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To raise new questions, new possibilities,
to regard old problems from a new angle,

requires creative imagination
and marks real advance in science.

— Albert Einstein
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A B S T R A C T

Today, in large organizations, most of the decision-making processes (strategic and
operational) are carried out in a group. There are several reasons why this is so: if, on
the one hand, it is believed that it is possible to make better decisions in a group, on the
other hand, the organizational charts of these organizations force to do so. However, in
a world that is increasingly global, it is difficult to bring together decision-makers in
the same space at the same time, making it impossible to conduct typical face-to-face
meetings and benefit from the advantages associated with group decision-making. In
order to overcome this impossibility of interaction, Web-based Group Decision Support
Systems have been studied. These systems allow decision-makers to participate in the
decision-making process anytime, anywhere, by simply having an internet connection.
For the most part, these systems use algorithms/models capable of proposing one or
more solutions to a given problem, based on the preferences defined by each of the
decision-makers. However, with this type of approach, decision-makers interact in a
very limited way and the decision-making process is practically non-existent, making
it very difficult to present/exchange views, justify opinions and perceive the intentions
of each decision-maker.

The work described in this thesis intended to study strategies that allow the support
of dispersed groups (through the use of Group Decision Support Systems) in decision-
making processes, taking advantage, as far as possible, of the benefits associated with
face-to-face group decision-making. To achieve this goal, it was studied if: (1) intelligent
agents would be able to act according to a style of behavior assigned to them and
thus represent the intentions of the decision-makers; (2) it was possible to predict each
decision-maker’s perception of the decision quality and to use this indicator in order
to enhance it; (3) an automatic negotiation model would be able to create intelligence,
involving decision-makers in the process, making it transparent and allowing both
decision-makers and intelligent agents to take advantage of the generated knowledge.

For the first objective (1), a model that allowed the decision-makers to represent their
intentions regarding the decision-making process was defined. In order to present the
set of stances considered to exist in this context, five styles of behavior (dominating,
integrating, compromising, avoiding and obliging) that vary according to four dimen-
sions (resistance to change, activity level, concern for self and concern for others) were
defined. A case study to understand how decision-makers perceive each behavior style
was also conducted. Later, using a prototype, simulations of group decision-making
processes were performed (using the values found in the case study), using agents
configured with the considered behaviors. For the second objective (2), a model for
predicting the decision-makers’ perception of the decision quality (called satisfaction
model) was formulated. The formulation of the model followed a set of assumptions
and premises found in the literature, which allowed to define the points to be consid-
ered, as well as the behavior of the model itself in relation to those points. The points
considered in this model were: expectations of the decision-makers, evaluation of al-
ternatives, affective aspects, intentions and results. This model was then applied to
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other developed algorithms and models in order to study its applicability and poten-
tialities. For the third objective (3), an argumentation-based dialogue model to allow
the reflection of the dialogues made by decision-makers in face-to-face group decision-
making processes was formulated. In order for the agents’ dialogues to be perceptible
by decision-makers, a set of illocutions to be used by the agents (appropriate to the
context of group decision-making) was defined. A communication model was also de-
fined in order to allow the agents to perform a dialogue sequence/logic similar to that
practiced by real decision-makers. In order to allow agents and decision-makers to use
arguments to justify opinions and requests, as well as to allow agents to use the knowl-
edge generated in the messages exchanged by the decision-makers, an argumentation
framework was developed. In order to have the desired impact on the behavioral styles
modeled on the agents, sets of rules and formulas have been defined to establish how
the agents participate in the dialogues, as well as their assessment of the incoming
requests.

By analyzing the obtained results, it was proved that the proposed behavioral styles
model is perceived in a similar way by the decision-makers. In this way, it was possible
to find performance values for each of the considered dimensions, which can be used
to model agents. In addition, it was also found that the agents were able to correctly
exhibit the behaviors with which they were modeled. With respect to the proposed
satisfaction model, it has shown to have numerous applications such as: being able to
enhance the satisfaction of the decision-makers and of the group, and serving as a met-
ric to evaluate different models of automatic negotiation or decision support systems. It
was also proved that agents that use the satisfaction model as a tool to predict the final
satisfaction of the decision-makers they represent are able to obtain better and more
consensual decisions when compared with agents that do not use it. It was also possi-
ble to observe that the argumentation-based dialogue model allows decision-makers to
follow/perceive the decision process. In addition, it was found that the model works
correctly with multiple agents. It has also been found that the agents are able to use
the messages created by the decision-makers in order to make the dialogues more in-
telligent. It was also possible to prove that the modeling of behavioral styles on agents
to represent the intentions of the decision-makers, in the context of group decision-
making, significantly helps in obtaining higher quality and more consensual decisions.

To develop systems/models to support dispersed groups is an extremely complex
topic. For these systems to achieve better results, special attention should be paid to the
interests of the decision-makers and not just focus on the problem. It has been shown
that working on communication and representation strategies is extremely relevant
in what is the capacity to propose higher quality decisions and to reach consensual
decisions more easily.
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R E S U M O

Atualmente, nas grandes organizações, a maioria dos processos de tomada de de-
cisão (estratégicos e operacionais) são realizados em grupo. Existem vários motivos
que levam a que isso aconteça: se por um lado se acredita que em grupo é possível
obter melhores decisões, por outro lado, os organogramas destas organizações a isso o
obrigam. No entanto, num mundo que é cada vez mais global, torna-se difícil reunir
decisores num mesmo espaço ao mesmo tempo, impossibilitando: a realização das típi-
cas reuniões “cara-a-cara” e beneficiar das vantagens associadas à tomada de decisão
em grupo. Com o objetivo de ultrapassar esta impossibilidade de interação, têm vindo
a ser estudados Sistemas de Apoio à Tomada de Decisão em Grupo baseados na web.
Estes sistemas permitem que os decisores participem no processo de decisão em qual-
quer altura e em qualquer lugar, bastando para isso terem uma ligação à internet. Na
sua maioria, estes sistemas utilizam algoritmos/modelos capazes de propor uma ou
mais soluções para um determinado problema, com base nas preferências definidas por
cada um dos decisores. Contudo, com este tipo de abordagem, os decisores interagem
de uma forma extremamente limitada e o processo de decisão é praticamente inexis-
tente, tornando-se muito difícil apresentar/trocar pontos de vista, justificar opiniões e
perceber as intenções de cada um dos decisores.

O trabalho que é descrito nesta tese pretendeu estudar estratégias que permitam
suportar grupos dispersos (através da utilização de Sistemas de Apoio à Tomada de
Decisão em Grupo) em processos de tomada de decisão, tirando partido, tanto quanto
possível, dos benefícios associados à tomada de decisão em grupo do tipo presencial.
Para alcançar este objetivo, foi estudado se: (1) agentes inteligentes seriam capazes de
atuar de acordo com um estilo de comportamento que lhes fosse atribuído e assim rep-
resentar as intenções dos decisores; (2) era possível prever a perceção da qualidade da
decisão de cada decisor e utilizar este indicador de forma a potenciá-la; (3) um mod-
elo de negociação automática seria capaz de criar inteligência, envolvendo os decisores
no processo, tornando-o transparente e permitindo que tanto decisores como agentes
inteligentes pudessem usufruir do conhecimento gerado.

Para o primeiro objetivo (1), foi definido um modelo que permitisse aos decisores
representarem as suas intenções relativamente ao processo de tomada de decisão. Para
exibir o conjunto de posturas que se considera existir neste contexto, foram definidos
cinco estilos de comportamento (dominating, integrating, compromising, avoiding e oblig-
ing) que variam de acordo com quatro dimensões (resistance to change, activity level,
concern for self e concern for others). Foi também realizado um caso de estudo para perce-
ber de que forma os decisores percecionavam cada um dos estilos de comportamento.
Posteriormente, utilizando um protótipo, foram realizadas simulações (recorrendo aos
valores encontrados no caso de estudo) de processos de tomada de decisão em grupo,
utilizando agentes configurados com os comportamentos considerados. Para o segundo
objetivo (2), foi formulado um modelo de previsão da perceção da qualidade da de-
cisão (denominado de modelo da satisfação) dos decisores relativamente à solução
proposta. A formulação do modelo obedeceu a um conjunto de suposições e premis-
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sas existentes na literatura, que permitiram definir os pontos a serem considerados,
assim como o comportamento do próprio modelo face a esses pontos. Os pontos con-
siderados neste modelo foram: expetativas dos decisores, avaliação das alternativas,
aspetos afetivos, intenções e resultados. Este modelo foi depois aplicado a vários out-
ros algoritmos e modelos desenvolvidos de forma a estudar a sua aplicabilidade e as
suas potencialidades. Para o terceiro objetivo (3), foi formulado um modelo de diálogo
baseado em argumentação que permitisse refletir os diálogos realizados por decisores
em processos de tomada de decisão em grupo do tipo presencial. Para que os diálo-
gos realizados pelos agentes fossem percetíveis aos olhos dos decisores, foi definido
um conjunto de ilocuções (adequadas ao contexto da tomada de decisão em grupo)
para serem utilizadas pelos agentes. Foi ainda definido um modelo de comunicação
de forma a permitir que os agentes fossem capazes de realizar uma sequência/lógica
de diálogo similar à praticada por decisores reais. Foi também definida uma framework
de argumentação de forma a permitir aos agentes e decisores a utilização de argumen-
tos para justificar opiniões e pedidos, assim como, para permitir aos agentes utilizar o
conhecimento gerado nas mensagens trocadas pelos decisores. Para que os estilos de
comportamento modelados nos agentes tivessem o impacto desejável, foram definidos
conjuntos de regras e fórmulas para estabelecer a forma como os agentes participam
nos diálogos, assim como, a avaliação que fazem dos pedidos recebidos.

Analisando os resultados obtidos, provou-se que o modelo de estilos de comporta-
mento proposto é percecionado de forma semelhante pelos decisores. Desta forma, foi
possível encontrar valores de atuação para cada uma das dimensões consideradas, que
podem ser utilizados para modelar agentes. Além disto, também se verificou que os
agentes foram capazes de exibir corretamente os comportamentos com que foram mod-
elados. Relativamente ao modelo de satisfação proposto, este demonstrou ter inúmeras
aplicabilidades, tais como: ser capaz de potenciar a satisfação dos decisores e do grupo,
e servir como métrica para avaliar diferentes modelos de negociação automática ou
sistemas de apoio à decisão. Provou-se ainda que agentes que utilizam o modelo de
satisfação como uma ferramenta de previsão da satisfação final dos decisores que rep-
resentam, conseguem obter decisões melhores e mais consensuais quando comparados
com agentes que não o utilizam. Foi ainda possível observar que o modelo de diálogo
baseado em argumentação permite que os decisores acompanhem/percebam o pro-
cesso de decisão. Além disto, verificou-se que o modelo funciona corretamente com
múltiplos agentes. Verificou-se também que os agentes são capazes de utilizar as men-
sagens criadas pelos decisores de forma a tornar os diálogos mais inteligentes. Foi
ainda possível provar que a modelação de estilos de comportamento em agentes, para
representar as intenções dos decisores no contexto da tomada de decisão em grupo,
também ajuda significativamente na obtenção de decisões de maior qualidade e mais
consensuais.

Desenvolver sistemas/modelos para suportar grupos dispersos é um tópico extrema-
mente complexo. Para que estes sistemas alcancem melhores resultados, deve ser
dada especial atenção aos interesses dos decisores e não focar apenas o problema.
Demonstrou-se que trabalhar estratégias de comunicação e de representação são as-
petos extremamente relevantes naquilo que é a capacidade de propor decisões de maior
qualidade e de alcançar decisões consensuais mais facilmente.
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1
I N T R O D U C T I O N

In order to succeed,
we must first believe that we can.

— Nikos Kazantzakis

This chapter presents an overview of the work that has been devel-
oped. For this, a contextualisation of the topics under which work
was developed is presented and the existing limitations are exposed,
leading the reader to understand the factors that should be consid-
ered in a possible solution. The hypotheses are listed based on the
limitations identified. The objectives to be achieved are presented
next. Finally, the structure of this document is presented. As this the-
sis is organized according to a format called "Compilation Based" or
"Scandinavian model", a summary of each of the publications that are
inserted in this document is presented in this chapter.

1.1 overview

One of the most important factors that determine the success of an
organization is the quality of the decisions made. Making decisions is
an intrinsic quality to humans. Each action, more or less significant,
conscious or unconsciously, results from a decision. Therefore, we
could say we are all natural decision-makers (Saaty, 2008; Saaty and
Peniwati, 2013). The decision-making process can be seen as selecting
one or more alternatives as the solution for a certain problem (Chen,
2000). It is known that many of the decisions that take place in orga-
nizations are made in group (Luthans et al., 2015). Group decision-
making is a process in which a group of people, called participants,
act collectively to analyze a set of variables, considering and evaluat-
ing the available alternatives in order to select one or more solutions.
The number of participants involved in the process is variable and
all of them may be either at the same place and at the same time
or geographically dispersed at different times (Luthans et al., 2015;
Palomares et al., 2014). It is a known fact that the number of hours a
decision-maker spends in a meeting is not mostly used to make de-
cisions. The time spent on things like social issues is responsible for
consuming most of the time of a decision process (Mintzberg, 1973;
Argyris and Schon, 1974; Hoffman, 1979). There are several reasons
for which decisions are made in group: to improve the quality of
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2 introduction

the decision, to share workloads, to gain support among stakehold-
ers, to train less experienced group members and due to the majority
of organograms existing today (Bell, 1985; Huber, 1984; Kaner, 2014;
Griffin and Moorhead, 2011). It has been proven that groups achieve
performances that are qualitatively and quantitatively superior to the
individual performance (Hill, 1982; Shaw, 1932; ?). However, in order
to take advantage of the benefits behind group decision-making it is
necessary to create conditions in which groups can perform certain
tasks, such as generating ideas and solutions through group interac-
tion (Hackman and Morris, 1975; Watson et al., 1991). It is considered
that with the group decision-making process, members will have their
ability to learn enhanced and their cognitive level stimulated (Lamm
and Trommsdorff, 1973; Osborn, 1963).

Group Decision Support Systems (GDSS) have been widely stud-
ied throughout the last decades to support this type of decisions
(Galegher et al., 2014; Dai et al., 2017; DeSanctis and Gallupe, 1984;
Desanctis and Gallupe, 1987; Gray, 1987; Marakas, 2003). However,
in the last ten/twenty years, we have seen a remarkable change in
the context where the decision-making process happens, especially
in large organizations (Chen et al., 2007; Grudin, 2002; Novais et al.,
2014). With the emergence of global markets, the growth of multi-
national organizations and a globalist view of the planet, we can
easily find decision-makers (chief executive officers, managers and
other members of global virtual teams) spreading around the world,
in countries with different time zones (Shum et al., 2013). Moreover,
to support the group decision-making process in this context is espe-
cially complex. This can lead to additional problems: failure to com-
municate and retain contextual information, unevenly distributed in-
formation, difficulty to communicate and to understand the salience
of information, differences in the speed of access to information, and
difficulty to interpret the meaning of silence (Bjørn et al., 2014); and
to deal with temporal issues, which can originate: ambiguity, conflict-
ing temporal interests and constraints, and scarcity of temporal re-
sources (McGrath, 1991; Légaré and Witteman, 2013). To provide an
answer and operate correctly in this type of scenarios, the traditional
GDSS have evolved to what is known today as Ubiquitous/Web-
based Group Decision Support Systems (Web-based GDSS) (Alonso
et al., 2010; Kwon et al., 2005; Marreiros et al., 2010; Morente-Molinera
et al., 2016). The idea behind the Web-based GDSS is to support the
decision-making process "anytime" and "anywhere", and to help deal-
ing with some of the referred problems (Santos et al., 2006; Shim et al.,
2002; Palomares et al., 2013).

In a group decision-making process there is a conflict of interests
and each of the parties involved may (or may not) have different ob-
jectives and needs that intends to satisfy (Lewicki et al., 2011). Two
main approaches have been implemented in GDSS to help with group
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decision-making processes. The classical approaches, based on prefer-
ences’ aggregation, and the consensus-based approaches. The former
consists in an aggregation phase, that combines the experts’ prefer-
ences, followed by the selection of one alternative (Herrera et al.,
2005; Saaty, 1988). The latter extends the former through an itera-
tive process in order to achieve consensus (Fedrizzi and Kacprzyk,
1988; Palomares and Martínez, 2014). They intend to help decision-
makers in achieving an agreement (or a consensus) through frame-
works and other specific strategies. However, when the decision pro-
cess involves dispersed decision-makers, many benefits associated
to group decision-making process are lost. During the process of a
real face-to-face decision-making scenario, the decision-makers inter-
act in many ways (verbal and nonverbal communication) which does
not happen when decision-makers are geographically dispersed at
different times. These limitations can be the reason why "Comput-
erized Conferences" obtained (in an old study) worst results when
compared to face-to-face scenarios (Hiltz et al., 1986). In face-to-face
decision-making scenarios, the dialogues can assume different types
like: persuasion, information-seeking, inquiry, among others (Walton
and Krabbe, 1995). The argumentation-based dialogue models can
be a suitable strategy to help overcome the lack of interaction inher-
ent to the decision-making processes in which decision-makers are
geographically dispersed (Kakas and Moraitis, 2003; Karacapilidis
and Papadias, 2001; Rahwan et al., 2003). They allow the exchange
of proposals including justifications and explanations which are es-
sential for the negotiation process (Marey et al., 2014a; Novais et al.,
2005)). Furthermore, the arguments can be used to explain to decision-
makers the reasons why a certain solution is proposed (Amgoud and
Prade, 2006). The most striking approaches were proposed about 2

decades ago (Dung, 1995; Kraus et al., 1998; Sierra et al., 1997). Since
then, we have seen different (extensions) approaches to formulate
argumentation frameworks, such as: abstract argumentation (Bon-
darenko et al., 1997; Prakken, 2010), logic-based argumentation (Am-
goud, 2014; Besnard and Hunter, 2001), value-based argumentation
(Bench-Capon, 2002; D’Avila Garcez et al., 2005), assumption-based
argumentation (Dung et al., 2009; Fan et al., 2013), among others (Am-
goud and Vesic, 2011b). However, these approaches deal with argu-
mentation as a somewhat one-sided-process "in which a single party
merely presents a reasoned justification" (Bench-Capon and Dunne,
2007). In the context of group decision-support, the paradigm is dif-
ferent, the argumentation is "an informed exchange of ideas and po-
sitions involving several contributors: in other words, argumentation
concerning an issue", which typically, arises as a dialogical process
(Bench-Capon and Dunne, 2007). Some strategies have been proposed
to deal with dialogical processes (Johnson et al., 2005; McBurney and
Parsons, 2001; Parsons et al., 2007), most of which are oriented to be
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used in multi-agent systems and to formalize some typical aspects,
such as: locutions, utterances, rules for dialogue continuation and
termination. However, when we search for argumentation-based dia-
logue models specifically adapted to GDSS, the results are practically
inexistent. The few existing results are outdated (Karacapilidis and
Papadias, 1996, 2001) and even if some seemed promising in the way
they could be adapted to this area (Kraus et al., 1998; Sierra et al.,
1997), the works that came next followed (most of the times) another
path (despite some of them remain within decision support).

When developing a Web-based GDSS it is necessary to be aware of
the benefits inherent to face-to-face meetings. A typical face-to-face
meeting allows the decision-makers’ interaction, exchange of ideas,
work on new knowledge and intelligence generation (Dennis, 1996;
Hill, 1982; Huber, 1984). As we had seen, (in an ideal scenario) we
can achieve some of these benefits using automatic negotiation mod-
els (for instance: argumentation-based dialogue models). However,
there is so much more besides the "messages" exchanged by decision-
makers, it is necessary to work in the representation of those decision-
makers. The representation can range from criteria’s evaluation (for
instance in a multi-criteria problem (Carneiro et al., 2015b) to a com-
plete representation of the individual (personality, emotions, mood,
among others. (Gmytrasiewicz and Lisetti, 2002; Raja and Srivatsa,
2006; Santos et al., 2009)). The group decision-making process ben-
efit from the decision-makers’ heterogeneity (Hambrick et al., 1996).
This heterogeneity is related to the decision-makers’ temperament
but also with the decision-makers’ intentions. Let us consider a sce-
nario in which a medical team intends to choose a particular course
of treatment for a patient whose condition calls for different areas
of expertise. As in any other multi-criteria problem, each of the spe-
cialists, depending on their own background could have their own
preferences over a number of possible alternatives, considering for in-
stance, the order/timing of certain required interventions. However,
each team member’s opinion may be subject to a different apprecia-
tion, being judged for instance in terms of importance, rank, expert
level or even based on implicit rules regarding their overall credi-
bility. It is also conceivable that in some authoritative contexts the
opinions of the highest graduated specialist may be taken as the rule
of law, limiting any further suggestions once they are stated. In order
to answer these questions, it is necessary to allow decision-makers to
configure not only their preferences (on alternatives and criteria), but
also their intentions and other aspects that may be relevant, so that
their position can be expressed with the best possible representation.

To model agents with human-like aspects is not new. At the start
of the new millennium, some projects dealing with agents’ humaniza-
tion began to appear (André et al., 2000). Nowadays, there are many
proposals that intend to model human characteristics in agents, such
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as: personality (Dimuro et al., 2007; Padgham and Taylor, 1997), emo-
tions (Ball and Breese, 2000; Gmytrasiewicz and Lisetti, 2002), cog-
nitive styles (Frank et al., 2001), among others. There are also some
proposals under the topic of GDSS (Palomares et al., 2014, 2013; Recio-
García et al., 2013; Santos et al., 2009; Marreiros et al., 2008). All of
them share the idea that including cognitive/affective aspects will
benefit in some way the decision-making process. However, to the
best of our knowledge, most of them are envisaged for use in sim-
ulated environments. The usage of such techniques in real systems
can bring some disadvantages. "A real me" can be a bad approach if
my persona is less persuasive/intelligent/capable than others. An ap-
plication that mimics one’s limitation will be of lesser interest. More-
over, the inclusion of aspects such as personality does not permit
to reflect other aspects such as intentions and objectives. For each
decision-maker, the objectives and intentions can vary even for the
same problem.

Finally, both Web-based GDSS/GDSS and argumentation-based di-
alogue models present problems related to evaluation. Usually, these
systems/models are evaluated through mathematical proofs, number
of rounds or seconds to propose (reach) a solution (Marreiros et al.,
2010). However, these techniques do not say much in terms of deci-
sion quality. It becomes impossible to compare how much more one
model is capable of enhancing the quality of the decision in relation
to another. Surely, the decision quality cannot be measured in the
end of a group decision-making process because the impact result-
ing from that decision is unknown. What can be measured, or what
can be valuable to know in the end of a group decision-making pro-
cess is the perception of the decision-quality of each decision-maker
(or their satisfaction) (Carneiro et al., 2015a). Satisfaction is therefore
a strong indicator, not only of the results, but also of the whole de-
cision process (Higgins, 2000). When someone is questioned about
the quality of a decision, the answer does not just stem from the as-
sessment of outcomes, but also, even unconsciously, it includes the
evaluation process necessary to reach the decision (Higgins, 2000). In
literature, satisfaction as a metric has been applied in many different
issues like life satisfaction (Schimmack et al., 2004) or job satisfaction
(Judge et al., 2002). Satisfaction has also been applied in the GDSS
area. However, the existing proposals are not concerned with the per-
ception of the decision quality but instead with the decision-maker’s
satisfaction regarding the GDSS performance, usability, among others
(Briggs et al., 2003a; Tian et al., 2008a; Paul et al., 2004a).

1.2 research hypotheses

Concerning the limitations of GDSS intended for dispersed groups, as
well as their low acceptance by organizations (van Hillegersberg and
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Koenen, 2014, 2016), we believe that there may be flaws in the way this
problem has been considered and interpreted. It is true that some-
times group decision-making is a compulsory process, for example
due to most organizational charts of today’s organizations. However,
there are several benefits associated with the group decision-making
process that go well beyond these "policy" issues. So, what would be
the interest of a decision-maker in using a GDSS that does not allow
him to take advantage of those benefits? What confidence would he
take from a proposed solution that discards the existence of a pro-
cess and everything that a process allows? How frustrating can be a
system that does not allow for the insertion of new knowledge? And
not less important, how appropriate for a high-level executive or top
manager will a system be if, albeit ensuring the best results, requires
tens/hundreds of slow configurations?

With the execution of this work we aim to respond to these chal-
lenges by using artificial intelligence techniques, to take advantage
of the inherent benefits of group decision-making. The research hy-
potheses for this work are formulated as follows:

1. Computer agents can act according to the style of behavior with
which they are defined;

• It is possible for decision-makers to select a style of be-
havior to model computer agents in the context of group
decision-making so that the behavior of the agents is as
expected by the decision-makers;

• Agents that represent/support decision-makers in the
Ubiquitous/Web-based group decision-making process
and that use styles of behavior can obtain higher consensus
and quality decisions more easily;

• Agents with a higher level of concern for others obtain
higher satisfaction levels;

• Agents with a higher level of concern for others and a
higher level of concern for self obtain higher satisfaction
levels;

• Agents with a low concern for self obtain consensus more
easily;

• Using agents defined with a style of behavior is always
advantageous;

• A cooperative decision system that uses agents modeled
with styles of behavior should be able to benefit from this
heterogeneity and not present a biased functioning;

2. It is possible to predict the decision-makers’ perception of the
decision quality;
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• If we predict the decision-makers’ perception of the deci-
sion quality, we can use this prediction in a negotiation
model in order to maximize the decision quality;

3. An argumentation-based negotiation model is capable of im-
proving the intelligence (of the agents or entities) and not only
to reason about a solution;

• It is possible for both agents and decision-makers to use
a dialogue which is clear to everyone involved in the
decision-making process;

• It is possible for both agents and decision-makers to take
advantage of the knowledge which is generated;

• It is possible to configure the preferences, objectives and in-
tentions of a complex multi-criteria problem without com-
promising usability and within an acceptable time frame.

1.3 objectives

The main objective of this work is to create mechanisms to support
disperse groups in the group decision-making process, taking
advantage of the benefits inherent to face-to-face scenarios. In other
words, these mechanisms should take advantage of the face-to-face
group decision-making process, but at the same time be adapted to
the needs of the Web-based GDSS target audience (executives and
top managers), motivating and encouraging them to use the system,
so that the benefits in its use are easily perceived, generating a feel-
ing of comfort and confidence with respect to the proposed solutions.

This main goal is approached in terms of the following objectives:

• To ascertain the state of the art in the following areas: Group
Decision-Making, Argumentation, Argumentation-Based Nego-
tiation, and Affective Computing;

• To develop a model that is capable of representing decision-
makers according to their intentions in respect to a particular
decision process;

• To develop a model capable of predicting the satisfaction or the
perception of the decision quality of each decision-maker and
the group regarding the proposed solution;

• To develop an automatic negotiation model under the logic of a
real decision-making process, involving the decision-makers in
the process, allowing them to contribute with new knowledge
and to perceive the process and the reason for which a given
solution is presented;
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• To formalize an argumentation-based dialogue model that con-
siders agents (with behavioral styles) which represent decision-
makers, that contemplates affective issues and satisfaction pre-
diction algorithms regarding how agents dialogue and evaluate
requests;

• The models developed should not require a large set of config-
urations, enhancing the usability of a future system and match-
ing the lifestyle and agenda of executives and top managers.

1.4 strategy and research plan

To achieve the defined objectives, a methodology called Action-
Research was used (Somekh, 2005) . This methodology consists of
a set of stages based on continuous development and directed to
problem-solving. What distinguishes it from more conventional ap-
proaches is that the focus is placed on the scientific study. In this
methodology, the researcher systematically studies the problem and
his interventions are supported by theoretical considerations. Initially,
the problem is identified so that the hypotheses can be formulated.
Subsequently, the information is continuously recompiled, organized
and analyzed in order to develop a proposal capable of solving the
identified problem. Finally, based on the results obtained during the
research process, it is possible to draw conclusions. For this methodol-
ogy to be correctly followed and achieve the stipulated objectives, six
complementary stages are defined. Those stages are described below:

• Specification of the problem and its characteristics: this stage
consists in the definition of the problem and investigates the
reason why it exists/happens, all its characteristics are gathered
and the hypotheses are formulated;

• Constant and incremental updating of the state of the art re-
view: the review of the state of the art consists on studying the
approaches that relate to current research;

• Development of the solution: the information gathered in the
previous stages allows the design/development of a solution to
respond to the defined objectives, and consequently will verify
or reject the research hypotheses;

• Experimentation and implementation of the solution through
the development of a prototype: formalization of a prototype
that contains all the resources specified in the solution. Then,
its behavior is observed in order to verify its effectiveness;

• Analysis of results and formulation of conclusions: this stage
consists on the analysis and validation of the prototype. For this,
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it is checked if the implementation attains the objectives, which
will allow to draw conclusions about the research hypotheses;

• Constant dissemination of the knowledge, results obtained and
experiences in the scientific community: dissemination of re-
sults in peer-reviewed journals, conferences, workshops, among
others.

Based on the last stage of the Action-Research methodology, and
considering that it was possible to publish the performed work, it was
decided that this thesis would follow the format called "Compilation
Based" or "Scandinavian model".

1.5 structure of thesis

This section presents the structure of the thesis, aiming to make it
easier for readers to find the envisioned content and to ease the per-
ception of some aspects related to the structure of the document. This
thesis follows a format called "Compilation Based" or "Scandinavian
model", which consists of the compilation of several publications
that present the methods and the results regarding the hypotheses
that were initially defined.

The structure of the four main blocks is as follows:

Chapter 1: Introduction

In this chapter, the context of this work is introduced and it is
intended to lead the reader to understand its relevance. Based on
the limitations referred in the Overview, research hypothesis and
objectives are defined. This chapter ends with the presentation of the
structure and contents present in this thesis.

Chapter 2: Background

This chapter addresses each of the relevant topics in the con-
text of the work presented in this thesis. Topics covered are:
Group Decision-Making, Affective Computing, Argumentation and
Argumentation-Based Negotiation. The state of the art of each of
these topics is presented. At first, a contextualization and historical
presentation is introduced for each topic, followed by the presenta-
tion of the most relevant works. Finally, the limitations of current
approaches are discussed.
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Chapter 3: Publications Composing the Doctoral Thesis

Chapter 3 presents the set of publications that have been selected to
integrate this document. This chapter is composed of 6 publications
that cover different parts of the work done. All publications are
preceded by a table which presents all the information regarding it.

Section 3.1: Intelligent negotiation model for ubiquitous group decision
scenarios (Carneiro et al., 2016c)

This publication proposes a negotiation environment that is based
on social networks logic. It presents a set of ideas that can be used
in works that intend to develop group decision support systems,
argumentation-based negotiation models and agents’ modeling. It
aims to embody an environment of a face-to-face group-decision
process. It proposes two types of communication, Public Com-
munication, which represents in the form of "posts" the existing
communications in real group decision-making processes, where
all decision-makers listen to the same messages at the same time
(avoiding that some agents may act in possession of more knowledge
that is public compared to others), and Private Communication,
which adds the possibility that the agents can be simultaneously
carrying out private "one-to-one" type conversations. A set of
illocutions (Statements, Questions or Requests) are also introduced,
so that agents can use them to hold a dialogue on the subject
under discussion. It is demonstrated that the dialogue carried out
by the agents, even considering that they can add new preferences
throughout the process, is always finite. A set of attribute types, as
well as a possible interaction of the real decision-maker with such an
approach, is also proposed.

Section 3.2: Representing decision-makers using styles of behavior: an ap-
proach designed for group decision support systems (Carneiro et al., 2017g)

Affective computing is a multidisciplinary field encompassing com-
puter science, engineering, psychology, education, neuroscience, and
many other disciplines. As such, it is normal to refer several papers
that present solutions and that are developed based on knowledge
presented under topics other than computer science. However, this
means that sometimes works appear to be developed based on
knowledge that underwent adaptations which were themselves not
validated. This publication proposes a set of behavioral styles that
intends to model the intentions of the decision-makers towards the
decision process. Based on existing studies, five styles of behavior
were considered: dominating, integrating, compromising, obliging
and avoiding. It also proposes the styles to act according to four
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dimensions: concern for self, concern for others, resistance to change
and activity level. This paper presents a study involving 64 partici-
pants to find the operating values for these dimensions. The study
demonstrates that participants have a homogeneous perception of
the level of performance of each style of behavior for the various
dimensions, thus allowing to consider the operating values as valid
to model agents with those behavioral styles, in the context of group
decision-making. In this publication, a communication model to al-
low agents to have dialogues that mimic the logic of communication
present in face-to-face meetings is also proposed. With the work
described in this paper, it was possible to conclude that as in reality,
decision groups made up of agents with different behavioral styles
can benefit from the heterogeneity of their elements when compared
to homogeneous groups.

Section 3.3: Evaluating the perception of the decision quality in web-based
group decision support systems: a theory of satisfaction (Carneiro et al.,
2017f)

In this publication, a formulation of a model to predict the decision-
makers’ satisfaction (perception of the decision quality) is presented.
This work appears in light of the lack of existing mechanisms to
predict/study the quality of the decision and consequently it is not
possible to evaluate in any way what kind of practical benefits certain
systems or models of automatic negotiation can offer (in comparison).
In order to predict the perception of the decision-making quality of
each decision-maker, and consequently the group, several points are
considered: the outcomes, the decision-maker’s expectations, style
of behavior, emotional changes and mood variation according to a
considered set of events. The assumptions and premises used to for-
mulate this model were created according to strong evidences found
in the literature under the topics of decision quality, perception of the
decision quality and human reasoning (a paper addressing this issue
was published in Carneiro et al. (2015a)). In addition to its primary
objective, the satisfaction model can be used to evaluate different
group support systems or automatic negotiation mechanisms. It is
possible to use a short version of this satisfaction model (whenever
not all parameters are applicable) as done in (Carneiro et al., 2016a).

Section 3.4: Including cognitive aspects in multiple criteria decision analysis
(Carneiro et al., 2016a)

The publication presented in this section introduces a new multi-
criteria decision analysis (MCDA) method. Assuming the consid-
eration of affective aspects in computer-based decision-making
processes leads to better decisions, we question if the hypothesis
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can be verified using a purely analytical approach. In this paper,
the Cognitive Analytic Process (CAP) is proposed. CAP is a new
method of MCDA that contemplates cognitive aspects and allows
decision-makers to configure not only their preferences (over cri-
teria and alternatives) but also their intentions. CAP allows each
decision-maker to define: a behavior style (to reflect his intentions
about the process), his level of expertise and what other decision-
makers he considers to be credible. In addition, the CAP considers
the evaluation that the decision-makers make of the criteria in
an innovative way, the criteria are classified (considering several
aspects) as: very important criterion, important criterion, medium
criterion, not important criterion or insignificant criterion. The CAP
has the advantage of not having compulsory settings, hence all con-
figurations are optional. In addition, the number of configurations
to be performed is considerably smaller than in another methods
referenced in the literature, as is the case of Analytic Hierarchy
Process (AHP) (Saaty, 1988) and Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS) (Tzeng and Huang, 2011).
The CAP proved to obtain more satisfactory results most of the
times, when compared to MCDA methods that are referenced in the
literature, thus demonstrating the positive impact of the inclusion of
affective aspects. This paper used the knowledge published in the
paper presented in Section 3.3.

Section 3.5: Dynamic argumentation in UbiGDSS (Carneiro et al., 2017b)

This publication presents what we have called as Dynamic Argumen-
tation. This argumentation model allows disperse decision-making
groups to enjoy the known advantages of face-to-face group decision-
making, by exchanging messages using exactly the same formulation
as that used by agents. These messages are composed (among other
things) by a locution and an argument. In that way, attack and
reinforcement relationships take place between messages. Also, a
mechanism is proposed so that decision-makers can evaluate the
messages while being suggested to them if they intend to justify their
evaluation. This justification (argument) gives rise to a new message
that will be in favor or against the evaluated message. Each decision-
maker has his message tree according to his own assessments. In
this way, the agent that represents a decision-maker has access to
the message tree of his decision-maker "understanding" the actual
conversation that he made (regarding the impact of the messages,
not the content). All definitions and algorithms that allow agents to
navigate the message tree are formulated. With the locutions used by
the agents, the decision-makers can also perceive all the dialogues
made by the agents, which allows decision-makers to understand the
reasons for the proposed solutions as well as to document decisions.
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In this work, it was also verified that the agents manage to use the
dialogues made by the decision-makers and to create/organize new
knowledge that is appreciable for the decision-makers. This approach
takes advantage of the benefits of group decision-making because
there is a decision-making process that involves decision-makers in
the process itself, allowing them to increase their confidence levels
with respect to the solutions presented. This approach does not
require large configuration costs on the part of the decision-makers
and presents a high level of usability. This paper is based upon
the knowledge published in the papers presented in Section 3.1,
Section 3.2 and Section 3.3.

Section 3.6: Arguing with behavior influence: a model for web-based group
decision support systems (Carneiro et al., 2017c)

This publication makes use of the dynamic argumentation model pre-
sented in Section 3.5 and proposes an argumentation-based dialogue
model. This argumentation-based dialogue model is specifically
designed to support dispersed groups in decision-making processes,
allowing agents to interact in a way that is very similar to the one
of the face-to-face decision-making processes. Decision-makers can
model agents with behavioral styles (which act according to the
values found in the publication in Section 3.2) that reflect their
intentions concerning the decision process. It also proposes a set of
arguments that agents can use to make requests, as well as a set
of formulas to evaluate such requests, considering the behavioral
style of the agent. It also proposes a set of illocutions and utterances
that agents can use, as well as all dialogue moves where rationality,
dialogue and action rules are specified. This model proves that in
a virtual context, higher levels of consensus and satisfaction are
achieved when using agents modeled with behavioral styles when
compared to agents without any strategy to represent the decision-
makers’ intentions. This paper uses the knowledge published in
the papers presented in Section 3.1, Section 3.2, Section 3.3 and
Section 3.5.

Chapter 4: Conclusions

In this chapter, the contributions resulting from the elaboration of
the work described in this thesis are presented, as well as the ways
by which they validate the research hypotheses previously defined
in the introductory chapter. In addition, the activities that permitted
the dissemination of results and other related activities occurring dur-
ing the course of this PhD are described. Finally, final remarks and
considerations about future work are described.





2
B A C K G R O U N D

The art and science of asking questions
is the source of all knowledge.

— Thomas Berger

This chapter addresses each of the relevant topics in the context of
the work presented in this thesis. Topics covered are: Group Decision-
Making, Affective Computing, Argumentation and Argumentation-
Based Negotiation. The state of the art of each of these topics is pre-
sented. At first, a contextualization and historical presentation is in-
troduced for each topic, followed by the presentation of the most
relevant works. Finally, the limitations of current approaches are dis-
cussed.

2.1 group decision-making

Making decisions is intrinsic to the human being. Each action, more
or less significant, conscious or unconsciously, results from a decision.
Therefore, one could say we are all natural decision-makers (Saaty,
2008; Saaty and Peniwati, 2013). The decision-making process con-
sists of selecting one or more alternatives to be the solution to a given
problem/task (Chen, 2000). Nowadays, many of the decision-making
processes that happen in organizations are made in group (Luthans
et al., 2015). Group decision-making has been widely studied in the
last decades and became the preferred way of making decisions in
many organizations (Moon et al., 2003). Group decision-making is a
process in which a group of persons, named participants, act collec-
tively to analyze a set of variables, considering and evaluating the
available alternatives in order to select one or more solutions. The
number of participants involved in the process is variable, and they
can all be in the same space at the same time, or geographically dis-
persed at different times (Luthans et al., 2015; Palomares et al., 2014).
When decision-making process is performed in group, the chance to
detect a problem is higher, and subsequently, the decision-makers can
work together to find a solution for that problem. This turns group
decision-making into a more effective and fast process.

In the 50’s, researchers saw decision-making groups as a safer way
to make decisions (Hilgard et al., 1975). Posterior studies demon-
strated that groups tend to be less cautious than individuals and
the risk of optimistic analysis increases (Buehler et al., 2005). It is
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Table 1: Types of GDSS (adapted from DeSanctis and Gallupe (1984)).

Duration
Limited Not Limited

Members
localization

Same place Decision room Local area decision network
Different place Teleconference Remote decision making

known that most of the hours spent by the decision-makers in a
meeting are not to make decisions. The time spent on other issues,
like social questions, is responsible for consuming most part of a
decision process (Mintzberg, 1973; Argyris and Schon, 1974; Hoff-
man, 1979). Depending on the decision process and group size, de-
cisions made by groups may have better or worse results than those
made by individuals (Moon et al., 2003; Fay et al., 2000). There are
many reasons to make decisions in group: to improve the quality of
the decision, to share workloads, to get support among stakehold-
ers, to train less experienced group members and due to the majority
of organizations’ organograms existing nowadays (Huber, 1984; Bell,
1985; Kaner, 2014). However, due to the globalization of markets and
the firms’ internationalization, it is very hard to match the decision-
makers’ agenda, making it difficult for them to meet at the same place
and time (Shum et al., 2013). Therefore, it is no surprise that so many
techniques, models, methods and tools that support groups and in-
dividuals in the decision-making process are being studied (Carneiro
et al., 2016a).

This section describes the evolution of Group Decision Support Sys-
tems (GDSS) since their appearance until today. The state of the art
regarding GDSS is also presented. Since Multi-Criteria Decision prob-
lems are the kind of problems dealt in this thesis, they are also ad-
dressed in this section. Finally, a brief summary and discussion are
presented.

2.1.1 The Story of Group Decision Support Systems

DeSanctis and Gallupe (1984) said that "an exciting new concept was
emerging in the decision support area. It involved the development
of computer systems for groups of people responsible for making de-
cisions". These systems were called Group Decision Support Systems.
These two researchers decided to study GDSS and their technolog-
ical and functional requirements resulting in one of the first GDSS
taxonomic approaches which categorized GDSS in four scenarios. Ac-
cording to this categorization, the purpose and configuration of GDSS
vary depending on the duration of the decision-making process and
on the degree of physical proximity of the group members. Table 1

shows the GDSS types.
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After three years, Desanctis and Gallupe (1987) published a new
work. They suggested the formulation of a GDSS should be based on
three factors: the group size, if the decision-making is face-to-face or
not, and the type of tasks the group must cope with (Figure 1).

Figure 1: Formulation of GDSS (adapted from Desanctis and Gallupe
(1987)).

According to the authors, a decision-making group can be defined
by two or more persons that together are responsible for: detecting a
problem, finding the problem’s origin, generating possible solutions,
analyzing possible solutions, and perform strategies to implement the
selected solutions. Although the group members may not be physi-
cally at the same place, they are aware of the existence of others, real-
izing they are part of a group that is making a decision. Three differ-
ent levels of GDSS were defined (Desanctis and Gallupe, 1987), which
represent three different possible approaches to support a group in
decision-making:

• Level one GDSS: the resources defined for this level can be
found in decision rooms, commonly known as "computer sup-
ported conference rooms" or "electronic board rooms". These
systems enhance the decision process by facilitating the ex-
change of information among the participants;

• Level two GDSS: these systems can provide automated plan-
ning tools, or other features normally found in individual deci-
sion support systems, so group members can visualize informa-
tion simultaneously, also with the use of a large screen. Model-
ing tools to support analysis that are normally conducted quali-
tatively, such as social formation analysis, risk analysis, or meth-
ods of multi-criteria analysis, can be found at this level;
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Table 2: Desanctis and Gallupe’s taxonomy of GDSS (adapted from Desanc-
tis and Gallupe (1987)).

Group size
Smaller Larger

Members
proximity

Face-to-face Decision room Local area decision network
Dispersed Legislative session Computer-mediated conference

• Level three GDSS: are characterized by inducting knowledge to
the group by the system and can include advice from experts,
selecting and organizing the set of rules to be applied during a
meeting.

The group needs and dynamics vary according to the factors of
each situation. Literature on behavior of social sciences groups, as
well as the investigation on electronic communication and group
decision-making, suggests that the nature of information exchanged
and the decision-making results change when groups are extremely
large, originating irregular communication (Leduc, 1979). Due to
these factors, group size and members’ proximity during the meet-
ing are the most critical aspects in the design of a GDSS. Due to the
difficulty in characterizing the groups’ size, these authors state that
groups can be relatively small or relatively large. Marreiros (2008)
considers that groups of 3 to 5 elements are considered small, 6 to 12

are medium, and over 12 are large.
Desanctis and Gallupe (1987) also defined a taxonomy that con-

siders four configurable environments according to the group size
and the dispersion of its elements. These factors are not mutually
exclusive but represent bipolar extremes that influence the meeting
dynamics and the selection of functionalities for decision support.

The four environments are characterized in Table 2, and are de-
scribed as follows:

• The decision room (small and face-to-face group): these group
members are all in the same physical space, gathered during
a certain period of time to debate a problem or a set of prob-
lems. The organization is based in a room with a large display
to project the information, and each member has a computer.
Communication between members is verbally transmitted or
via electronic messaging. The public display is used to show
ideas, analysis, polls, group preferences, graphics, etc;

• The local area decision network (small and dispersed): Several
system configurations are possible here: group members located
at workstations in offices can be connected by a local area net-
work, members who are at home or travelling can be linked by
long distance networks, and two or more Decision Rooms can
be linked together by teleconference. This kind of meetings can
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last over a period of days and it is not required that all group
members are simultaneously online. A human or electronic fa-
cilitator can be present;

• The legislative session (large and face-to-face group): the big
difference to the decision room is that in this case only the fa-
cilitator can send information to the large display. Individual
computers can be shared by groups of 2 or 3 persons. Com-
munication takes place hierarchically, where each member can
send messages only to members in his level or to the member
responsible for that group;

• Computer-mediated conference (large and dispersed group):
when a large number of people is not physically close and need
to gather to make decisions, a different GDSS is necessary. Long
distance telecommunication networks are needed. Also, there
must be a hierarchy of speakers, as happens in legislative ses-
sions.

As most part of technological innovations, GDSS appeared nat-
urally to facilitate the accomplishment of tasks has long practiced
by humans. Huber (1984) defined GDSS as a computer-based inter-
active system that helps solving unstructured problems1. Accord-
ing to Straub and Beauclair (1988), a GDSS is any technology used
to improve group decision quality. They assume a GDSS can help
groups to reach higher quality decisions, stimulating interactions in a
more balanced and useful way, and reducing the negative aspects
of small decision-making groups. Thus, a GDSS can be seen as a
specific decision support system, designed to provide tools and sup-
port decision-making. It can be exemplified by systems such as video
conference, and interactive software like forums and distributed net-
works. Throughout the history of development and growth of GDSS,
there was a feeling that the quality of the decision made by groups
would be better with its use (Straub and Beauclair, 1988; Gallupe,
1987).

In the early 90’s, the majority of existing GDSS were of synchronous
type (Turban, 1990). However, the interest in systems that do not re-
strict participants both in terms of decision and meeting time fos-
tered the development and study of asynchronous GDSS. Cao and
Burstein (1999) also referred that there was a major concern in inves-
tigating computerized support for group decision, where one of the
main points of study was to support co-located people in space and
time and they considered that there was a need for more research
focused in asynchronous group decision support systems.

In the beginning of the new millennium, studies that compare the
two forms (synchronous and asynchronous) started to appear, seek-

1 Problems with incomplete or ambiguous information.
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ing to understand which one brings more advantages to the deci-
sion process (Benbunan-Fich et al., 2003; Shim et al., 2002; Fjermes-
tad, 2004). An asynchronous mean of discussion provides an environ-
ment where richer and with greater coordination discussions can oc-
cur. This can happen due to the asynchronous interaction self-nature,
which allows reflecting and the getting of new ideas, and the dis-
cussion of more issues when compared to face-to-face meetings. The
effort of asynchronous discussions is superior to the effort in syn-
chronous systems since the participants need to accompany the pro-
cess for a longer period of time.

The GDSS approaches based on synchronous and asynchronous
systems obviously have advantages and disadvantages, but they are
not sufficient to fulfill all the needs by themselves. It was found that
something more was needed, leading to the appearance of the Web-
based and Ubiquitous GDSS (Kwon et al., 2005). These approaches
aim to allow participants to interact with the decision process at any-
time and anywhere. Ubiquitous computing is the ultimate cleavage of
the "here and now" action (Grudin, 2002). Currently, there is a grow-
ing interest in developing Ubiquitous GDSS to formalize and design
group decision-making processes "at anytime and anywhere" (and
through almost any kind of devices), instead of "at the same place
and at the same time" (Conceição et al., 2017). This interest arose with
the need to gather the best group of potential participants (Marreiros
et al., 2010).

Another research line on GDSS is the use of multi-agent systems, es-
pecially those with a strong connection to argumentation and negotia-
tion (Rahwan et al., 2003; Marreiros et al., 2007; Hernández et al., 2014;
Rossi et al., 2016). Multi-agent systems have been widely used in the
last decades (Cao et al., 2013; Jennings et al., 1998). The level of auton-
omy associated with agents, their abilities to interact/communicate,
as well as their capability to exhibit "behaviors" are highly praised fea-
tures in ever more distributed environments (Ito and Shintani, 1997;
Jennings and Wooldridge, 1998; Van der Hoek and Wooldridge, 2008).
Many approaches have been put forward in literature, where agents
are defined with characteristics that set them apart from each other
(Allbeck and Badler, 2002; Badler et al., 2002; Velsquez, 1997; Zam-
firescu, 2003). Also under the topic of group decision-making several
works with agents have been proposed (Aronson et al., 2005; Olfati-
Saber et al., 2007), some of which used agents as a way to repre-
sent decision-makers/experts (Carneiro et al., 2017b; Palomares et al.,
2014; Santos et al., 2009). This representation of decision-makers al-
lows the systems to become more intelligent and dynamic, given
they are capable of dealing with aspects of great relevance in face-
to-face type meetings. Also, multi-agent systems have been used to
plan meetings (Ephrati et al., 1994; Garrido and Sycara, 1996; Sen and
Durfee, 1994; Ramos et al., 2010).
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More recently, studies that seek to incorporate typical attributes of
affective context in GDSS started to appear (Marreiros et al., 2010;
Freitas et al., 2013; Hariharan and Adam, 2015). Attributes such as
mood, personality and emotions, are embedded in agents so they op-
erate as most similarly as possible as the participant they represent
(Recio-García et al., 2013). Marreiros et al. (2010) conducted experi-
ments that showed agents with emotions can reach a consensus faster
than agents without an emotional component. This is one of the most
recent research areas in the GDSS world, and is still in an affirmation
phase.

2.1.2 Multi-Criteria Decision Problems

Multi-criteria decision problems are complex problems. In situations
where multiple criteria are involved, confusion can arise if a well-
structured and logical decision-making process is not followed. An-
other difficulty in decision-making is that a consensus in a multidis-
ciplinary group can be very hard to attain. By using Multi-Criteria
Decision Analysis, participants do not need to agree in the criteria
relative importance or in the alternatives position (Chen, 2000). Each
participant inserts his opinions, making a distinct and identifiable
contribution to a joint conclusion. Examples of multiple criteria prob-
lems are:

• The purchase of a car, in which the criteria can be the price,
color, power, brand prestige, design, warranty period, extras,
and the engine, among others;

• The purchase of a house, in which the criteria can be the price,
areas, construction quality, builder trustworthiness, extras, and
the surrounding space, among others.

There are several situations where humans express their prefer-
ences aiming to make good decisions (Sedki and Delcroix, 2010), but
the major problem in modelling the humans’ preferences is that they
become increasingly complex (Herrera and Herrera-Viedma, 2000):
the considered criteria are generally in conflict and the number of
available alternatives is too large. MCDA methods have been devel-
oped in order to efficiently solve these complex decision problems.

Many decision problems require reasoning on preferences under
uncertainty. In classic decision theory, these problems are formulated
in quantitative frameworks where preferences are expressed by a util-
ity function, while uncertainty is represented by a probability dis-
tribution (or belief and capacity functions) on a set of alternatives.
An alternative with an expected maximum utility value is consid-
ered the best. Examples that contemplate these approaches are pro-
posed by Savage (1972) and Von Neumann and Morgenstern (2007).
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These approaches require users to express their preferences in a nu-
merical setting. The qualitative representation of preferences has at-
tracted the attention of several Artificial Intelligence approaches (for
example: Boutilier (1994); Dubois et al. (2002); Boutilier et al. (2004);
Gonzales and Perny (2004)), whose sole requirement is to specify the
alternatives order of preference. Even if those qualitative and quanti-
tative approaches are efficient, most of them are not easily applicable.
Quantitative representations of preferences are known to be incon-
sistent and significantly more onerous to the user than qualitative
representations. Qualitative representations are often limited to some
specific types of preferences, although there are numerous types of
preferences (Boolean, conditionals, etc.). The vast majority of existing
approaches only consider preferences related to the decision and no
other important issues of personal context.

MCDA methods are one of the techniques used to support the
decision-making process. MCDA is considered appropriate to deal
with conflicting opinions and also qualitative and quantitative ob-
jectives (Ram et al., 2011; Golmohammadi and Mellat-Parast, 2012).
MCDA provides a framework which deals with complex decision
problems. In order to reach a consensus, a MCDA framework al-
lows decision-makers to share information through problem config-
urations (Dehe and Bamford, 2015; Marreiros et al., 2004; Carneiro
et al., 2016a). Throughout the last decades, a wide variety of ana-
lytical models have been proposed in literature (Tavana et al., 2010).
Some of the most acknowledged MCDA methods in literature are:
ER, ELECTRE, PROMETHEE, AHP, ANP, TOPSIS, MACBETH (Greco
et al., 2005). Even though there is a very decent amount of work pro-
posed under the topic of MCDA, the issues associated to MCDA are
easy to identify. Tavana et al. (2010) have identified certain issues
such as: deficiencies when considering objective and subjective cri-
teria, imprecise information due to the lack of the decision-makers’
expertise, unavailability of data and time constraint, among others.
Besides these issues, we can still include the lack of information
about each decision-maker (Nattrass, 2007), the difficulty or impos-
sibility for each decision-maker to express how he intends to face
the decision-making process (Rahim and Magner, 1995) and the diffi-
culty (the cost) associated to the problems’ configuration (Dehe and
Bamford, 2015).

2.1.3 Group Decision Support Systems Nowadays

As we have seen, GDSS have been widely studied throughout the
last decades to support groups in the decision-making process (De-
Sanctis and Gallupe, 1984; Desanctis and Gallupe, 1987; Gray, 1987;
Marakas, 2003). However, in the last ten/twenty years, we have seen a
remarkable change in the context where the decision-making process
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happens, especially in large organizations (Chen et al., 2007; Grudin,
2002). With the emergence of global markets, the growth of multi-
national organizations and a globalist view of the planet, we can
easily find decision-makers (chief executive officers, managers and
other members of global virtual teams) spread around the world, in
countries with different time zones (Shum et al., 2013). Moreover, to
support the group decision-making process in this context is espe-
cially complex due to the decision-makers being geographically dis-
persed. This can lead to additional problems: failure to communicate
and retain contextual information, unevenly distributed information,
difficulty to communicate and to understand the salience of informa-
tion, differences in the speed of access to information, and difficulty
to interpret the meaning of silence (Bjørn et al., 2014); and to deal
with temporal issues, which can originate: ambiguity, conflicting tem-
poral interests and requirements, and scarcity of temporal resources
(McGrath, 1991; Légaré and Witteman, 2013). To provide an answer
and operate correctly in this type of scenarios, the traditional GDSS
have evolved to what we identify today as Ubiquitous/Web-based
GDSS (Alonso et al., 2010; Kwon et al., 2005; Marreiros et al., 2010;
Morente-Molinera et al., 2016). The idea behind the Web-based GDSS
is to support the decision-making process "anytime" and "anywhere"
(Santos et al., 2006; Shim et al., 2002), and to help deal with some of
the referred problems. Next are described some recent works under
the GDSS:

Choi (2008) published a paper where he introduced a new Aggre-
gation based on Situation Assessment (e-ASA) algorithm. His main
objective was to reflect the cultural differences in the GDSS design.
He claims that although there are a lot of papers in literature show-
ing the importance of cultural factors, most of them did not address
this problem. The algorithm is based on a fuzzy situation assessment
model to reflect a decision situation in the aggregation process, mak-
ing an adaptive aggregation result between the two extremes: min
(the most pessimistic opinion) and max (the most optimistic opinion).
This result depends on the value of parameter representing a degree
of decision situation that is expressed by group members. He consid-
ers that his algorithm can be used to reflect cultural differences in
GDSS design.

Miranda et al. (2008) presented a scientific work where they devel-
oped a simulated medical practice scenario for intelligent decision
support in the area of staging of cancer. The decisions were taken in
the context of a group meeting in order to facilitate the collaborative
work. They used agents that could exchange and store information
to reflect the real participants. The system emulated the TNM (Classi-
fication of Malignant Tumors) cancer staging system, increasing per-
formance and eliminating paper circulation.
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Tavana et al. (2013) brought to us a very relevant and practical
work where they proposed a GDSS for the evaluation of alternative
pipeline routes to transport oil and natural gas from the Caspian Sea
to other distant regions. They decompose the route selection pro-
cess into manageable steps. They combine Strength, Weakness, Op-
portunity and Threat (SWOT) analysis with the Delphi method to
capture the decision-makers’ beliefs. They also used a model called
Preference Ranking Organization Method for Enrichment Evaluation
(PROMETHEE) to integrate the decision-makers’ beliefs with subjec-
tive judgments and identify the most attractive pipeline route. They
claim that their system encourages decision-makers to think systemat-
ically and carefully consider environmental complexities and uncer-
tainties. They see the incorporation of simulation and optimization
methods in the GDSS as future challenges.

Chakraborty et al. (2013) presented a case study of a group
decision-making process using the Analytic Hierarchy Process (AHP)
to consider the preference intensity of individual voters. This model
intends to represent the decision-makers’ preferences taking into ac-
count the preferences’ different intensities. They consider that one of
the actual flaws of this approach is that all the alternatives can be-
come unsuitable to a given problem, making it impossible to reach a
solution. On the other hand, the fact that this model has a low com-
putational cost is a great advantage.

Efremov and Lotov (2014) recently published a paper where they
presented an experimental study of a new Web-based system called
Group Remote Asynchronous Screening Support (GRASS). They
used interactive decision maps and the reasonable goals method in
remote asynchronous group decision-making. They used the reason-
able goals method so that an individual could select a small num-
ber of alternatives for subsequent ranking. They claim that GRASS
produces good results when used by someone familiar with the pro-
cedure. However, the non-experienced people failed to use GRASS
without the help of an instructor.

Monteban (2014) addressed a very interesting work about how
GDSS can facilitate and help the organizations. They performed a
good literature review about the thematic and made an experiment
to test whether the use of a GDSS increases the quality of a brain-
storm session. Although they consider that GDSS promise very po-
tential, they did not find any evidences to assert the GDSS increased
the quality of brainstorm sessions.

Oztaysi (2015) proposed the use of an approach that consists on
AHP and on interval type-2 fuzzy sets. They consider that the use of
interval type-2 fuzzy sets allows a greater flexibility when compared
to the type-1 fuzzy set, being more suitable to represent uncertainties.
They conducted a case study using an Enterprise Information System
(EIS) selection problem which is no more than a Multi-Criteria Prob-
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lem, since it contains various and conflicting criteria. They consider
that the proposed approach allows a better representation of the un-
certainties due to the use of the trapezoidal interval type-2 fuzzy sets,
leading to the achievement of more reliable results. No information is
given regarding the capacity of the approach to enhance the quality
of the decision.

Tayyebi et al. (2016) described the SmartScapeTM which is a Spatial
Decision Support System (SDSS). SmartScapeTM helps policymakers
to evaluate the consequences of crops changes in several ecosystems
(agricultural fields). This SDSS has a web-based architecture allow-
ing the typical availability of a web-based application. SmartScapeTM
uses spatial and temporal data from a variety of sources to help pol-
icymakers make better decisions. Basically, the architecture of this
system relies on 3 large pillars which allow: (1) the integration of
various open-source software to build a user-friendly web client; (2)
the integration of several data (spatial and temporal) and environ-
mental models, creating an interactive environment so that the stake-
holders (with different needs and expertise levels) can build crop
change scenarios; (3) the stakeholders to identify and assess poten-
tial crop change policies by visualizing offsets among the various
ecosystems within a reasonable period of time. They concluded the
system proved to be an effective tool to demonstrate the possible con-
sequences of crop changes. One of the advantages of this system is
that it does not depends on a GIS (Geographic Information System)
as most of the existing SDSS.

Morente-Molinera et al. (2016) developed a web platform and an
Android application decision support system applied to the prob-
lem of choosing a wine. The presented approach allows the decision-
makers to contribute to the decision process even if geographically
dispersed, and to access expert’s information in real time. This ap-
proach uses linguistic modelling to facilitate the evaluation of pref-
erences. Several technics were combined to develop the two appli-
cations: a fuzzy wine ontology, group decision-making supporting
algorithms and the fuzzyDL reasoner. The users only need to be con-
nected to the internet to use the application.

2.1.4 Summary and Discussion

A change to the development and conception of GDSS has been veri-
fied in the most recent approaches: there is a concern to adapt the new
approaches to the needs of the actual decision-makers (as previously
referred), and therefore, many of them are Web-based. In addition,
there is also a need to work on how the problems are set up, that is,
in the last 10 years there has been a need to work the way the decision-
maker (user of the system) interacts with the system, namely in the
problem’s configuration process. Another relevant point is the fact
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that some (few) approaches already treat the group decision-making
process as a continuous process, allowing the decision-makers to ma-
ture ideas and consequently make new configurations. There is also a
different sensitivity on the part of the researchers, which causes them
to increasingly begin to consider cultural and affective/emotional as-
pects, among others.

Regarding the techniques and algorithms used to support the deci-
sion process, it was verified that most of the proposals used MCDA
methods, being AHP one of the most used. However, those proposals
are restrictive in that they do not allow the addition of new informa-
tion or justification of positions, as is the case of argumentation-based
negotiation models. The number of recent GDSS proposals that use
argumentation-based negotiation models is very reduced. Many of
them have focused on the use of linguistic models and fuzzy prefer-
ence relations to facilitate the modeling of uncertainty.

Table 3 presents the result of the bibliographic analysis of a set
of GDSS papers published in the last 10 years, including the works
described in Section 2.1.3. For each publication it is referred: the type
of approach used (e.g.: the MCDA method, automatic negotiation
mechanism, or another), if the proposed approach is Web-based or
not (W.), if affective or cognitive aspects are contemplated (A.), if
attention is given to the cost of configuring the problem (e.g.: ease of
expression of preferences and low number of required configurations)
(C.), and finally, if the decision is seen as a process or not (P.). For non-
applicable situations a "X" is used.

As already mentioned, it is possible to verify in Table 3 that there
is a great deal of concern in developing GDSS that support the "any-
time" and "anywhere" decision process. However, it also appears that
the vast majority of proposals seek to do so using MCDA methods.
Although the great advantages of using approaches to justify posi-
tions and preferences (such as argumentation-based negotiation mod-
els) are consensual, the number of GDSS proposals that include this
type of approach is very small. As will be seen in Section 2.3, we
can assume that it can be due to its complexity, since there are re-
searchers of argumentation models who point out as future work the
expansion of their proposals so that they can be used by more than
2 agents. Among the most used MCDA methods, AHP and TOPSIS
have a special emphasis, being the performed case study, presented
in Section 3.4, compared to those 2 methods. It is also important
to highlight the recent great interest in investigating SDSS, which
demonstrate great application potentialities. Increasingly, researchers
are focusing on facilitating the problem configuration process. This
situation can be analyzed by 2 points of view: first, there is an in-
terest in everything that can affect the usability of the applications,
and therefore, it is intended to reduce the cost of configuration in or-
der to avoid saturation by the users of the systems (decision-makers);
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Table 3: Publications under the topic of GDSS in the last 10 years.
Publication Approach W. A. C. P.

Choi (2008) Aggregation based on
Situation Assessment

X Yes No Yes

Boran et al. (2009) Intuitionistic fuzzy
multi-criteria group
decision-making with
TOPSIS method

X No Yes No

Eldrandaly (2010) Integrated GIS with
GEP (Gene Expression
Programming)

X No Yes Yes

Banias et al. (2011) MILP (Mixed Integer
Linear Programming)
model

Yes No Yes X

Ebrahimnejad et al. (2012) Two-phase group
decision making approach
(modified ANP and VIKOR)

X Yes Yes No

Lin et al. (2012) Interactive Meta-Goal
Programming (IMGP) and
Delphi method

Yes No No Yes

Palomares et al. (2013) Consensus support system Yes Yes Yes Yes
Wibowo and Deng (2013) An interactive consensus

building algorithm
X No No Yes

Tavana et al. (2013) SWOT analysis, Delphi
method, PROMETHEE and
Geometrical Analysis for
Interactive Assistance (GAIA)

No No Yes Yes

Cabrerizo et al. (2014) Granular fuzzy preference
relations

X No No No

He et al. (2014) Service Oriented GDSS Yes No No Yes
Li et al. (2014) Intelligent clustering algorithm

(Partitioning Around Medoids)
and Particle Swarm Optimization
to adjust evaluation values
automatically

Yes No Yes Yes

Kar (2015) Consensus oriented approach
using fuzzy set theory, AHP and
neural networks

No No No No

Oztaysi (2015) AHP and Interval type-2
fuzzy sets

X No Yes No

Jelokhani-Niaraki and Malczewski (2015) GIS and OWA (Ordered
Weighted Averaging)

Yes No Yes No

López et al. (2016) Order-based consensus model
for collaborative groups (fuzzy
outranking relations to model
preferences)

Yes No Yes Yes

Tayyebi et al. (2016) Spatial Decision Support
System

Yes No Yes Yes

Morente-Molinera et al. (2016) Fuzzy Ontology Yes No Yes Yes
Tafreshi et al. (2016) Three MCDM methods

(DEMATEL, ANP and VIKOR)
No No No No

Chai and Ngai (2016) Proposed a conceptual design
for argumentation models

Yes No No Yes

Qin et al. (2017) An extension of TODIM method
under interval type-2 fuzzy
environment

X No Yes No

Le Pira et al. (2017) Combination of AHP with
Delphi method

Yes No Yes Yes

Urtiga et al. (2017) Voting procedure Yes No Yes Yes
Soto et al. (2017) Fuzzy aggregation algorithm X Yes Yes Yes
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second, there is a concern about whether decision-makers are able
to correctly express their preferences through the settings that are
asked of them. It was also verified that the number of works under
the topic of GDSS that include affective/cognitive issues is still very
small, despite the fact that the consideration (in a consensual way) of
these aspects is important in the group decision-making process. One
of the reasons may be due to the number of models with existing
scientific validation is too small.

Finally, it was verified that there is an increasing interest in per-
forming a decision-making process, in the sense that it is necessary to
involve the decision-makers in the process, allowing them to reconfig-
ure their preferences and have time to perceive "what is happening".
This does not combine very well with the use of MCDA methods,
since the type of information reported to decision-makers is poorer
when compared to approaches that justify the reason why certain
actions and decisions are taken, impoverishing the process.

2.2 affective computing

Affective computing is a multidisciplinary field encompassing com-
puter science, engineering, psychology, education, neuroscience, and
many other disciplines (Calvo et al., 2015). Poria et al. (2017) say, "af-
fective computing is the set of techniques aimed at performing affect
recognition from data, in different modalities and at different gran-
ularity scales". It expands the interaction between human and com-
puter through the inclusion of emotional communication along with
the necessary means to understand the information derived from af-
fectivity (Picard, 1999). It dwells on problems where "computing that
relates to, arises from, or influences emotions" (Picard, 1997). The es-
sential role of emotion in both human cognition and perception, as
demonstrated by neurological studies, indicates that affective comput-
ers should not only provide better performance in assisting humans,
but also enhance the computers’ abilities to make decisions (Picard,
1995). The most recent studies indicate that emotions play an essen-
tial role in decision-making, perception, learning and in a variety of
other cognitive functions. The emotional aspects are not limited to
art, entertainment and social interaction; they strongly influence the
rational thinking mechanisms. The common sense emphasizes that
excessive emotions can impair the decision-making process, but other
scientific evidences show that the absence of emotions is also preju-
dicial (Picard, 1999). Due to its great potential in the construction of
human-computer interfaces, affective computing has gained a lot of
popularity in the last two decades (Picard, 1997; Tao and Tan, 2005).
According to Serbedzija and Fairclough (2009), one of the affective
computing purposes is to conceive a system that responds, in real
time, to changes in the user’s affectivity (e.g.: joy, sadness, etc.), cogni-
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tion (e.g.: frustration, boredom, etc.) and motivation, in a rational and
strategical way, such as: voice represented, facial expressions, physi-
ological signs, neurocognitive performance and multimodal combi-
nation. Affective computing potential applications include: Learning,
Affective Gaming, Robotics, Healthcare and Behavioral Informatics
(Wu et al., 2010). It is consensual that affective computing is an emerg-
ing field of research capable of enriching systems, making them more
and more intelligent and reaching a series of new possibilities that un-
til now were only possible in sci-fi films (Poria et al., 2017). However,
for affective computing to be accepted in the consumers’ market, it is
necessary to be aware of several issues, such as: cross-cultural issues,
standardization, ethical, legal and social implications (Schuller, 2017).

This section describes relevant issues in affective computing, ad-
dressing topics such as personality traits and styles of behavior (per-
sonality, conflict styles, behavior styles), affect (emotion, mood), and
decision satisfaction, always from a computational point of view. Ex-
isting models are described and analyzed for each topic, and how
they have been applied is also considered.

2.2.1 Personality traits and styles of behavior

Personality is not the only factor responsible for defining the actua-
tion mode of an individual. There are other factors like motivation
and personal interests. In addition, to use an agent to represent a
decision-maker such as he is, may not be what a decision-maker re-
ally wants. An exact representation can be spectacular in some situa-
tions, but not in others. Depending on the context, it may make sense
to represent a decision-maker for what he is, for what he is meant to
be, or a junction of the two. Therefore, in addition to the topic of per-
sonality, this subsection also addresses styles of behavior adaptable
to the decision-making context.

2.2.1.1 Personality

Personality can be defined as a mark that represents a particular in-
dividual, distinguishing him from the others. This mark is composed
by a set of characteristics that establish the person’s behavior in a per-
sonal and social context. The path taken, as well as the surrounding
environment during the individual’s life, are crucial for the formation
of his personality (Allport, 1961). All these variables make a person
unique. Therefore, all individuals have their own personality. It is this
personality which defines them that is responsible for imposing limi-
tations in social relationships, as well as passing each one’s image in
interpersonal relationships (Higgins, 1990). The study of personality
is defined as the scientific study of behavior and mental processes.
Psychologists who study personality aim to characterize it based on
the behavior pattern of an individual in order to explain the reac-



30 background

tions to his own environment. There are various psychological theo-
ries on personality that differ in the importance given to the: past and
present, consciousness and unconsciousness, directly and not directly
observable. Most personality definitions try to emphasize the unique
qualities that distinguish an individual (Li et al., 2007). However, it
should be noted that this field is not a consensual matter at all. Many
definitions and concepts have appeared throughout history, seeking
to impose a terminology capable of defining what personality is and
in what it consists. Pasquali (2000) even says that the term "person-
ality" is so wide in its meaning, or rather so vague, that each psy-
chologist practically understands it on his own way. In order to solve
this problem, many psychologists choose to denominate personality
as temperament, being temperament slightly different from person-
ality but with a less ambiguous definition. Temperament has been
considered as a synonym of the individual differences in the humans’
behavior (Pasquali, 2000; Chess, 1995). In the temperament area, Jung
(1971) developed two psychological dimensions that are still of great
utility in psychology today: the dimension of types and the dimen-
sion of functions. Jung’s theory of psychological types (Jung, 1971)
can be characterized by their preference of general attitude: Extraver-
sion and Introversion, both with great relevance in current research
studies. Relatively to functions, there are four that stand out and that
also have been receiving attention: thinking, feeling, sensing and in-
tuition. Jung characterizes these psychological dimensions as follows:

• Extraversion: libido orientation towards the exterior; positive
movement of the individual relatively to the object; the object
becomes the individual’s active (search for the object) and pas-
sive (the object imposes itself) focus of interest;

• Introversion: libido orientation towards the interior; negative
movement of the individual relatively to the object; the oneself
becomes the individual’s active (seeks for reclusion) and nega-
tive (becomes unable to reach the object) focus of interest;

• Thinking: conceptual representation of reality (intellectual rep-
resentation). It can be: active (rational, conscious), called intel-
lect and consists in the search for that representation; or passive
(irrational, unconscious), called intellectual intuition and con-
sists in the imposition of that representation even against the
individual’s will;

• Feeling: to react towards reality as a value, implying acceptance
or rejection. It can be seen as active, while seeking to valorize
reality, or passive, while imposing it as a positive or negative
value. The feeling with organic reactions is called affection;
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Table 4: Personality creating factors (adapted from Pasquali (2000)).

Human-being Cognize Feel Act

Physical Sensation Emotion Instinctive act
Psychological Thought Feeling Free acts
Spiritual Contemplation Mystical union Agape

• Sensing: to understand reality in a sensory way (extern and in-
tern). It is the sensory representation of reality; it is an irrational
function;

• Intuition: unconscious perception of a global reality; like
sensing it is an irrational function.

This psychoanalytic dogma in which Jung invested resulted in a
set of interesting distinctions, that even seeming confusing and not
very differentiated, are a great contribute to the creation of a typol-
ogy of temperaments. When seeking to conceptualize temperament,
psychologists consider mainly two axes: physical and psychological
(some works also consider a spiritual axis). The physical axis follows
two lines in the types or temperaments development: the mood-based
typologies and the physical body typologies or morphological typolo-
gies (Pasquali, 2000). The psychological axis is based on psychological
characteristics of the human personality, being the study of defini-
tions on psychological types a growing interest. Table 4 exposes what
Pasquali (2000) defends as the factors that create personality.

The study of the psychological axis, which is considered here as
personality, is the most relevant to the objectives of this thesis. Some
studies show that integrating personality and emotions in intelligent
agents will convey a greater credibility to users (Huang et al., 2004).
It is starting to become a general opinion, inclusively the one of
De Rosis and Castelfranchi (1999), that personality affects the human-
machine interaction. This interaction is affected in two ways. On one
hand, computers exhibit a personality through their communication
style. This personality is perceived by users and can affect usability.
On the other hand, even the most superficial manipulations in the in-
terface are sufficient to exhibit personality with powerful effects (Nass
et al., 1995). These effects will grow considerably with agent-based in-
teractions (De Rosis and Castelfranchi, 1999).

There are not many personality models in literature, and the
acceptance level of most of them is not significantly relevant to be
considered here. The two most relevant are presented next. The
first model is considered in literature as the personality model main
reference. The second model is also of great relevance although not
comparable to the first.
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The Big Five

While a personality theory that can be universally accepted is not
defined, The Big Five or OCEAN (Openness, Conscientiousness, Ex-
traversion, Agreeableness, Neuroticism), also known as the Five Fac-
tor Model (FFM), is the model with most acceptance. The FFM is a
personality traits type of taxonomy defended by several psychologists
(John and Srivastava, 1999) and can capture the essential differences
of each individual in terms of personality. This model is composed of
five great factors, or dimensions, representing personality (Howard
and Howard, 1995) and was developed through lexical analysis. In
this model, the most comprehensive empirical form capable of defin-
ing an individual’s personality is considered.

The FFM was introduced for the first time in 1933, by the president
of the American Psychological Association, L.L. Thurstone. The five
factors/traits are: Openness, Conscientiousness, Extraversion, Agree-
ableness, and Neuroticism, and can be characterized in the following
way:

• Openness: adventurer, ideas out of the ordinary, curiosity, vari-
ety in experimentations;

• Conscientiousness: tendency to show self-discipline, objectives
achievement, schedules;

• Extraversion: energy, positive emotions, tendency to seek the
company of others;

• Agreeableness: tendency for compassion and cooperation;

• Neuroticism: tendency to easily express unpleasant emotions
such as: anger, anxiety, depression or vulnerability.

Table 5 shows the characteristics of each trait.
Howard and Howard (1995) argue that in modern psychology,

personality is specified as a function of thirty attributes where each
one is denominated as a personality facet. The personality facets are
grouped in five groups: the personality traits. The five personality
traits are the ones referred previously in the FFM. The value of each
personality trait is determined by the value of its six facets. Each
of the five personality groups is referred by a letter: O – Openness;
C – Conscientiousness; E – Extraversion; A – Agreeableness; N –
Neuroticism. Table 6 presents the six personality facets for each
one of the five personality traits. Despite all the acceptance that
this Five Factor Model presents in literature, note that it is not
perfect. Anyway, it is not a theory, but a very relevant taxonomy in
personality description.
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Table 5: Most consensual terms to describe the FFM’s personality factors.

Low High

Extraversion Quiet, Reserved
Shy, Silent
Withdrawn, Retiring

Talkative, Assertive
Active, Energetic
Outgoing, Outspoken
Dominant, Forceful
Enthusiastic, Show-off
Sociable, Spunky
Adventurous, Noisy
Bossy

Agreeableness Fault-finding, Cold
Unfriendly, Quarrelsome
Hard-hearted, Unkind
Cruel, Stern
Thankless, Stingy

Sympathetic, Kind
Appreciative, Affectionate
Soft-hearted, Warm
Generous, Trusting
Helpful, Forgiving
Pleasant, Good-natured
Friendly, Cooperative
Gentle, Unselfish
Praising, Sensitive

Conscientiousness Careless, Disorderly
Frivolous, Irresponsible
Slipshot, Undependable
Forgetful

Organized, Thorough
Planful, Efficient
Responsible, Reliable
Dependable, Conscientious
Precise, Practical
Deliberate, Painstaking
Cautious

Neuroticism Stable, Calm
Contented, Unemotional

Tense, Anxious
Nervous, Moody
Worrying, Touchy
Fearful, High-strung
Self-pitying, Temperamental
Unstable, Self-punishing
Despondent, Emotional

Openness Commonplace
Narrow interests, Simple
Shallow, Unintelligent

Wide interests, Imaginative
Original, Insightful
Curious, Sophisticated
Artistic, Clever
Inventive, Sharp-witted
Ingenious, Witty
Resourceful, Wise
Logical, Civilized
Foresighted, Polished
Dignified
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Table 6: Professional development Version of the Five Factor Model
(adapted from Howard and Howard (1995)).

Level Low Medium High

Factor 1: Negative
Emotionality

Resilient (N-) Responsive (N) Reactive (N+)

Facets:
N1: Worry
N2: Anger
N3: Discouragement
N4: Self-consciousness
N5: Impulsiveness
N6: Vulnerability

More calm (N1-)
Slow to anger (N2-)
Seldom sad (N3-)
Seldom embarrassed (N4-)
Seldom yielding (N5-)
Stress resistant (N6-)

Worried/calm (N1)
Some anger (N2)
Occasionally sad (N3)
Sometimes embarrassed (N4)
Sometimes yielding (N5)
Some stress (N6)

More worried (N1+)
Quick to anger (N2+)
Often sad (N3+)
Easily embarrassed (N4+)
Often yielding (N5+)
Stress prone (N6+)

Factor 2:
Extraversion

Introvert (E-) Ambivert (E) Extravert (E+)

Facets:
E1: Warmth
E2: Gregariousness
E3: Assertiveness
E4: Activity
E5: Excitement-seeking
E6: Positive emotions

Aloof (E1-)
Prefers alone (E2-)
In background (E3-)
Leisurely (E4-)
Low need thrills (E5-)
Seldom exuberant (E6-)

Attentive (E1)
Alone / others (E2)
In foreground (E3)
Average pace (E4)
Occasional need for thrills (E5)
Moderate exuberant (E6)

Cordial (E1+)
Prefers company (E2+)
A leader (E3+)
Vigorous (E4+)
Craves thrills (E5+)
Usually cheerful (E6+)

Factor 3:
Openness:

Preserver (O-) Moderate (O) Explorer (O+)

Facets:
O1: Fantasy
O2: Aesthetics
O3: Feelings
O4: Actions
O5: Ideas
O6: Values

Here and now (O1-)
Uninterested in art (O2-)
Ignores feelings (O3-)
The familiar (O4-)
Narrow focus (O5-)
Conservative (O6-)

Occasionally imaginative (O1)
Moderate interest in art (O2)
Accepts feelings (O3)
A mixture (O4)
Moderate curiosity (O5)
Moderate (O6)

A dreamer (O1+)
Major interest in art (O2+)
Values all emotions (O3+)
Variety (O4+)
Broad intellectual curiosity (O5+)
Open to new values (O6+)

Factor 4:
Agreeableness

Challenger (A-) Negotiator (A) Adapter (A+)

Facets:
A1: Trust
A2: Straightforwardness
A3: Altruism
A4: Compliance
A5: Modesty
A6: Tender-mindedness

Skeptical (A1-)
Guarded (A2-)
Uninvolved (A3-)
Aggressive (A4-)
Superior (A5-)
Hardheaded (A6-)

Cautious (A1)
Tactful (A2)
Willing to help others (A3)
Approachable (A4)
Equal (A5)
Responsive (A6)

Trusting (A1+)
Frank (A2+)
Eager to help (A3+)
Defers (A4-)
Humble (A5+)
Easily moved (A6+)

Factor 5:
Conscientiousness

Flexible (C-) Balanced (C) Focused (C+)

Facets:
C1: Competence
C2: Order
C3: Dutifulness
C4: Achievement striving
C5: Self-discipline
C6: Deliberation

Unprepared (C1-)
Unorganized (C2-)
Casual about obligations (C3-)
Casual about success (C4-)
Distractible (C5-)
Spontaneous (C6-)

Prepared (C1)
Half-organized (C2)
Covers priorities (C3)
Serious about success (C4)
Mix of work and play (C5)
Thoughtful (C6)

Capable (C1+)
Well-organized (C2+)
Strong conscience (C3+)
Driven to succeed (C4+)
Focused on work (C5+)
Careful (C6+)
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The Big Five Inventory

The Big Five Inventory (BFI) is a questionnaire, created by John et al.
(1991), that allows the quantification of the five personality dimen-
sions, so that they can be studied and identified. Its purpose is to be
a short questionnaire that allows the evaluation of the five person-
ality dimensions in an efficient and flexible way, being composed of
44 questions. In order to calculate the personality of a certain user,
he/she needs to answer the 44 questions using a five-point Likert
scale. The questions are used to calculate each FFM personality trait,
Openness (O), Consciousness (C), Extraversion (E), Agreeableness (A)
and Neuroticism (N), according to the calculation formula:

∀x ∈ (O,C,E,A,N) f(x) =

{∑n
i=1 responsei∑n

i=1 maxi

Where n is the total questions for each trait, response is the set of
possible responses, responsei is the response value given by the user
to the question, and maxi is the maximum possible value for that
question. Each trait’s corresponding questions are:

O: 5; 10; 15; 20; 25; 30; 35R; 40; 41R; 44

C: 3; 8R; 13; 18R; 23R; 28; 33; 38; 43R
E: 1; 6R; 11; 16; 21R; 26; 31R; 36

A: 2R; 7; 12R; 17; 22; 27R; 32; 37R; 42

N: 4; 9R; 14; 19; 24R; 29 34R; 39

The calculation of personality is very simple, by simply adding the
responses values for each personality trait. The only exception is
when the question number is followed by an "R", which means the
score needs to be reverted. Since the responses vary between the
minimum value 1 and the maximum 5, for example, if a user scores
all questions with the lowest value (1), the result would be:

O: 1+1+1+1+1+1+5+1+5+1
10∗5 = 0, 36

C: 1+5+1+5+5+1+1+1+5
9∗5 = 0, 56

E: 1+5+1+1+5+1+5+1
8∗5 = 0, 5

A: 5+1+5+1+1+5+1+5+1
9∗5 = 0, 56

N: 1+5+1+1+5+1+5+1
8∗5 = 0, 5

The user’s type of personality is found after calculating the personal-
ity traits value (O: 0,36; C: 0,56; E: 0,5; A: 0,56; N: 0,5).

There are other approaches (not many) that allows the quantifica-
tion of the five personality dimensions using questionnaires with less
questions (Gosling et al., 2003; Rammstedt and John, 2007). These
approaches proved to achieve acceptable results, however, the studies
demonstrated substantial losses in comparison to the full-scale BFI.
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PEN Model

This model also presents some relevance in literature, albeit not com-
parable to the FFM. It was developed by Eysenck (1991), who was
a great opponent to the FFM. Eysenck claims that the FFM model
presents dimensions that overlap. So, he proposed the use of only
three super factors (dimensions) in his model. In the FFM, all dimen-
sions are at the same hierarchical level as opposed to what happens
in the PEN model. In his model, Eysenck considers Psychoticism, Ex-
traversion and Neuroticism as super factors, being at the top of the
hierarchy, followed by traits or factors, which in turn are followed by
habits, and finally, by behaviors. The Psychoticism trait, which does
not appear in the FFM, is associated with psychotic episodes and ag-
gressive behaviors, being the remaining traits compatible with the
ones of the FFM (Extraversion and Negative Emotionality).

2.2.1.2 Models to define conflict and behavior styles

In this subsection, we put forward some models that can be used
by computer scientists to model anthropomorphic agents. A current
problem in the humanization of agents is related to the lack of knowl-
edge that still exists about human psychological functioning, and per-
haps even more so regarding the formalization of such knowledge.
This problem often leaves computer scientists prone to devise strate-
gies that still lack solid scientific validation. In this regard, a greater
investment in multidisciplinary teams becomes of uppermost impor-
tance. Next, we advance some models that, in our view, show the
potential of the adaptation to computational systems, regardless of
whether they are simulators or real systems.

Kilmann and Thomas (1975) suggested a model for interpersonal
conflict-handling behavior, based on Jung’s studies and a conflict-
handling mode proposed by Blake and Mouton (1964), that defines
five modes: competing, collaborating, compromising, avoiding and
accommodating, according to two dimensions: assertiveness and co-
operativeness.

As seen in Figure 2, both the dimensions of assertiveness and coop-
erativeness are related to the integrative and distributive dimensions
as discussed by Walton and McKersie (1965). Integrative dimensions
refer to the overall satisfaction of the group involved in the discussion
while the distributive dimension refers to the individual’s satisfaction
within the group. It is possible to see that the thinking-feeling dimen-
sion maps onto the distributive dimension while the introversion-
extraversion dimension maps onto the integrative dimension. This
association becomes more evident if we conceive competitors as the
ones who seek the highest individual satisfaction and collaborators as
the ones who prefer the highest satisfaction of the entire group. On
the other hand, avoiders, do not worry about group satisfaction and
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Figure 2: Thomas and Kilmann’s model for interpersonal conflict-handling
behavior (adapted from Kilmann and Thomas (1975)).

accommodators do not worry about individual satisfaction. They also
concluded that the thinking-feeling dimension did not move towards
the integrative dimension, and that the introversion-extraversion did
not overlap with the distributive dimension.

McCrae and John (1992) proposed a set of thirty traits extending
the five-factor model of personality which included six facets for each
of the factors. These traits were used in a study made by Howard
and Howard (1995) in order to help them separate different kinds of
behavior styles and identify corresponding themes. They defined a
theme as "a trait which is attributable to the combined effect of two
or more separate traits" (Howard and Howard, 1995). Those styles
and themes are based on common sense and general research, and
can be inferred as the conflict styles that were proposed, (Negotia-
tor, Aggressor, Submissive and Avoider). It is also important to refer
other suggested relevant styles, such as the Decision and Learning
styles. Decision style includes the Autocratic, Bureaucratic, Diplomat
and Consensus themes while Learning style includes the Classroom,
Tutorial, Correspondence and Independent themes.

Rahim (1983) created a meta-model of possible styles for handling
interpersonal conflict based on two dimensions: concern for self and
concern for the other. Later, Rahim and Magner (1995) performed
a study to assess the construct validity of the five subscales of the
Rahim Organizational Conflict Inventory (Rahim, 1983). The styles
defined by Rahim (1983) are presented in Figure 3 and have been
adapted to our problem. Rahim (1983) acknowledges the existence of
5 types of conflict styles: integrating, obliging, dominating, avoiding
and compromising. In this work, he suggested these styles as means
to describe different possible ways of behaving in conflicting situa-
tions. The proposed styles are defined according to the level of con-
cern an individual shows for achieving one’s own goal or following
through on other people’s objectives.
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Figure 3: Rahim’s proposal of conflict styles (adapted from Rahim and Mag-
ner (1995)).

The model proposed by Rahim (1983) also relates to the themes
identified by Howard and Howard (1995) to a certain extent. The Ag-
gressor theme resembles the Dominating style; the Negotiator theme
resembles the Integrating style; the Avoiding theme resembles the
Avoider style; and the Submissive theme resembles the Obliging style.
The main difference is the existence of the Compromising style in the
model proposed by Rahim (1983) which does not relate to a specific
theme. In theory, the Compromising style is an intermediate state be-
tween the other styles that were identified. It is worth noting that in
psychological literature, depending on its scope, even the mere defi-
nition of single behavior styles is often not consensual. For example,
what we conceive as "avoidance" for the sake of the present work may
not reflect the subtleties of the concept as proposed elsewhere. For in-
stance, when it is presented as an attachment style and therefore ren-
dered as multifold. We would then have to consider avoidants that
do not care and also the anxious, preoccupied avoidants that do care
but won’t engage, for regarding their actions as not useful or even as
detrimental to the task in hand (Fraley and Shaver, 2000). Certainly,
these examples and possible ramifications abound for all other behav-
ior styles. Nonetheless, we commit to Rahim’s formulation as a basis
for our work because, more than any other model, it has been largely
grounded in organizational contexts, from which a great part of his
data has sprout. This too is our target of application.

2.2.2 Affect

In this subsection, the topics of emotion and mood are addressed.
Models that allow the computer science researchers to computerize
human affects are presented. According to the Cambridge Dictionary,
affect is defined as "to have an influence on someone or something, or
to cause a change in someone or something". Affect is the experience
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of feeling or emotion. "It is a prepersonal intensity corresponding to
the passage from one experiential state of the body to another and
implying an augmentation or diminution in that body’s capacity to
act" (Shouse, 2005).

2.2.2.1 Emotion

Emotion, in a general definition, is a neural impulse that moves an or-
ganism towards action. Emotion differentiates from feeling because,
as observed by Freitas-magalhães (2013), it is a neuropsycophysiolog-
ical state. Emotions are caused by the interaction of a human-being
with the environment and the others, affecting the decisions and ac-
tions. There are several types of emotions, being the cognitive emo-
tion the most important for this work. Cognitive emotion is related to
knowledge, being actions such as: learning, memorizing, motivating
and planning, considered cognitive processes. It is possible to learn to
control a certain emotion through cognitive evaluation. An individual
is under the effect of a certain emotion during a short period.

It is well known and considered for a long time that emotions play
a fundamental role in humans, and only recently psychologists began
studying emotions as a component that positively affects intelligence
and cognitive aspects (Ekman, 1992). A great set of evidences has
demonstrated that emotions have impact on reasoning, memory and
judging (Li et al., 2007). Damasio (2006) showed that people with de-
ficiencies at the level of the emotional response, generally adopt weak
decisions, severely limiting their interpersonal relationships and their
place in society. Gardner (1987) proposed the concept of "multiple in-
telligences", considering personal intelligence as a specific kind of
intelligence that deals with the interaction and emotions. Later, Gole-
man (1995) used the term "emotional intelligence", recognizing the
current point of view that emotion is really an important part of the
human intelligence.

Lately, the modelling of emotions has had a very strong growth
with respect to their computational representation. The incorporation
of emotions in games and applications enables a more natural inter-
action with the user. Nass et al. (1995) showed in their work that
humans like to communicate with computers in a similar way to that
used to interact with other people. With respect to the application
area of emotions, Kessler et al. (2008) identified three:

• Artificial emotions: can be used to improve problem solving in
complex environments;

• Emotional models: can be used to perform experiments of psy-
chological theories using controlled scenarios;

• Emotions: are fundamental to make computer agents more cred-
ible. Emotional models that are able to synthetize and express
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emotions are needed to make artificial intelligence characters
look more human.

Next, two models that describe emotional processes are presented.
Although the second model is of great relevance, the first model is
the greatest reference to computer science researchers.

OCC (Ortony, Clore and Collins) Model

Many psychologists have proposed models to describe emotional pro-
cesses. One of the most popular is the OCC model, developed by
Ortony, Clore and Collins, deriving its name from their initials, a
model that is widely used to analyze emotions (Ortony et al., 1990).
According to this model, an emotion is triggered as a reaction to:
consequences of events, actions of agents, or aspects of objects. Thus,
emotional perceptions appear related to the objectives, patterns and
preferences of an individual. To calculate the intensity of an emotion,
global variables are considered, such as the sense of reality and prox-
imity, as well as local variables, such as the probability of an event
to occur, the effort to achieve a goal and the possibility to fulfill an
objective. The structure of OCC model is illustrated in Figure 4.

Figure 4: The structure of emotions of the OCC model (adapted from Ortony
et al. (1990)).
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The OCC model also evaluates the preferences and patterns of the
agent. The emotions are generated by the interpretation of the agent
to the reactions to the consequences of the events, actions of other
agents and aspects of the objects. Agents can be people, animals, inan-
imate objects, or abstractions as institutions. Events are how agents
perceive what happens. There are three kinds of value structures un-
derlying the perception of goodness and badness: objectives, norms
and attitudes. Patterns are used to assess the actions of an agent. The
actions of an agent are evaluated according to his obedience to social
norms, morals, or behaviors. Finally, the objects are evaluated as at-
tractive, depending on the compatibility with taste and attitudes of
their attributes.

One of the many practical implementations of the OCC model
was developed by Staller and Petta (1998), who constructed a virtual
agent whose emotional architecture related categories of discrete
emotions to 14 categories of action-response, covering a wide range
of individual actions. The OCC model is also partially congruent
with the renowned theory of Frijda (1986).

Ira Roseman’s Emotional Model

According to this model, emotions are generated based on an event
association procedure (Roseman et al., 1990). Events are divided into
events with consistent motifs and events with inconsistent motifs. The
former are defined as being consistent with the objectives of the in-
dividual, while the latter, the inconsistent, are events that threaten
one of the objectives that the individual proposes to achieve. Events
are further classified according to the cause of the event, and can be
caused by third parties, by the own individual or by circumstance.
Another way to differentiate emotions is that an event was motivated
because the subject wanted a reward or wanted to avoid a punish-
ment. A certainty measure was also used as another way to classify
events: an event may be declared in an unexpected, certain, or uncer-
tain manner, i.e., subject to a valuation.

2.2.2.2 Mood

Mood is a psychological state of an individual that indicates the
degree of his mood and well-being (Mehrabian, 1996), being a way
of representing the emotions felt and the individual’s personality. A
mood is maintained over a period of time until something, such as
the emotions felt, awakens a new mood. A person’s mood influences
his/her decisions and is important in the way he/she analyzes the
received information. There are several models developed to analyze
an individual’s mood, being PAD (Pleasure, Arousal and Domi-
nance), developed by Mehrabian (1995), one of the most popular.
Another model also well cited is PANAS, developed by Watson et al.



42 background

(1988).

PAD (Pleasure-Arousal-Dominance) Model

PAD (Pleasure, Arousal and Dominance) is a model that allows the in-
tegration of personality and emotions in order to know the mood gen-
erated (Mehrabian, 1996). This model defines three dimensions which
describe the emotional state (mood/temperament) of an individual:
pleasant, arousable and dominant (Mehrabian and O’reilly, 1980).
These three dimensions define a three-dimensional space where in-
dividuals are represented as points, personality types as regions and
personality scales as straight lines that cross the intersection point of
the three axes. By using +P, +A, and +D, Mehrabian (1995) refers to
pleasure, arousable, and dominant temperament, respectively, and -P,
-A, and –D, to unpleasant, unarousable, and submissive temperament
(Table 7):

• Pleasure (Pleasure (+P) versus Displeasure (-P)): predisposition
towards positive versus negative affective states;

• Arousal (Arousability, +A versus -A): physical alertness versus
mental alertness;

• Dominance (Dominance (+D) versus Submissiveness (-D)): con-
trol versus lack of control.

Table 7 presents the labels that can be used to describe the resulting
octants of temperament space.

Table 7: Description of various mood states (adapted from Mehrabian
(1996)).

Positive Negative

Exuberant (+P+A+D) Bored (-P-A-D)

Dependent (+P+A-D) Disdainful (-P-A+D)

Relaxed (+P-A+D) Anxious (-P+A-D)

Docile (+P-A-D) Hostile (-P+A+D)

PANAS (Positive Affect – Negative Affect)

PANAS is a model often mentioned in literature capable of measuring
mood, and is used in many research works. Positive Affect (PA) and
Negative Affect (NA) are the scales used in this model. It is composed
by two of ten items of psychometric scales that measure positive af-
fect (the extent to which individual feels attentive, interested, alert,
excited, enthusiastic, inspired, proud, determined, strong, and active)
and negative affect (the extent to which individual feels anguished,
angry, hostile, irritated, scared, afraid, ashamed, guilty, nervous, and
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easily perturbable). PANAS has been demonstrated to be very reli-
able and easy to apply (Watson et al., 1988), being an instrument
frequently used in psychology and other areas (Crawford and Henry,
2004; Mackinnon et al., 1999). Numerical answers are given on a 5-
point Likert scale for the ten items of Positive Affect and for the ten
items of Negative Affect, which are added to obtain a single score for
PA and NA, comprised between 10 and 50.

2.2.3 Decision Satisfaction

Higgins (2000) says that "a good decision has high outcome benefits
(it is worthwhile) and low outcome costs (it is worth it)", and that
"independent of outcomes or value from worth, people experience a
regulatory fit when they use goal pursuit means that fit their regu-
latory orientation, and this regulatory fit increases the value of what
they are doing". With this, it is possible to understand that decision
quality, in the perspective of each participant, is related to what he
considers relevant. Satisfaction is therefore a strong indicator, not only
of the results, but also of the whole decision process. When someone
is questioned about the quality of a decision, the answer does not re-
flect only the assessment of outcomes, but also, even unconsciously,
it includes the evaluation process necessary to reach the decision. To
understand how suitable a decision is, it is necessary to understand
and analyze the means to reach that decision (Beach, 1990; March,
1994). Thus, one should give prominence to the process when draw-
ing conclusions about the results. There is a great variety of factors
affecting the satisfaction of a decision-maker with the decision made
in a meeting: emotional variables (affective components) (Liljander
and Strandvik, 1997; Oliver et al., 1997; Wirtz and Bateson, 1999), the
process (Simon, 1955, 1967), the outcomes (Higgins, 2000), factors that
affect the situation (Bailey and Pearson, 1983) and expectations (Hov-
land et al., 1957; del Bosque et al., 2006). Satisfaction with a decision
resulting from a decision process needs a complex analysis and in-
volves multiple variables. Obviously, satisfaction is related to what
we think a good decision is. But what is a good decision? As pre-
viously referred, in the common sense a decision is considered good
because of the analogy made with the obtained results. However, psy-
chologically, the results are not enough to make a participant consider
a decision as good. Higgins (2000) says that "psychologically, then, a
decision is perceived as good when its expected value or utility of
outcomes is judged to be more beneficial than the alternatives. The
benefits include the social benefits of a decision, such as those re-
ceived from a ’politically correct’ or ingratiating decision. The costs
of attaining the outcomes can also influence whether a decision is
perceived as good. The outcome benefits have to be weighed against
the costs of attaining the outcomes. The costs include not only the
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goods or services one must give in exchange for receiving the benefits
but also the costs of the decision-making process itself. The decision-
making process that would optimize outcomes might not be used be-
cause the costs in cognitive effort or time are too high". Therefore, it is
clear that there is much more than knowing if the chosen alternative
is the participant’s favorite in order to evaluate his satisfaction with
the decision. It has been suggested that a purely cognitive approach
may be inadequate in modeling satisfaction ratings, so it is particu-
larly important to include emotional variables (Liljander and Strand-
vik, 1997; Oliver et al., 1997; Wirtz and Bateson, 1999). The research
made in the field of satisfaction has recognized that there is a need
to incorporate the emotional and affective components in regulating
the consumer’s satisfaction (Wirtz et al., 2000). Therefore, the final
results and the decisions made are not the only responsible for deter-
mining the quality and the satisfaction of the decision. In his work,
Higgins (2000) says: "We are all familiar with the idea expressed in
the maxim of the late-19th-century British statesman John Morley, ’It
is not enough to do good; one must do it the right way’ or the coach-
ing classic, ’What counts is not whether you win or lose but how you
play the game’. Such maxims reflect a moral position: Achievements
should be evaluated not only in terms of outcomes but also in terms
of the means by which they were attained. ’The ends do not justify
the means.’". Using the reasoning present in this approach and the
moral objective of these famous maxims, the process relevance in per-
forming a certain action is easily understood. We can also conclude
that the impact of the decision-making process can drastically change
the participant’s satisfaction regardless of the results. Higgins (2000)
also refers that "this insight concerns how the goodness of a deci-
sion depends not only on its relation to ends or outcomes but also
on whether the means used to make it were suitable. Suitability here
refers only to what is morally proper. By considering proper the more
general meaning of suitable as ’fit’, a new perspective on what makes
good decisions good is possible". The consideration of several factors
is therefore necessary to obtain a correct approach in the decision-
maker’s satisfaction analysis regarding the decision made. The stud-
ies addressed in this subsection show the importance of analyzing
the whole decision-making process, and the whole set of actions that
involve and influence the participant during the process. We also ver-
ified that it is necessary to analyze a set of emotional factors in that
process, and that emotional changes mean situations that affect the
participant. It is obvious that this brings new challenges, such as to
better know the participant in order to better understand the impact
of each situation in each kind of person. Thus, the emotional cost
has a relevant impact on satisfaction. Another important factor in sat-
isfaction analysis are the (different) expectations, and therefore the
satisfaction with the same outcome may be completely different.
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2.2.3.1 Expectations

The expectation levels are the reason why two organizations in the
same sector can offer such distinct levels of service while keeping
consumers equally satisfied (Zeithaml et al., 1993). That is why Mc-
Donald’s can enlarge an industrialized service of excellence, with few
employees per consumer, while an expensive restaurant with employ-
ees dressed in tuxedos may not do it so well from the costumer’s per-
spective (Davidow and Uttal, 1989). A costumer’s expectations are
pre-conceived beliefs about a particular product (Olson and Dover,
1979) that serve as benchmarks against which the product is evalu-
ated. Parasuraman et al. (2002) state that the evaluation of the service
quality made by the customer results from comparing the existing
expectations with the actual performance. Anyway, despite the im-
portance of expectations being recognized in several works as the
service quality (Gronroos, 1983) and customer satisfaction (Oliver,
1985), many questions related to the role of expectations have been
considered in research and need to be answered. Consumer expec-
tations have been studied in several research environments (Oliver
and Winer, 1987), with a greater emphasis in the analysis of the
consumer’s satisfaction/dissatisfaction and service quality. In liter-
ature, there is a consensus on expectations to serve as standards
against which subsequent experiences are compared, resulting in as-
sessments of satisfaction and quality. Consensus on other issues such
as: the expectation’s specific nature, the number of standards used,
and the sources or antecedents of expectations, have not yet been
met. Research in the expectations area is mostly related to the service
quality, but the principles addressed are perfectly applicable in deci-
sion group processes. Naturally, decision-makers create expectations
regarding the process (for instance, if it will be more or less litigious)
and the possibility of reaching their objectives. Several expectations
patterns have been proposed:

• Expectations as standard predictions: Expectations are seen as
predictions made by consumers on what is likely to happen
during the process. According to Oliver (1985), it is a general
agreement that expectations are considered by the consumer as
probabilities of the occurrence of positive and negative events
when he is involved in something. Miller (1977) called this pat-
tern as the expected pattern, defining it as a performance prob-
ability calculation. Swan and Trawick (1980) and Prakash (1984)
named this pattern as predictable expectations, defining them
as estimates of the expected performance level;

• Expectations as the ideal pattern: A normative expectations pat-
tern has been proposed by a large number of researchers. Miller
(1977) proposed ideal expectations, designating them as the de-
sired performance level. Swan and Trawick (1980) indicated a
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pattern which they called desired expectations, defining it as
the level at which the costumer wants the process to be executed.
Prakash (1984) designated them as normative expectations, i.e.,
how a brand should work so that the consumer is fully satisfied.
In a more comprehensive way, several researchers (Woodruff
et al., 1983; Cadotte et al., 1987; Sirgy, 1984) argued that the
consumer’s satisfaction and dissatisfaction is more likely to be
determined by how well a service/process/product fulfills the
consumer’s needs or desires, contrary to a prediction pattern;

• Others expectations patterns: Woodruff et al. (1983) proposed
that costumers expect certain patterns that reflect what the pro-
cess should provide, being these expectations based on the past
experience. These expectations are called expectations of expe-
rience based in standards because they are composed by what
would be ideal to happen plus the expectations’ real aspects.
Miller (1977) also proposed tolerable minimum expectations,
defining them as the lowest performance level acceptable by
the consumer, and deserved expectations, reflecting the subjec-
tive evaluation of the consumer’s investment in the product.
Finally, Prakash (1984) proposed a pattern called comparative
expectations, where the consumers’ expectations are created by
comparing similar products of different brands.

2.2.3.2 Satisfaction Models

The literature is very poor in terms of satisfaction analysis as an in-
dicator of the perceived decision’s quality. The results related to the
evaluation of the satisfaction of the decision-makers with the decision
made (in group), with the perception of the quality of the decision or
with the quality of the decision obtained with the use of a GDSS are
practically nonexistent. There are works that study the satisfaction
with the use of a GDSS (or of a software in general) and the satisfac-
tion of the decision-maker in the decision process using surveys.

Briggs et al. (2003b) presented a theory of meeting satisfaction,
which explains the causes of conflicting research results on meet-
ing satisfaction, as these results have never been fully explained in
the group support systems literature. Therefore, their theory tries to
contribute to a possible development of systems and methodologies
that increase group efficiency and group effectiveness, without de-
creasing meeting satisfaction. The authors proposed and tested the
Satisfaction Attainment Theory (SAT) – a causal model of meeting
satisfaction. Taking into account the SAT assumptions, satisfaction,
i.e., the affective arousal with a positive valance a participant felt af-
ter a meeting, would be a function of the perception that, balancing
conflicting and mutually exclusive goals, the value of one’s goals in-
creased, or the likelihood of their success increased because of the
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meeting. Meetings that produce positive Perceived Net Goal Attain-
ment (PNGA) should also produce high levels of meeting satisfaction,
and meetings that produce negative PNGA should also produce low
levels of meeting satisfaction. However, other researchers may choose
to define meeting satisfaction according to other factors, such as the
degree to which a meeting has fulfilled certain requirements. The dif-
ficulty to provide a clear definition of meeting satisfaction reduces the
degree to which research on meeting satisfaction can be generalized.

In their work, Paul et al. (2004b) explore how the performance of
a GDSS affects the different satisfaction dimensions. They focus on
three indicators of group performance, namely: the decision time,
the efficiency in decision-making and the number of iterations in the
group decision-making process. For each one of these indicators hy-
potheses that affect satisfaction were created. Example: "H1a – In a
GDSS-supported group decision, the higher the decision time, the
lower is the satisfaction of a group with the system used by its mem-
bers." This model is based on hypotheses and is illustrated in Fig-
ure 5.

Figure 5: Paul et al. (2004b) research model based on hypotheses.

Some of the conclusions obtained from this work demonstrated that
the performance of GDSS influences the group members’ satisfaction.
When decision time increases, the system appears to be unproduc-
tive and the group members’ satisfaction with the system decreases.
However, when GDSS meetings end quickly, members may perceive
that they are rushed through the process and different alternatives of
the decision situation are not adequately evaluated. This is evinced in
the positive relationship between decision time and the members’ sat-
isfaction with the process. The authors found a positive relationship
between the thoroughness of decision-making and the group mem-
bers’ satisfaction with the decision outcome.

Tian et al. (2008b) conducted a study on how to measure satisfac-
tion based on the emotional space. The satisfaction measured sought
to understand the users’ acceptance of a product by testing its us-
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ability. In order to analyze the emotional space, they used the PAD
(Pleasure, Arousal and Dominance) model proposed by Mehrabian
(1995). To find out his initial emotional state the user must answer to
the Big Five Inventory questionnaire, and with the obtained person-
ality he is given a standard emotional state. The emotions generated
during the test are detected by observing the user’s behavior. His
emotions decay through the process, getting closer to the initial state,
as can be seen in Figure 6.

Figure 6: Changes of single dimension in PAD model (adapted from Tian
et al. (2008b)).

After performing the test and building the emotional map, the emo-
tional changes are registered and their sum is calculated. With the
emotional values, interesting conclusions are attained. The authors
claim that "with a good pleasure emotional state, users can have a
smooth thinking and judgment to choose the most effective method
to finish the task, so the pleasure state of the users can reflect the
affinity and usability of the product in the testing. The arousal degree
has a positive effect on usability, but the high level of arousal means
that users are in a highly concentrated spirit and get tired easily; on
the other hand, also means that users may be thinking about a way to
solve the problems. So a lower level of positive arousal degree reflects
the usability of the software operations. The improvement of the user
domination means that users are in an intense state, and that has a
negative effect on usability. High usability products should be consis-
tent with the users’ traditional habits, without the need to consider
the controllable process and solutions of the product. Therefore, the
domination degree indirectly reflects the extent of the ease of using
the product."

Husain (2012) presented a paper where he included a satisfaction
tool to help solve problems in GDSS. The tool is based on linear goal
programming (GP) in order to assist GDSS participants in performing
group decision-making for problems that have multiple and conflict-
ing alternatives. His objective is to achieve a higher satisfaction for
the group using this technique. Some theoretical ideas in this paper
are very similar to the ideas described in this thesis: (1) the consid-
eration of satisfaction in group decision-making process, (2) the use
of satisfaction to achieve better results and (3) the consideration of
the classification of the alternatives by the decision-makers to find



2.2 affective computing 49

the optimal solution. The author claims that with this approach it
is possible to improve the participants’ satisfaction by reducing the
deviation by 29%. However, this work does not include all the neces-
sary variables to measure satisfaction, as is possible to verify in the
literature (for instance, decision-makers’ expectations and the consid-
eration of decision process). In addition, the decision-making process
faces some limitations when using the GP strategy, such as: reconfig-
uration of the problem, impossibility of the decision-maker to add
new information during the process, and some limitations related to
human-interaction and psychological issues.

2.2.4 Recent Works

In this subsection, we present some works in the field of computer sci-
ence, which somehow deal with cognitive and/or emotional aspects.

André et al. (2000) presented a paper where they describe the func-
tioning of three projects that integrate lifelike characters. They con-
sidered that the growth in the number of research projects related
to humanization with the goal of making human-computer interac-
tion more enjoyable has become noticeable. To make the psychologi-
cal modeling of the agents, they used the OCC model to model the
emotions, and the Five Factor Model to model the personality. They
stressed the importance of taking into account affective issues in user-
agent interactions. However, they did not present any type of data
to quantify how the proposed models would allow the obtention of
more satisfactory utilization processes.

Gmytrasiewicz and Lisetti (2002) presented a research work where
they included a formal definition of emotional states and personality
in a typical rational agent design based on decision theory. This work
is especially relevant due to the hypothesis put forward by the au-
thors: "the main hypothesis of our work is that notions of personality
and emotions are useful in designing competent artificial agents that
are to operate within complex uncertain environments populated by
other artificial and human agents". The authors used the OCC model
to define the emotional states of the agents and correlated them with
different modes of decision-making. This means that each emotional
state is associated with a decision-making situation. They also con-
sidered the personality of the agent, but did not use any specific per-
sonality model. They considered the personality of the agents as a
set of emotional states the agents are capable of being in. Basically,
the agents can vary their personality according to the three consid-
ered emotional states: cooperative, slightly annoyed and angry. The
transitions that can occur between these states happen due to environ-
mental inputs that they divided into 2 categories: cooperative and un-
cooperative. Although the authors point to a number of advantages
and possible uses of the proposal, one cannot really say that there
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is a true verification of the research hypothesis. This can be read in
the conclusions, by their own words: "we believe, will significantly
enhance the applications of intelligent systems ...".

Becker et al. (2004) presented an emotion system that takes into ac-
count/works with the emotions and mood of a conversational agent.
Like most works since then, they use the OCC model to deal with
emotions. The emotions are represented in an "emotion axis" and the
mood in an "orthogonal axis" that stands for an undirected, longer
lasting system state. In addition, they consider "boredom" in order to
deal with the absence of stimulus that the agent may face. In this way,
they get the agents to express their emotional state according to the
content of the conversation. They presented an experience in which
the agent leaves the scene when it begins to feel insulted.

Lorini and Falcone (2005) presented work in which they deal with
the expectations of pro-active agents. They point out that one of the
aspects that most characterize/most distinctive aspects of intelligent
agents is that they are proactive, meaning that they have to be able
to deal with the future and to represent that future or the possible fu-
ture effects. For this, the authors provide a precise characterization of
anticipatory mental states in order to analyze their role in the genera-
tion of surprise, relief and disappointment. This allows the agents to
have a clear comprehension of the surprise phenomenon. In addition,
the proposed approach allows an Agenti that expects an Agentj to
take an action that is negative for it, develops a negative strong expec-
tation, causing it to persuade the Agentj to stop doing this action.

Santos et al. (2009) presented a scientific work where they proposed
a multi-agent architecture model designed to support groups in the
decision-making process. The novelty of their work is the possibility
to model the agent’s personality. The idea is to humanize agents and
with that, facilitate the negotiation process. They used four person-
ality types, negotiator, aggressor, submissive and avoider, based on
the Five Factor Model to define the agents’ personalities. To select
the agent’s personality, each decision-maker needs to answer a Big
Five Inventory questionnaire. The authors also proposed a simple
negotiation model where the agents use the personalities to choose
which kind of requests they should send and to process the received
requests. The publication does not include any case study; however,
the content is very interesting because the proposed model is based
in strong assumptions existent in the literature.

Marreiros et al. (2010) developed a GDSS model that uses intelli-
gent agents to represent the meeting participants and the facilitator.
However, the agents are not intended to replace the meeting mem-
bers in the decision-making, but to support them. Since the authors
consider emotions play an important role in the negotiation process,
agents are endowed with an emotional component, based in the OCC
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model. The participant agent’s architecture is comprised of three lay-
ers: knowledge, reasoning and interaction (Figure 7).

Figure 7: Participant agent’s architecture in an emotion-based GDSS model
(adapted from Marreiros et al. (2010)).

In the knowledge layer, the agent has information about the world
and about the other participant agents’ profiles, their preferences
and goals. The reasoning layer has three modules: the argumenta-
tive system, decision-making module, and the emotional system. The
argumentative system is responsible for generating explanatory and
persuasion arguments. The decision-making module helps the agent
to classify alternatives in three classes: preferred, indifferent, and in-
admissible; and to choose the preferred one. The emotional module
generates the participant agents’ emotions and moods, affecting the
choice of the arguments that are sent to other participant agents, the
analysis of the received arguments, and the final decision. The inter-
action layer is responsible for communicating with the other agents
and acts as an interface for the GDSS simulator users. The developed
emotional system includes three main components: evaluation, selec-
tion, and decay. Evaluation is concerned with the process that trig-
gers emotions. When Agenty sends a certain argument to Agentx,
Agentx will generate an emotion based on the received argument.
Each generated emotion has different intensities depending on the
situation it was generated. The agent expresses emotions according
to the intensity of other triggered emotions. The selection component
is responsible for selecting the dominant emotion, i.e., the emotion
chosen by an agent in a certain moment that has a larger difference
between intensity and the activation limit. In turn, decay is a com-
ponent that appeases the emotions state. Emotions have a short du-
ration, but they do not disappear instantly, they dissipate with time.
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Decay allows the emotion to gradually disappear after being gener-
ated, and the agent’s emotional state to move back to normal. One
criticism that has been pointed to the OCC model is that it does not
contemplates interactions performed by agents in previous scenarios
and past emotions. However, the researchers in this study believe that
their GDSS model allows overcoming this problem as the developed
model considers the agents’ mood.

Palomares et al. (2013) presented a Web-based consensus sup-
port system that allows for/permits the integration of the decision-
makers’ attitudes regarding consensus. They study the importance
that decision-makers place in reaching consensus in respect to the
possibility of modifying their own preferences. Decision-makers
can/adopt pessimistic, indifferent and optimistic attitudes. For exam-
ple, a decision-maker who adopts an optimistic attitude means that
to reach the agreement is more important to him than his own pref-
erences. In this way, the group’s opinions will be given more impor-
tance. They argue that (as may be expected) optimistic attitudes help
to reach consensus while pessimistic attitudes hamper the achieve-
ment of consensus.

Recio-García et al. (2013) presented a group decision support sys-
tem where each decision-maker is represented by an agent who/that
argues with the other agents in order to achieve the best alternative
for the group. The presented negotiation model includes the users’ so-
cial factors, personality and trust in the argumentative process. The
personality of the decision-makers is represented by a number rang-
ing from [0, 1] where 0 means a very cooperative person and 1 the
reflection of a very selfish one. To study the trust, they use the inter-
action of the decision-makers in social networks through a set of 10

factors. For the argumentation model, they used D2ISCO, which is a
platform for the design and implementation of deliberative and col-
laborative case-based reasoning (CBR) applications. They concluded
that the proposed model allows the achievement of better satisfaction
rates when compared to the standard "fully connected" group recom-
mender.

Rodrigues et al. (2016) proposed a model of personality-based
agents to produce different emotional responses. The assumption is
that "emotional responses can vary according to differences in person-
ality traits". Hence, they proposed a model where agents defined with
different "personalities" (extroverted and introverted) have a distinct
emotional reaction to the same scenarios. In the proposed model, they
considered the 6 emotions proposed by Paul Ekman (sadness, happi-
ness, fear, anger, surprise and disgust). To deal with personality they
used the Five Factor Model (The Big Five Inventory was used to mea-
sure the value of each personality trait). In the performed experiment
they collected data from social networks and each participant had to
associate an emotion with the text. Then, the agents were "trained"
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according to the proposed model. The authors concluded that the in-
clusion of personality traits is relevant/important for producing emo-
tional agents.

Alfonso et al. (2017) presented the Open Affective Agent Archi-
tecture (O3A). The O3A consists in a modification of the BDI (Be-
lief–Desire–Intention) agent language AgentSpeak. They extended
the traditional BDI reasoning cycle to incorporate affective compo-
nents. They used the OCC model to represent emotions in Agents,
the PAD model for mood and the FFM to deal with personality. Their
work is still in process and their intention is to reach agents’ behaviors
closer to the humans’ behavior.

2.2.5 Summary and Discussion

To rephrase Doyle (1991), AI is the discipline aimed at understanding
intelligent beings by constructing intelligent systems. In 1998, Castel-
franchi (1998) said "AI is the science of possible forms of intelligence,
both individual and collective". It is therefore absolutely necessary to
first know the human being (its functioning) before using that knowl-
edge in the development of intelligent systems. To model agents with
human beings’ aspects is not new. At the beginning of the new mil-
lennium, some projects related to the agents’ humanization began to
appear (André et al., 2000; Ball and Breese, 2000; Franklin et al., 1998).

Nowadays, there are many proposals that intend to model human
beings’ aspects in agents, such as: personality (Dimuro et al., 2007;
Padgham and Taylor, 1997), emotions (Ball and Breese, 2000; Gmy-
trasiewicz and Lisetti, 2002; Dias and Paiva, 2005), cognitive styles
(Frank et al., 2001), etc (Paiva et al., 2005; Dias et al., 2014; Preuve-
neers and Novais, 2012; Novais and Carneiro, 2016). There are also
some proposals under the topic of GDSS (Palomares et al., 2014, 2013;
Recio-García et al., 2013; Santos et al., 2009). All of them share the
idea that the inclusion of cognitive/affective aspects may somehow
help the decision-making process. However (to the best of our knowl-
edge), most of them are to be used in simulated environments. We
believe the usage of such techniques in real systems can bring some
disadvantages. "A real me" can be a bad approach if my persona is
less persuasive/intelligent/capable than others.

The interest that computer science scientists have been showing for
the field of Affective Computing is considerable. However, it is also
noticeable that it is a recent field with much to explore, where tools
are needed but sometimes not yet available. It can be verified that
the models most used by the community and that can be adapted
to Affective Computing are the FFM, OCC and PAD. However, these
models may not satisfy all the needs of future computational models.
The need to carry out multidisciplinary work is becoming more and
more visible, which is still infrequent today.
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In the context of the Group Decision Support Systems there are
some that consider affective aspects, yet at a very embryonic stage.
Regarding the topics of satisfaction and perception of decision qual-
ity in the use of GDSS, the results are practically non-existent, per-
haps due to the number of variables that need to be considered, and
because there is a lack of knowledge on what strategies to use in or-
der to deal with some of those variables. From the decision quality
point of view, it remains a challenge to classify or compare GDSS or
negotiation models.

2.3 argumentation-based negotiation

Rahwan et al. (2003) defined negotiation as "a form of interaction in
which a group of agents, with conflicting interests and a desire to
cooperate, try to come to a mutually acceptable agreement on the
division of scarce resources"; Hadidi et al. (2010) defined negotiation
as "the process of looking for an agreement between two or several
agents on one or more issues"; and El-Sisi and Mousa (2012) defined
it as "a process of reaching an agreement on the terms of a transac-
tion such as price, quantity, for two or more parties in multi-agent
systems such as E-Commerce. It tries to maximize the benefits for
all parties". Taking these definitions into account, in this thesis we
propose the following definition:

Negotiation is a process between two or more parties seeking for an
agreement.

In literature, it is possible to verify a consensus regarding the main
approaches that deal with negotiation: game theory, heuristics and
argumentation (Rahwan et al., 2003; Hadidi et al., 2010; El-Sisi and
Mousa, 2012). From the computational point of view, argumentation
is a key topic of this doctoral work and this section gives special
attention to it.

Game-theoretic approaches to negotiation

Game theory is a branch of economics that studies interactions
between self-interested agents. Myerson (2013) defined game theory
as "the study of mathematical models of conflict and cooperation
between intelligent rational decision-makers". For him, the term
"game" is not the most appropriate to describe what game theory
actually is. He considered that the purpose of this approach would
be better described as "conflict analysis" or "interactive decision
theory". The paper proposed by Von Neumann and Morgenster in
1944, "The Theory of Games and Economic Behavior", is considered
one of the most important works in the field (Von Neumann and
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Morgenstern, 2007). The main idea behind game-theoretic analysis
is to determine the optimal strategy by analyzing the interaction as
a game between the agents and look for equilibrium (Rahwan et al.,
2003). Most of the classical game-theoretic approaches have some
limitations, for instance, computational limitations (Dash et al., 2003).
The range of application is also limited, for example, if we try to
apply the game-theoretic techniques to a chess game, the number of
solutions will be exponential.

Heuristic-based approaches to negotiation

To overcome some of the limitations related to game-theoretic ap-
proaches, some heuristic-based approaches have emerged. Contrary
to game-theoretic approaches, heuristics intend to seek or produce a
good enough solution. This purpose turns heuristics faster and over-
comes the computational limitations. Jennings et al. (2001) identified
two main advantages of the heuristic approaches: the models are
based on realistic assumptions and the designers of agents, who are
not wedded to game theory, can use alternative, and less constrained,
models of rationality to develop different agent architectures. They
also identified two main disadvantages: the models often select
outcomes (deals) that are sub-optimal and they need an extensive
evaluation through simulations and empirical analysis. Faratin
et al. (1998) introduced three negotiation tactics based on heuristics:
time-dependent tactics (where the predominant factor used to decide
which value to offer next is time), resource-dependent tactics (very
similar to the previous one but considers different resources) and
resource estimation tactics (generates counter-offers depending on
how a particular resource is being consumed).

Argumentation-based approaches to negotiation

It is a known fact that game theoretic and heuristic-based approaches
evolved and became more complex. With this development, they
have been used in a wide range of applications. However, they share
some limitations in addition to those already referred. In most game-
theoretic and heuristic models, agents exchange proposals, but those
proposals are limited. Agents are not allowed to exchange any addi-
tional information other than what is expressed in the proposal itself.
This can be problematic, for example, in situations where agents have
limited information about the environment, or where their rational
choices depend on those of other agents. Another important limita-
tion is that agent’s utilities or preferences are usually assumed to be
completely characterized prior to the interaction.

Thus, to overcome those limitations, argumentation-based nego-
tiation appeared and became one of the most popular approaches
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for negotiation (Marey et al., 2014a), being extensively investigated
and studied, as witnessed by many publications (Mbarki et al., 2006;
Amgoud and Vesic, 2011a; Bonzon et al., 2012). The main idea of
argumentation-based negotiation is the ability to support offers with
justifications and explanations, which play a key role in the nego-
tiation settings. So, it allows the participants not only to exchange
offers during the negotiation, but also reasons and justifications that
support those offers in order to mutually influence their preferences
regarding the set of offers, and consequently, the outcome of the dia-
logue.

It is simple to understand the parallelism between this approach
and group decision-making. The idea of a group of agents exchanging
arguments in order to achieve, for instance, a consensus, to support
groups in the decision-making process, is easy to understand.

2.3.1 Argumentation

The theory of argumentation is a complex and interdisciplinary area
of research lying across philosophy, communication studies, linguis-
tics, and psychology (Van Eemeren et al., 2013). Its techniques have
been applied to a large range of applications in both theoretical
and practical branches of artificial intelligence and computer science
(Maudet et al., 2006). The interest to research about argumentation in
artificial intelligence appeared about two decades ago (Dung, 1995;
Kraus et al., 1998; Sierra et al., 1997). The connection between argu-
mentation and some other subfields of artificial intelligence as knowl-
edge representation, nonmonotonic reasoning, and multi-agent sys-
tems is strong and highly beneficial. Furthermore, the argumentation
has been successfully applied and it has proved to be valuable in
legal reasoning, decision support for resolving conflicts between dif-
ferent opinions and in the context of dialogues and persuasion. Ar-
gumentation techniques can also be found in expert systems applied
to a wide range of different areas, for instance, medicine and eGov-
ernment. Brewka et al. (2014) consider there are two major lines of re-
search regarding argumentation: logic-based and abstract approaches.
For them, the logic-based approaches are the responsible for defining
notions such as: attack, undercut and defensibility. The abstract ap-
proaches are more concerned about the relations between arguments,
where arguments are considered as atomic items.

Argumentation is used by human beings in their daily life. We all
use argumentation in order to evaluate information or support an
opinion. The beauty of argumentation is that we use it even in our in-
trospection. Thus, the arguments can be used to: evaluate information
in order to support the decision, perform a debate and for persua-
sion purposes. Argumentation can be characterized into two types:
monological argumentation and dialogical argumentation (Asterhan
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and Schwarz, 2007; Linell and Markovä, 1993). The former is for indi-
vidual analysis or presentation of information (for instance, political
speech before elections) and the latter is for exchange of informa-
tion between agents. The argumentation process has a logic evolu-
tion, usually an argument that supports a case of interest is used,
then, counter-arguments to that argument are presented, and after,
counter-counter arguments, and so on. Therefore, considering all this
knowledge, we can say automated negotiation is useful because it:
simulates human reasoning, provides a way of handling uncertainty
and helps in the decision support process. For being able to model
argumentation is necessary to perform some mandatory tasks such
as: to define structures to represent arguments, to formalize counter-
argument relations between arguments, to define formal criteria for
comparing arguments and identify which are the winning ones and,
of course, automate all of them.

Due to his work in formal deductive reasoning and rhetoric, Aristo-
tle is considered one of the great proponents of argumentation (Billig,
1996). But it was in the last century that the work responsible for com-
putationally defining argumentation has appeared. In 1953, Toulmin
(2003) considered that arguments are pronounced according to a cer-
tain "field" and are related to a certain "modal". The "field" can be
seen as the domain or context in which the argument is pronounced.
"modal" represents the initial attempt to perceive the argument’s se-
mantic (to classify the arguments as "acceptable" or not). Toulmin’s
layout of arguments is presented in Figure 8, where D stands for Data,
Q stands for Qualifier, C stands for Claim, W stands for Warrant, B
stands for Backing, and R stands for Rebuttal (Toulmin, 2003). The
model proposed by Toulmin is well known in literature (his book
has thousands of quotations) and recognized in later works, such as
Dung (1995).

Figure 8: Toulmin’s layout of arguments (adapted from Toulmin (2003)).

Pollock was also one of the responsible for relevant developments
in the topic of argumentation (Pollock, 1991, 1994, 1995). He devel-
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oped one of the first formal systems for argumentation-based infer-
ence, and was one of the first to study important argumentation top-
ics such as: argument structure, the nature of defeasible reasons, the
interplay between deductive and defeasible reasons, rebutting ver-
sus undercutting defeat, argument strength, argument labelling, self-
defeat, and resource-bounded argumentation (Prakken and Horty,
2012). Pollock (1995) considers that defeasible reasoning is, a fortiori,
reasoning. The reasoning advances as new arguments are being con-
structed, where the reasons administer the atomic links in arguments.
Obviously, conclusive reasons allow to reach the conclusions and thus
the defeasibility arises from the fact that not all reasons are conclusive.
Pollock considers arguments as inference trees, where nodes are state-
ments, leaf nodes are the premises and the branches (links) are the
applications of "reasons". Pollock considers sequences of lines from
an argument. Each line from an argument is a tuple (ϕ, r, l, s), where
ϕ is a proposition, r is the reason applied to infer ϕ, l is the set of
preceding lines from which ϕ is inferred, and s is the line’s strength
(a number). A sequence of such lines is a (linear) argument if each
line is such that its proposition is either inferred from earlier lines or
taken from the knowledge base (Prakken and Horty, 2012).
With his definition of arguments, Pollock defines defeat as follows:

• An argument line (ϕ, r, l, s) defeats another argument line
(ϕ ′, r ′, l ′, s ′) if and only if:

– r ′ is a defeasible rule, and

– s > s ′, and

– ϕ = ¬ϕ ′ or ϕ = ¬r ′ (r ′ is the shorthand for saying that
the antecedents of rule r do not support its consequent);

• An argument A defeats an argument B if and only if a line of A
defeats a line of B.

There are some formalizations for modelling argumentation, some
of the most important are abstract argumentation, assumption-
based argumentation, argumentation-based on defeasible logic and
argumentation-based on classical logic. In this thesis, we describe
abstract argumentation in terms of purpose and semantics, and we
explain the purpose of the other formalizations.

Abstract argumentation

Abstract Argumentation is a simple, yet illustrative way for formal-
izing the mechanism of argumentation (Dung, 1995). It is a simple
structural way for representing binary attack relations in a given set
of arguments. However, abstract argumentation has a limited expres-
sion and presents no method to deduce individual arguments from
some knowledgebase.
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In Abstract Argumentation (AA), an Argumentation Framework
(AF) is simply a pair AF = 〈A,R〉, consisting of a set of arguments, A,
and a binary attack relation, R.

Example:

AF = 〈{A,B,C}, {(A,B), (B,A), (B,C), (C,C)}〉.

In AA arguments are evaluated given the relation of attack. The
objective is to determine which arguments are "acceptable". In a log-
ical way, we can see that arguments that are not attacked should be
considered "acceptable". On the other hand, arguments that are at-
tacked and cannot counteract these attacks should not be considered
"acceptable". AA is normally represented by directed graphs. Figure 9

presents the graph related to the presented example (arguments are
represented as nodes and attacks are represented as directed links in
those graphs).

Figure 9: An Abstract Argumentation graph example.

As can be seen in Figure 9, arguments can attack each other (argu-
ments A and B) and an argument can attack itself (argument C).

In order for the arguments to be evaluated, argumentation seman-
tics are used. There are two main styles of argumentation semantics:
extension-based and labelling-based (Bench-Capon and Dunne, 2007).
Extension-based is described next in order to illustrate how the se-
mantics work.

A subset of arguments is called an "extension" (Bench-Capon and
Dunne, 2007). In this way, we can say that an acceptable extension E
is a set of arguments able to withstand the attacks it receives from
other arguments. In order for the extension to be conflict-free, argu-
ments cannot attack each other. Formally, we can say that given an
argumentation framework AF = 〈A,R〉, a set S ⊆ A is conflict-free
if and only if @a,b ∈ S such that (a,b) ∈ R. The set of "extensions"
prescribed by a semantics S in an abstract framework AF = 〈A,R〉, is
denoted as ES(AF).

In order for an extension E to be acceptable, it must be able to
counteract the attacks it receives. Formally, we can say that given an
argumentation framework AF = 〈A,R〉, an argument a ∈ A is accept-
able with respect to a set S ⊆ A if and only if ∀b ∈ A : (b,a) ∈ R ⇒
(∃c ∈ S : (c,b) ∈ R). In addition, the set of arguments is only accept-
able if and only if all of its elements jointly defend the set by issuing
counterattacks. Formally, we can say that a set S ⊆ A is acceptable if
and only if ∀x ∈ A,∀b ∈ S : (x,b) ∈ R⇒ ∃c ∈ S(c, x) ∈ R.
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After defining the concepts of conflict-freeness and acceptability,
we can now define admissibility. Formally, we can say that given an
argumentation framework AF = 〈A,R〉, an extension E is admissible
if and only if E is conflict-free and acceptable (Table 8 presents the
semantics for extension-based argumentation).

Table 8: Extension-based argumentation semantics.

Semantics Sets

Conflict-free {}, {A}, {B}

Admissible {}, {A}, {B}

Complete {}, {A}, {B}

Grounded {}

Preferred {A}, {B}

Ideal {}

Stable {B}

We can also find a set of other semantics in literature (Bench-Capon
and Dunne, 2007):

• Complete: Given an argumentation framework AF = 〈A,R〉, an
extension E is complete if and only if E is admissible and every
argument of A which is acceptable with respect to E belongs to
E;

• Grounded: The grounded extension of an argumentation frame-
work AF = 〈A,R〉, denoted as GE(AF), is the smallest set of
arguments which is complete, with respect to set inclusion;

• Preferred: Given an argumentation framework AF = 〈A,R〉, a
set E ⊆ A is a preferred extension of AF if and only if it is a
maximal set of arguments which are admissible, with respect to
set inclusion;

• Ideal: Given an argumentation framework AF = 〈A,R〉 an ex-
tension is ideal if and only if it is a maximal set of arguments
which are admissible and a subset of all preferred extensions,
with respect to set inclusion;

• Stable: Given an argumentation framework AF = 〈A,R〉, a set
E ⊆ A is a stable extension if and only if it is conflict-free and
attacks all arguments that are not in it.
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Assumption-based argumentation

Assumption-based argumentation is a more expressive formalism for
modelling argumentation (Bondarenko et al., 1997). It is an instanti-
ation of abstract argumentation and it is based on logic and incor-
porates deduction. The idea of assumption-based argumentation is
the possibility to generate arguments from assumptions and rules.
Thus, it is possible to represent knowledge in a more detailed and
expressive way. In an assumption-based argumentation framework,
an argument is a deduction supported by a set of assumptions and
obtained along with the rules available. An argument B attacks an-
other argument B ′ if the conclusion of B is the contrary of one of the
assumptions supporting B ′. However, assumption-based argumenta-
tion still has a restricted language syntax and proof theory compared
to classical logic.

Contrary to abstract argumentation (in which the arguments
are represented through the use of graphs), in assumption-based
argumentation arguments are trees. The tree’s root is the claim of
the arguments, and leaves are either assumptions or facts. All the
semantics presented in abstract argumentation are also defined in
assumption-based argumentation.

Argumentation-based on defeasible logic

Defeasible logic incorporates two kinds of rules: defeasible rules,
that represent weak information (notation: ≺); and strict rules, that
represent sound information (notation: ←). This approach is also
based in logic and provides mechanisms for deducing arguments
(Nute, 2001). Defeasible rules capture the way humans tend to make
inferences through observations and withdraw some conclusions
in the presence of new information. This approach permits to
define priorities on rules. Like the assumption-based argumentation,
argumentation-based on defeasible logic is limited compared to
classical logic approaches.

Argumentation-based on classical logic

The big difference between argumentation-based on classical logic
and the previous ones is that this one is very expressive (Besnard and
Hunter, 2001, 2009). Argumentation-based on classical logic allows
a detailed knowledge representation and inference mechanisms. It
is an approach that introduces a sophisticated way for defining
counter-arguments. In addition, it is a powerful language with a
simple and intuitive syntax. Has a well-established proof theory
and extensive foundational results and a concise representation of
the most meaningful counter-arguments. However, one of the main
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disadvantages of argumentation-based on classic logic is the inherent
complexity.

Final considerations

Argumentation is a cognitive process employed by human beings
when trying to make decisions; especially when dealing with conflict-
ing information. Computational argumentation can be used by deci-
sion support systems, particularly useful for conflict resolution. Var-
ious frameworks have been proposed for modelling argumentation-
based on different underlying logics, and some are presented in this
document (Amgoud and Cayrol, 2002; Bench-Capon, 2003; Prakken,
2010). Several theories extend these frameworks and a number of
tools have been implemented (some are presented in this document)
to support the various applications of argumentation. There are many
practical challenges to overcome.

2.3.2 Dialogue

Dialogue theory was first addressed in modern philosophy by Paul
Grice (Grice et al., 1975). For him, an argument is seen as a contribu-
tion that is given in a collaborative conversation. In his perspective,
an argument must be evaluated from the point of view of its collab-
orative value taking into account the time it is spoken (Grice et al.,
1975).

There are several types of dialogues. Each of them is characterized
by having different objectives, and different sets of rules that make
it easier to achieve those objectives (Walton, 1989). One of the most
recognized dialogue taxonomy was proposed by Walton and Krabbe
(1995). They divided dialogues into six types (see Table 9):

• Persuasion: In this type of dialogue, the proposer tries to per-
suade the other party that a certain fact is true and vice versa.
Basically, both parties try, by using arguments, to convince the
other party to change its opinion;

• Negotiation: The goal of negotiation is to reach an agreement.
In this type of dialogue, both parties seek to maximize their
benefits while achieving a consensus that is, at the same time,
acceptable to both;

• Inquiry: This type of dialogue arises from the need to estab-
lish or prove propositions. It aims to achieve general agreement
on the subject that is on the table. Here, the objective is not to
satisfy interests as it happens in negotiation, since there is no
conflict of opinions but an open problem;
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Table 9: Dialogue types (adapted from Walton and Krabbe (1995)).

Type Initial situation Main goal Participants’ aim

Persuasion Conflicting
point of view

Resolution of such
conflicts by verbal
means

Persuade the other(s)

Negotiation Conflict of
interests and
need

Making a deal Get the best out
of it for oneself

Inquiry General
ignorance

Growth of knowledge
and agreement

Find a "proof" or
destroy one

Deliberation Need for
action

Reach a decision Influence outcome

Information
seeking

Personal
ignorance

Spreading Knowledge
and revealing positions

Gain, pass on, show
or hide personal
knowledge

Eristic Conflict and
antagonism

Reaching (provisional)
a accommodation in
a relationship

Strike the others
party and win in
the onlookers

• Deliberation: As in the inquiry, this type of dialogue is about an
open problem. However, the goal here is to decide how to act.
In this way, it is also intended to achieve an agreement, but the
agreement does not have to be obligatorily general;

• Information-seeking: This type of dialogue concerns to the
search for information by the participants. This search for in-
formation happens through requests to an expert, where the
goal is to spread knowledge. Here it is not intended to prove
anything but to retrieve a piece of knowledge;

• Eristic: This kind of dialogue is a bit different in that its purpose
is to seek conflict instead of seeking to resolve the conflict. The
idea is to go against the opponent regardless of what he says.

Dialogue systems have also been studied by computer science scien-
tists (Prakken, 2000; McBurney and Parsons, 2002; Prakken, 2006). In
these systems, agents exchange messages with a certain objective, e.g.,
negotiation, persuasion, seeking information, etc. The use of argu-
ments allows agents to justify their positions, actions or preferences
when carrying out any of those dialogues (Rahwan et al., 2003).

According to Prakken (2006), a dialogue system should include the
following elements:

• Topic language: The language that designates the meaning of
each utterance;

• Communication language: The language that enables the dis-
cussion;
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• Dialogue purpose: Purpose of the dialogue;

• Participants: The participants involved in the process (at least
2), who may have several roles, objectives and beliefs;

• Context: The type of dialogue;

• Logic: The logic used in the dialogue, which may or may not be
monotonic and which may or may not be argument-based;

• Effect rules: Defines the effect of utterances;

• Protocol: Specifies which movements are possible to be per-
formed during the dialog;

• Outcome rules: The set of rules that define the outcome of the
dialogue.

Black and Hunter (2009) presented a framework for representing
dialogues of the type inquiry. Their argumentative system is based
in Defeasible Logic Programming (DeLP). In their work, they con-
sider two types of inquiry dialogues: argument inquiry and warrant
inquiry. The former intends that agents can jointly construct argu-
ments to support a particular claim that would not be possible if
done separately (alone). The latter intends that agents can share ar-
guments in order to construct a dialectical tree that they could not
do alone with their own beliefs. In these two types of inquiry di-
alogues, agents jointly seek to inquire about topics. However, the
argument inquiry dialogue does not allow to determine the accept-
ability of the constructed arguments, and in warranty inquiry dia-
logue the agents work together to determine the acceptability of the
arguments. The authors named the communicative acts as "moves".
They considered the existence of three different moves: open, assert
and close. A move is represented as 〈Agent,Act,Content〉, where
Agent is the agent generating the move, Act is the type of the
move and Content contains information about the details of the
move. The dialogue is always performed by exactly two agents and
always starts by an "open" move. They represent the first move as
〈x,open,dialogue(θ,γ)〉, where θ is the type of the dialogue and γ
is the topic of the dialogue. So, the type and the topic of the dialogue
are defined in the content of the first move. The dialogue ends when
both agents make the "close" move.

Prakken (2005) proposed a formal framework of argumentation di-
alogues for persuasion. In his work, he presents an example of a per-
suasion dialogue, which we present below:

1. ag1: My car is very safe. (making a claim);

2. ag2: Why is your car safe? (asking grounds for a claim);
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Table 10: Speech acts for liberal dialogues (adapted from Prakken (2005)).

Acts Attacks Surrenders

claim ϕ why ϕ concede ϕ

why ϕ argue A (conc(A) = ϕ) retract ϕ

argueA why ϕ (ϕ ∈ prem(A))

argue B (B defeats A)

concede ϕ (ϕ ∈ prem(A)

or ϕ = conc(A))

concede ϕ

retract ϕ

3. ag1: Since it has an airbag. (offering alternative grounds for a
claim);

4. ag2: That is true, (persuasion: conceding a claim) but I disagree
that this makes your car safe: the newspapers recently reported
on airbags expanding without cause. (stating a counterargument);

5. ag1: Yes, that is what newspapers say (conceding a claim) but
that does not prove anything, since newspaper reports are very
unreliable sources of technological information. (undercutting a
counterargument);

6. ag2: Still your car is still not safe, since its maximum speed is
very high. (alternative counterargument).

This example demonstrates the complexity of the persuasion dia-
logues. As we can see, during a dialogue of this type, an individu-
al/agent can refer back to previous choices in the same dialogue, as
well as justify a certain point of view in different ways.

In his work, Prakken introduced the "liberal" and "relevant" dia-
logue systems. Table 10 presents the moves for liberal dialogues.

As in the work of Black and Hunter (2009), Prakken’s liberal dia-
logues are represented as trees and the arguments of a tree are always
relative to only one topic. An argument is a deduction with a conclu-
sion (conc) and premises (prem), and "An argument B extends an
argument A if conc(B) = ϕ and ϕ ∈ prem(A)". The author also
defined a turn-taking function that specifies which agent does the
next move, which basically guarantees the existence of a "ping-pong"
dialogue, where the first move is responsible for specifying the dia-
logue’s topic. One of the most relevant parts of this work is the way
Prakken determines the outcome of a dialogue by defining an in/out
labelling. Theoretically, what happens is that a node is in if it with-
stands its attacks, otherwise it is out. So, considering that the root of
a dialogue is responsible for defining the topic, the proponent wins
the dialogue if the root node is in.

Parsons et al. (2003) presented a study about argumentation-based
dialogues between agents. They have defined locutions from which
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agents can exchange arguments. In addition, agents may adopt differ-
ent attitudes which will condition the arguments that they can build
and what locutions they can make. They also defined a set of proto-
cols which determine the entire functioning of the dialogue (termi-
nation, dialogue outcomes and complexity). In this work, they deal
with three types of dialogues: information seeking, inquiry and per-
suasion. They assume the dialogues are always performed by only
two agents, which can use several utterances, such as: assert, accept,
challenge, question, etc. One of the most fascinating points of this
work is the relation defined between the agents’ attitudes and their
way of acting. For instance, an agent can have three different assertion
attitudes: confident, careful and thoughtful, and three acceptance at-
titudes: credulous, cautious and skeptical. Next, an example of a pos-
sible information seeking dialogue is presented, using the protocol
proposed by the authors:

1. ag1 asks question(p);

2. ag2 replies either assert(p) or assert(¬p) if it can, and
assert(U) if it cannot. Which response is given will depend
upon the contents of its knowledge base and its assertion at-
titude. U indicates that, for whatever reason, B cannot give an
answer;

3. ag1 either accepts B ′s response, if its acceptance attitude al-
lows, or challenges. U cannot be challenged and as soon as it
is asserted, the dialogue terminates without the question being
resolved;

4. ag2 replies to a challenge with an assert(S), where S is the
support of an argument for the last proposition challenged by
ag1;

5. Go to 3 for each proposition in S in turn;

6. ag1 accepts p if its acceptance attitude allows.

There is a large number of applications of dialogue systems in
literature (Mackenzie, 1990; Woods and Walton, 1978) covering vari-
ous topics, such as: resource-bounded reasoning (Loui, 1998; Brewka,
2001), legal reasoning (Gordon, 1993; Hage et al., 1993; Bench-Capon,
1998; Prakken, 2001), to support agent interaction (Parsons et al., 1998;
Amgoud et al., 2000; Parsons et al., 2003; Kraus et al., 1998), among
others.

2.3.3 Important Foundational Works

This section resumes some of the best works that influenced Argu-
mentation and Argumentation-Based Negotiation.
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Dung (1995) "On the acceptability of arguments and its fundamental
role in nonmonotonic reasoning, logic programming and n-person
games"

In 1995, a paper from Dung was published (Dung, 1995), becoming
one of the highest references in the argumentation field. The goal of
this paper was very simple, compute the expression "The one who has
the last word laughs best". The logic behind this old saying is easy to
understand. Let’s imagine two people are arguing about something.
Person P1 uses argument A1 to support his position; if person P2 can-
not justify or counterargue A1, P1 can claim "victory"; otherwise, if
P2 justifies A2, P1 cannot claim victory and the argumentation pro-
ceeds; if P2 counterargues and P1 cannot justify or counterargue then
P2 can claim victory, else the argumentation proceeds.

Considering this scenario and the intention to compute this behav-
ior, "The understanding of the structure and the acceptability of ar-
guments are essential for a computer system to be able to engage
in exchanges of arguments." Dung refers that, on one hand, signifi-
cant work has been made to analyze the structure of arguments, but
on the other hand, the acceptability of arguments is not a consistent
thematic. In this paper, Dung intends to enlighten the "semantical
relations between argumentation and nonmonotonic reasoning".

To better understand Dung’s work, it is important to understand
what monotonic and nonmonotonic reasoning is in the context of ar-
gumentation. In a simple perspective, a reasoning is monotonic if a
conclusion is true and continues to be true regardless of the knowl-
edge added. Reasoning is nonmonotonic if a conclusion can be inval-
idated by adding more knowledge.

Dung claims and demonstrates as nonmonotonic reasoning in AI
and logic programming can be both considered different forms of ar-
gumentation. A conclusion or even a simple argument can only be
considered true if there isn’t any other argument or evidence that
contraries it. For Dung, argumentation can be viewed as logic pro-
gramming with negation as failure.

The analogy made by Dung to transform logic programming the-
ory into a "framework" is very clear. Fundamentally, the basis of
Dung’s Argumentation Framework (AF) is composed by a pair AF =
〈AR,attacks〉, where AR is a set of arguments, and attacks is a bi-
nary relation on AR. So, in practice this means attack ⊆ AR ∗AR. If
we consider two arguments A1 and A2, attacks(A1,A2) represents
an attack of A1 against A2.

The argumentation theory proposed by Dung is very interesting
and seems to be a very rational way of turning the real world into a
mathematical world. Implementing real systems with argumentation-
based on this theory can, be a success in some contexts. However,
Dung’s theory seems to have some difficulty in dealing with vague
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knowledge or arguments, which can be considered more difficult to
deal with incomplete or uncertain information.

Kraus et al. (1998) "Reaching agreements through argumentation: a
logical model and implementation"

This paper came in sequence of the work developed by Sarit Kraus
where she argues about the importance of interdisciplinary ap-
proaches in argumentation models (Kraus, 1997). This perspective is
one of the factors that distinguished the work developed by Sarit
Kraus and her team in the last 2 decades.

In this paper, Sarit Kraus and her colleagues present a logical model
on the mental states of the agents in order to make them capable of
reaching an agreement through argumentation in an automated nego-
tiation process. The work presented in this paper is a huge reference
in this field and inspired a large number of works.

To reach the agreement through argumentation, they proposed an
agent with a structure that allows the designer to define some specific
issues influencing the agent’s general behavior. The structure of each
agent consists in three different parts: mental state, characteristics and
inference rules. The mental state is composed by the agent’s beliefs,
desires, goals and intentions. The activities performed by the agent
intend to fulfill the agent’s desires. The goals of an agent at a certain
moment are a consistent subset of its desires. The intentions can be
considered the way how the agent plans to act during the process.
Concerning to beliefs, they divided the agent’s beliefs into beliefs
concerning the world and beliefs concerning the mental states of the
other agents. The other parts are described below.

In this work, the authors intended to have agents with what they
call of different "character". So, to achieve this goal, they defined
different kinds of agents with some additional conditions in their
models. They considered important to have the following agents:
bounded, omniscient, knowledgeable, unforgetful, memoryless, non-
observer and cooperative.

The title of this work reflects exactly what we found during the
reading of this paper. The term "consensus" is not used during the
whole document, but it is clear what "reaching agreements" and "per-
suade each other" means. So, to try to get a consensus, agents ex-
change arguments between them. The arguments proposed by the
authors are: threats, future reward, appeal to past reward, appeal
to precedents as counterexamples, appeal to prevailing practice and
appeal to self-interest. They claim that, as these arguments work in
human negotiations, they may also work in automated agents’ ne-
gotiations. They chose these particular arguments due to some very
interesting factors. They intended to make these agents capable of
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negotiating with humans and to allow the designers to follow and
understand the negotiation process between the agents.
The three previous paragraphs constitute the core of the general struc-
ture of an agent:

• Mental state (beliefs, desires, goals, intentions);

• Characteristics (agent type, capabilities, belief verification);

• Inference rules (mental state update, argument generation,
argument selection, request evaluation).

The whole structure of an agent is used during the argumentation
process and its parts influence each other in the process. This process
permits the agents to reason about argumentation, influence the oth-
ers’ beliefs, evaluate arguments and update data. Based on this, we
can conclude that this work tries to humanize the agents.

This publication (Kraus et al., 1998) was a tremendous scientific
contribution. Of course, there are lot of questions that arise. For us,
one of the most important is: "How to evaluate a prototype based in
a model like this?" Anyway, this question continues to be pertinent
in most of the group decision support systems proposed these days.

Sierra et al. (1997) "A framework for argumentation-based negotia-
tion"

Sierra et al. (1997) presented a "novel framework for describing per-
suasive negotiations between autonomous agents". This work was
conducted by a group of strong researchers in this area, which claim
persuasive argumentation is the only way to influence another’s be-
havior. They consider argumentation-based negotiations as one of
the most elaborated forms of negotiations. For them, argumentation-
based negotiation consists in allowing the parties to send justifica-
tions or arguments indicating why they should be accepted. More-
over, the parties should be able to send counter proposals according
to the proposals received. As in (Kraus et al., 1998), one of the great-
est sources of inspiration for this work was the work published by
Karlins and Abelson (1970).

The authors consider 3 different types of illocutions: threats, re-
wards and appeals. For them, the main focus is not to provide "an
exhaustive formalization of all the argument types", but to withdraw
"a framework in which the key components of argumentation can be
described". In order for the agents to exchange the illocutions they
defined 4 conventions shared by the agents:

• "The elements that are relevant for the negotiation of a deal –
in the form of issues and values that may evolve as negotiation
proceeds";
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• "The rationality of the participating agents – in terms of some
form of preference relationships or utility functions which en-
able the agents to evaluate and compare different proposals";

• "The deliberation capability of the participating agents – in the
form an internal state in which the agent may register the his-
tory of the negotiation as well as the evolution of its own theo-
retical elements on which its decisions are founded";

• "The minimal shared meaning of the acceptable illocutions –
this is captured in the way that a received illocution should be
interpreted when heard by an agent, and by making explicit
the conditions that enable an agent to use (or ’generate’) a
given illocution at a given time".

They consider the social relationship of each agent as a form of
creating impact in the persuasion and argumentation process. They
suggest that this relation can be defined as a binary function over a
set of social roles. For them the logical language shared by the agents
is not important in the context of their work. However, they consider
mandatory to contain at least variables, constants, equality and con-
junction. These features are needed to express the kind of sentences
intended by the authors. For instance, a sentence is:

(Price = 10)∩ (Quality = High)∩ (Penalty =?)

where Price, Quality and Penalty are the issues under negotiation
and so are represented as variables; 10, High and ? are values for
those issues and therefore are constants; = denotes equality; and ∩
denotes conjunction.

The illocutions used by the agents are according to the negotiation
protocol defined by the authors and are illustrated in Figure 10:

• "A negotiation always starts with a deal proposal, i.e. an offer
or request";

• "This is followed by an exchange of possibly many counter
proposals (that agents may reject) and many persuasive illocu-
tions";

• "Finally, a closing illocution is uttered, i.e. an accept or with-
draw".

This work is very well grounded and our conclusions about this
work are very similar to the ones presented before in the review of
Kraus et al. (1998) paper. The introduction of some concepts captured
from social sciences are priceless and open a wide of different possi-
bilities to the present and future research. As mentioned before, there
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are a number of issues which need investigation in order to be val-
idated. Although these authors applied their model to a framework,
the model is not properly validated nor compared to others. The au-
thors themselves considered and pointed some issues such as: how
expressive communication language is required to be and how to bet-
ter manage the agent’s preferences.

Figure 10: Negotiation Protocol (adapted from Sierra et al. (1997)).

2.3.4 Argumentation and Argumentation-based Negotiation Trends Nowa-
days

Heras et al. (2010) analyzed how Argumentation Schemes Theory can
be used to formalize and structure on-line discussions and user opin-
ions. They considered a social network to be an abstraction of social
structures that connects individuals or organizations. They distin-
guished implicit and explicit social networks and presented several
features that could be used to define those networks (such as pur-
pose, nodes, roles, etc.). They also identified three main advantages
of applying argumentation schemes to the social network business
(to provide a formal structure for opinions and recommendations,
to provide a way of evaluating user opinions and recommendations,
and to provide a formal structure for the dialogue). As a final remark,
they believe that argumentation can enhance business driven social
networking.

Sánchez-Anguix et al. (2011) proposed and studied the perfor-
mance of several intra-team strategies that could be used by negotia-
tion teams. These strategies define how the communication is carried
out between team members and how decisions can be made (which
requests are sent to the opponent and what mechanisms are used
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for the opponent to accept or refuse the request). They concluded
that the negotiation environment (diversity, negotiation on time, con-
cession strategy) greatly affects the performance of the intra-strategy
that is chosen. They also referred to the fact that their approach is new
to the literature and that they could further improve its performance
by considering more environmental conditions (opponent strategies,
non-static team memberships, etc.).

van der Weide et al. (2011) published a scientific work where they
proposed a formalism to argue on a meta-level about what argument
an agent should select in a given persuasion dialogue. For the authors,
the approaches that exist in literature do not combine different crite-
ria in the argument selection. They were inspired by decision analysis
techniques and they decomposed into criteria and sub-criteria what
matters for an agent. The criteria and sub-criteria are structured hier-
archically into a value tree. They claim this approach is easier for a
designer than a purely quantitative approach, it allows the use of cri-
teria that are partial and/or incommensurable and it allows the agent
to explain why a certain argument was selected.

El-Sisi and Mousa (2012) presented a paper where they ana-
lyzed the benefits of argumentation-based negotiation (ABN) against
proposal-based approaches (PBA). They considered the possibility
to exchange additional information as the greatest advantage of
ABN. In their work, they classified the game theoretic, heuristic and
argumentation-based as the three different existing approaches to
one-to-one automated negotiation. Furthermore, for them, negotia-
tion can be characterized into three different forms: bidding, auction-
ing and bargaining. They also described some relevant information
about the implementation techniques used in their work. To achieve
their goals, they performed an empirical comparison of ABN to PBA
in a strategic two-player scenario. They configured 2 agents (seller
and buyer) with the goal to achieve an agreement in a negotiation
process. They ran 12 examples for each one, ABN and PBA. They
concluded that the argumentation increased the quality of the agree-
ments. Another very important fact was that all the failed examples
in PBA were accepted in ABN. They stated ABN is much better than
PBA in terms of the quality of the agreements and the quantity of
unsuccessful negotiations.

Booth et al. (2012) addressed a work where they proposed a way
to measure and quantify the disagreement in argument-based reason-
ing. To illustrate the problem, they presented a scenario where three
scientists intended to reach a collective position regarding a problem
considering three different positions: A, B and C. Two scientists sup-
port position A and the other supports position B. They want to reach
the collective position closest to their respective individual positions.
To attain this, some questions arose: should all of them change to po-
sition C? Or should the third scientist change to position A, ensuring
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the first two stick to their point view? For the authors, these examples
highlight the need for an approach to measure the distance between
the different positions. To achieve this objective, they presented sev-
eral distance functions. As for future work, their goal is to continue
studying the issue and apply it to the problems of revision and judg-
ment aggregation in argumentation.

Müller and Hunter (2012) published a work proposing the use of
argumentation to satisfy the needs to support the decision-maker and
to document the reasons behind decisions. For them, it is an advan-
tage to solve both tasks using the same method. In their work, they
presented a system "able to generate decisions for analysis, instead
of relying on predefined input of options." They also presented an
argumentation-based method for the decision-making process. The
ability to generate decisions was inspired in the work proposed by
Amgoud and Prade (2009) and the decision-making framework was
created based on the work proposed by Dung (1995) (already de-
scribed in this thesis). They considered a set of possible decisions
and goals and, using argumentation, they created arguments in favor
and against each decision. So, the best decision is the one that satis-
fies the most goals. Their collaboration with a company to carry out
this work was without any doubt a great advantage, but, although
their work has a strong relationship to industry, they did not present
any validation.

Bonzon et al. (2012) presented in 2012 an extended abstract where
they proposed a reasoning mechanism "that allows negotiating agents
to take into account information about their counterparts." For them,
there are many papers in literature related to agents that negotiate ex-
changing arguments, but only a few include knowledge about the op-
ponents in the reasoning. They adapted a negotiation strategy used in
a previous work to implement the new reasoning mechanism. Their
approach is very simple: basically, each agent uses the partial knowl-
edge it has on his opponents in order to find the best argument con-
sidering the opponent’s argumentation theory. To validate their ap-
proach, the authors ran a great amount of experiments, where they
compared the negotiation strategy with and without their approach.
They concluded that the new approach improved the performance of
the system (namely the length of the negotiation and the quality of
the agreements).

Heras et al. (2013) proposed an argumentation framework for
Multi-Agent Systems using case-based reasoning. In their framework,
the agents use arguments to reach an agreement. During the dia-
logue, the arguments can be classified as acceptable, unacceptable,
or undecided. They evaluated their system in terms of the knowl-
edge the agents have about the social context of their partners, per-
formance, percentage of agreement, and influence on the amount of
argumentation knowledge of each agent. They concluded that argu-
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ments used by experts are usually preferred; agents using their argu-
mentation framework usually provide more accurate solutions and
achieve higher percentages of agreement compared to agents who do
not use it; and the more knowledge an agent possesses about the con-
text of the argumentation process, more number of agreements and
of agreeing agents occurs. However, they also pointed to the fact that
achieving a consensus could be difficult if the agents had the same
amount of knowledge and therefore had the same persuasive power.

Fan and Toni (2013) introduced very interesting notions of domi-
nant decisions: strongly dominant, dominant and weakly dominant.
In this work, they presented two different frameworks for represent-
ing decision-making. In one of their frameworks they included the
possibility to define preferences over goals. For them, the definition of
preferences is important for the cases where a decision framework has
only weakly dominant decisions but no dominant or strongly dom-
inant decision. The main advantage of their work is the possibility
to explain the selected decisions through argumentation-based justi-
fication. However, they considered important to continue the studies
of decision-making with preferences. Another important conclusion
to remember in the future is the necessity to study "decision-making
in the context of multiple agents, in which agents sharing potentially
conflicting knowledge and preferences".

Fan et al. (2013) published a scientific work about assumption-
based argumentation for decision-making including preferences over
goals. One of the most interesting features of this work is the possi-
bility to define preferences over combined goals. For instance, it may
be that A is preferred by both B and C, but C and B together are
more preferred than A. Another important feature of this work is the
easiness how it gives an argumentative justification for the selected
decisions. The authors applied their approach to a case study in med-
ical research and they obtained satisfactory results. They claim that
their approach is easy to apply to other domains. In the future, they
plan to develop a decision-making model to select the most suitable
treatment for a patient, which in can bring important conclusive re-
sults to literature.

Fan et al. (2014) addressed another work about assumption-based
argumentation. They consider that the majority of works related to
argumentation-based decision-making found in literature do not pay
attention to the decision-making amongst multiple agents. The main
contribute of this paper is the way how it covers all the process:
decision frameworks, argumentation-based computation, dialogues
and a real-world application with implementation. The authors pre-
sented a two-agent decision-making model with argumentation dia-
logues, where the agents try to make informed decisions by using
information provided by both agents. During the decision-making
process, each agent constructs an assumption-based argumentation
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framework. This framework is created according to their particular
decision framework. A decision framework is what describes the
agent’s own decisions, attributes, goals and relationships. After that,
an assumption-based argumentation dialogue is performed between
the two agents. The authors concluded that successful dialogues gen-
erate good decisions. As for future work, they remark the intention
to study: the agents’ preferences; a different way to represent the
knowledge, making it more flexible; the decision-making in the con-
text of game theoretical, considering non cooperative agents; and fi-
nally, they intend to expand their dialogue model in order to support
more agents.

Marey et al. (2014a) published a paper where they included the
uncertainty in argumentation-based negotiation. This work came in
the sequence of the one presented in Marey et al. (2014b), where they
introduced two types of agents’ uncertainty: Type I and Type II. Type
I is the "agent’s uncertainty about selecting the right moves during
the dialogue" and Type II is "the agent’s uncertainty that the selected
move will be accepted by the addressee". In Marey et al. (2014a), they
studied the agents’ uncertainty about the moves exchanged in a dia-
logue game and their acceptance. They conducted a case study (buy-
er/seller scenario) based on their proposed approach and concluded
that with their techniques the negotiating agents achieve better results
than the others. They claim that this work was the first in literature
to deal with the agents’ uncertainty in the context of argumentation-
based negotiation.

Brewka et al. (2014) presented a fairly recent paper that discusses
the generalizations currently available in Dung’s framework. As was
referred before in this document, also for them, "Phan Minh Dung
introduced what are currently the most prominent abstract systems
for argumentation". Their work is very complete and interesting, de-
scribing the frameworks and adding some very important opinions
in the middle. Although the purpose of this work is not to present
or extend a new framework, their analysis of existing frameworks
is very relevant to the state of the art here presented. They described
the preference-based argumentation framework (PAF) and they claim
that this framework, including the preferences, permits to more ac-
curately model the problem. They also described the valued-based
framework (VAF) which is related to PAF. They even affirm that the
Trevor Bench-Capon’s valued-based argumentation frameworks are
based in similar ideas (Bench-Capon, 2002). They considered impor-
tant to have frameworks that allow arguing about preferences and not
just with preferences (PAF and VAF). For them, this knowledge led
to the appearance of extended argumentation frameworks (EAF). The
EAF permits an argument to attack not only other arguments but also
other attacks. They also described the bipolar argumentation frame-
works (BAF). While the previous frameworks only consider a single
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relationship between arguments, in BAF both relations are modeled.
Finally, they described the abstract dialectical frameworks (ADF). The
big difference of ADF is to allow not only abstract arguments, but
also abstract relations. As for future work, they considered important
to continue the research on ADF semantics and start exploring the
possibility to switch the language of the acceptance conditions.

Sklar et al. (2016) conducted a study in order to evaluate the ef-
fectiveness of "ArgTrust". The "ArgTrust" is an interactive application
developed to help human users in the decision-making process (Par-
sons et al., 2013). In this work, they tested the "ArgTrust" in an am-
biguous and complex scenario, where participants completed pre-,
mid- and post-surveys based in their understanding about a certain
scenario, before and after using "ArgTrust". The major conclusion is
that "ArgTrust" has contributed to help users "consider their decisions
more carefully".

Wyner (2016) presented a notable work about abstract argumenta-
tion and argumentation schemes. The idea was to integrate the argu-
mentation schemes with abstract argumentation through a functional
language. In order to contextualize this work, let’s consider argumen-
tation schemes as forms of argument that capture stereotypical pat-
terns of human reasoning and abstract argumentation as a group of
atomic arguments used by argumentation frameworks to formalize re-
lationships between arguments. He developed a functional language
for the computational analysis of argumentation schemes that is com-
patible with his argumentation framework. However, he did not run
any tests yet but they intend to "implement argumentation schemes
in a database for web-based applications and Functional or Logic Pro-
grams that instantiate the argumentation schemes, as well as to gen-
erate arguments, calculate attacks, and determine extensions". They
also want to expand their research to relate argumentation schemes
to semantic models, critiques and dialogue.

2.3.5 Summary and Discussion

There are several negotiation models adapted to group decision-
making in literature (Ito and Shintani, 1997; Karacapilidis and Pa-
padias, 1996, 2001; Marreiros et al., 2010). However, the existing
models are limited to very specific contexts. Looking for studies on
argumentation-based negotiation models adapted to group decision
support systems, the results are practically inexistent. The few exist-
ing results are old and if some seemed promising in the way they
could be adapted to this area (Kraus et al., 1998; Sierra et al., 1997),
the works that came next followed most of the times another path
(even with some of them remaining within decision support). For-
getting negotiation models for a moment, we find that even some of
the existing argumentation approaches are not oriented to problems
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that include multiple agents simultaneously. It is even possible to ver-
ify that in the most recent argumentation studies, authors with some
decades of work, point the inclusion of multiple agents as a future
expansion for their work (Fan et al., 2014). When agents have "one-
to-one" communication the process is simpler. However, things be-
come more difficult when an agent receives messages from multiple
agents. Another important issue is how authors test their argumenta-
tion models, the majority opt for the "seller-buyer" example (Rahwan
et al., 2003; Karunatillake and Jennings, 2004; Ramchurn et al., 2006;
de Melo et al., 2011; El-Sisi and Mousa, 2012; Marey et al., 2014a),
which has a type of dialogue much oriented to that kind of problem.

Defining a type of adaptable dialogue for use in an argumentation-
based negotiation model which has the objective to support group
decision-making is a complex task. Walton and Krabbe (1995) believes
that dialogues should be classified based in their primary objective,
and presents six major dialogue classes for that: inquisition, persua-
sion, negotiation, deliberation, demand for information and eristic.
However, what is the most adaptable dialogue for a group of people,
employees of the same company, whose common objective is to solve
a certain problem, but at the same time satisfy their own objectives?
Maybe a mix of several types of dialogues or the creation of a new
class could be the solution. This makes the adaptation of argumenta-
tion theory to this scenario a very complex task.

Another key issue in the inclusion of automated intelligent negoti-
ation mechanisms in the context of group decision-making is related
to the ability of an agent to understand or not the preferences of other
agents. The ability to understand the context and the arguments are
not (in this case) related to natural language. The idea is to have an
agent intelligent enough to understand why a participant prefers a
certain alternative and associate it with the criteria evaluation per-
formed by him.

As already mentioned in this thesis, most of the decisions made
nowadays are in groups. Contrary to what may seem in this section,
decisions are made in group with the objective of adding knowledge
and cognitive capabilities to problem solving (the number of decision-
makers does not have the objective of generating confusion). A partic-
ipant (a company employee) in a complex process of group decision-
making, even initiating the meeting with his convictions and seeking
to defend his interests, during the process tries to understand the
choices and preferences made by other participants. The possibility
to destroy his own arguments with the arguments used by other par-
ticipants, causes the participant to change his preferences or create
new arguments based in the new information.
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If I have seen further than others,
it is by standing upon the shoulders of giants.

— Isaac Newton

This chapter presents the set of publications that have been selected
to integrate this document. This chapter is composed of 6 publica-
tions that cover different parts of the work done. All publications are
preceded by a table which presents all the information regarding it.
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1  Introduction 
 

Many existing group decision support system 
(GDSS) prototypes use automatic negotiation models 
as a strategy to support the decision (Maznevski, 1994; 
Herrera et al., 1997; Moreno-Jiménez et al., 2008; Xu, 
2009). Argumentation-based negotiation models are 
one of the most used and best suited automatic nego-
tiation techniques to support decision making 
(Rahwan et al., 2003; Marey et al., 2014). It is con-
sensual that the possibility of justifying a request 

using an argument facilitates reaching an agreement 
or solution (Bonzon et al., 2012; Marey et al., 2014). 
Albeit all the recognized advantages in the use of 
argumentation models in decision making, and the 
time necessary to study argumentative models in the 
area of computer science which can be traced back to 
a few decades, the truth is that such models have not 
yet been embraced by organizations. The existing 
models are barely adaptable to the business world 
reality, have difficulty in reflecting the decision- 
making natural process, and create a certain discom-
fort in their use by decision-makers. It is also im-
portant to note that the actual evaluation of the ar-
gumentation models is not the one an organization 
would want to use. The fact that an argumentation 
model gives a solution in lesser rounds or in lesser 
seconds than another, is not the most relevant point 
for someone who is concerned about using a mecha-
nism to potentiate the decision quality. Maybe be-
cause of that, business intelligence techniques have a 
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much higher growth than GDSS. 
Looking for studies on argumentation-based 

negotiation models adapted to GDSS, the results are 
practically inexistent. The few existing results are old 
(Karacapilidis and Papadias, 1998; Karacapilidis and 
Papadias, 2001; Marreiros et al., 2010) and even if 
some seemed promising in the way they could be 
adapted to this area (Kraus et al., 1998; Sierra et al., 
1998), the works that came next followed most of the 
time another path (even with some of them remaining 
within decision support). Forgetting negotiation 
models for a moment, we found that even the existing 
argumentation approaches are not oriented to prob-
lems that include multiple agents interacting simul-
taneously. It is even possible to verify that in the most 
recent argumentation studies, authors with more than 
one or two decades of work, consider the inclusion of 
multiple agents as a future expansion for their work 
(Fan and Toni, 2014; Fan et al., 2014). When agents 
have ‘one-to-one’ communication, the process is 
simple. However, things become more difficult when 
an agent receives messages from multiple agents. 
Another important issue is how most authors test their 
argumentation models. The majority opt for the 
‘seller-buyer’ (Rahwan et al., 2003; Karunatillake and 
Jennings, 2005; Ramchurn et al., 2007; de Melo et al., 
2011; El-Sisi and Mousa, 2012; Marey et al., 2014), 
which has a type of dialogue much oriented to that 
kind of problem. 

It is a complex task to define a type of adaptable 
dialogue for use in an argumentation-based negotia-
tion model which has the objective to support group 
decision making. Walton (1995) believed that dia-
logues should be classified based on their primary 
objective, and presented six major dialogue classes 
for that: inquisition, persuasion, negotiation, deliber-
ation, demand for information, and eristic. However, 
what is the most adaptable dialogue for a group of 
people, employees of the same company, whose 
common objective is not only to solve a certain 
problem, but at the same time to satisfy their own 
objectives? Maybe a mixture of several types of dia-
logue could be the solution, or creating a new class. 
This makes it very complex to adapt an argumentation 
theory to this scenario. 

We believe that part of the failure of GDSS de-
veloped until today is related with the perspective 
used to analyze the problem and how those systems 

have been evaluated. 
Here we propose an approach for a negotiation 

model that intends to support the ubiquitous group 
decision making process similar to a real process, 
which simultaneously preserves the amount and 
quality of intelligence generated in face-to-face 
meetings and is adapted to be used in a ubiquitous 
context. Our approach is capable of dealing with 
intelligence because our agents have the possibility to 
maintain a dialogue about the topic, expressing their 
opinions, and gather information of what they ‘heard’. 
Our approach is an alternative for researchers that 
intend to use their specific algorithms, arguments, or 
models to define agents, for instance, in terms of 
behaviors of personality. 
 
 
2  Proposed model 
 

Much of the existing literature that uses agents 
for negotiation purposes (Huang and Sycara, 2002; 
Kakas and Moraitis, 2006; Rahwan et al., 2007) con-
siders mainly scenarios where the agents are fully 
competitive, in which each agent seeks to achieve its 
own goals (Santos et al., 2010; Rosaci, 2012), or fully 
collaborative, where all seek to find a solution that 
satisfies everyone’s needs (Yen et al., 2001; Allen et 
al., 2002; Reicher et al., 2005). In the case of a GDSS 
which aims to support an organization’s decision 
group to make decisions, this issue should be looked 
at differently. Considering a system that will have 
agents, where each agent will represent a decision- 
maker, a mixture of competition and collaboration 
should then be considered. We could acknowledge 
that while all the agents are part of the same organi-
zation, they should be collaborative to achieve the 
best possible decision for the firm. However, for 
human nature reasons, that would lose certain existing 
advantages in the context of meeting. Despite the ‘all 
wear the same sweater’ philosophy, in a real context 
the decision-maker also seeks to achieve his/her own 
goals. This happens for several reasons, but in this 
particular situation we are interested only in high-
lighting the conviction reasons. The decision-maker 
considers in his/her logic that his/her preferred alter-
native is the best solution to solve the problem and 
therefore he/she will defend his/her alternative until 
arguments that make him/her consider a more  
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beneficial alternative are presented. It is this behavior 
that enriches the meetings, introduces new knowledge, 
and allows higher quality decisions to be made. This 
is the behavior we intend to include in our negotiation 
model and that we consider to be important to intro-
duce in this kind of system. 

The negotiation model here proposed is inspired 
by the communication logic used in social networks. 
The main idea follows two main types of communi-
cation: (1) public communication (PC) in the form of 
public posts, and (2) private communication (PrC) in 
the form of private chat. The visual idea of the 
communication form is much alike to the one used, 
for instance, in Facebook. The fact of considering the 
way of communication used in social networks a good 
approach to serve as inspiration for this work topic is 
related to two main factors: the agents communicate 
in a context similar to the one practiced by the  
decision-makers in face-to-face meetings and the 
environment and the agents communication/ 
interaction is easily understood by the participants 
(decision-makers). 

Fig. 1 shows the two different types of commu-
nication. The agent is part of a single PC but can have 
several PrC simultaneously. 

A PC is an open conversation and its functioning 
reflects the type of dialogue practiced by the decision- 
makers in a real context. Sometimes public conver-
sations or conversations between multiple agents are 
mentioned, but in practice what happens is that there 
is a group of agents that exchange messages where 
each message has a single receptor. In the case of PC,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

messages are exchanged as how it happens in real life, 
where a group of people are seating at a table, and 
even when a message has only one recipient it can be 
heard by all. This allows the agents to gather infor-
mation and create relationships through the messages 
they listen, even if those messages are not directed 
towards them. In PC agents can address only one 
topic at a time. Any agent can propose the closure of a 
topic, which will be closed if no other agent has  
anything else to say. Obviously, all agents can par-
ticipate in a PC and read all the messages. 

PrC refers to all the private conversations of each 
participant agent, and as mentioned, an agent can 
keep several PrC simultaneously. At most, it can have 
a PrC with each one of the other agents. An agent can 
initiate a PrC with any other agent provided that it 
does not already exist. A PrC can stay open during the 
entire process without being terminated. The exist-
ence of PrC is an advantage over the actual meetings 
that do not allow simultaneous private conversations 
during the process. 

To the best of our knowledge, in literature in the 
context of support for group decision making, the 
agents use requests and questions as a way of com-
munication. The communication allows them to use 
strategies to persuade the other agents and to gather 
necessary information to reason about the problem. In 
addition to questions and requests, in our approach we 
introduce the concept of statement. The statement is a 
way of communication which will be used by the 
agents to demonstrate their points of view. This 
means agents can share information or perform  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1  Two different types of communication 
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indirect persuasion through statements. For instance, 
Agent1 can say “to me consumption is the most im-
portant attribute”. For example, this action can make 
Agent2, which considers Agent1 the most experi-
enced in the issue that is being discussed, redefine the 
importance he/she gives to the consumption attribute. 
As mentioned earlier, it is essential to give promi-
nence to the decision process since strategies that 
propose solutions based on the problem’s initial set-
tings end up losing the process’s value existent in real 
meetings. Negotiation automation should continue to 
allow the existence of two fundamental points: 
change of opinion/problem reformulation by the  
decision-makers when they realize/agree with the ar-
guments presented by other interveners, and learning 
with the assessment of the process by the decision- 
makers. Statements, requests, and questions can be 
used with or without the inclusion of arguments and 
can be used in PC and PrC. Counter-arguments and 
acceptance or rejection responses are also made 
through those three types. 

Given this descriptive definition and the under-
lying motivations of our approach, we now formulate 
these notions to develop a notational representation of 
the schema. 
Definition 1    Let p be a multi-criterion problem  
(p=(C, A, Ag)), where C is the set of considered crite-
ria (C={c1, c2, …, cn}), A is the set of considered 
alternatives (A={a1, a2, …, am}), and Ag is the set of 
all participant agents (Ag={ag1, ag2, …, agk}). 
Rule 1    Each alternative is related with each criterion. 
There cannot be an existing alternative with values for 
a criterion that is not considered in the problem. 
Example 1.1    Let us consider, as an example, the 
multi-criterion problem of purchasing a new car. In 
this problem three criteria and three alternatives will 
be discussed. Three agents will participate in the 
discussion. Therefore, p is defined as p=({c1, c2, c3}, 
{a1, a2, a3}, {ag1, ag2, ag3}). 
Definition 2    Let ci be a criterion (ci={ , ,

i i ic c cn v m }),  

where ciC, i{1, 2, …, n}, 
icn  is the name of a 

particular criterion, 
icv  is the value of a particular 

criterion (Numeric, Boolean, or Classificatory), and 

icm  is the greatness associated with the criterion 

(Maximization, Minimization, Positivity, Negativity, 
or Without Value). 
Example 1.2    For the previous example, let us  

consider three criteria: Price, Transmission, and Air 
Conditioning. Each criterion is defined as follows: 
 

c1={Price, Numeric, Minimization},  
c2 = {Transmission, Classificatory, Without Value},  
c3 ={Air Conditioning, Boolean, Positivity}. 

 
Definition 3    Let ai be an alternative (ai= 

{ 1 2,[ , ,..., ]
i a a ai i i

a nn c c c }), where aiA, i{1, 2, …, m}, 

ian  is the name of a particular alternative and 

1 2[ , ,..., ]
a a ai i i

nc c c  is the instantiation of every criterion. 

Example 1.3    For the previous example, let us con-
sider three alternatives. Each alternative is defined as 
follows: 
 

a1={Car1, [10 000€, Automatic, No]},  
a2={Car2, [15 000€, Manual, Yes]},  
a3={Car3, [12 500€, Manual, No]}. 

 
Definition 4    Let li be a locution (li={ type ,

il
 id ,

il
 

text ,
il

 context ,
il

 Var ,
il

 
il

g }), where i{1, 2, …}, 

type
il
 is the locution’s type (Question, Statement, or 

Request), id
il
 is the locution’s identification, text

il
 

is the text associated to the locution, context
il
 is the 

locution’s context (Alternative, Criterion, or Without 
Context), Var

il
 is the set of variables associated to the 

locution (Alternative or Criterion), and 
il

g  is the 

locution’s domain (General or Specific). 
The proposed locutions to be considered are 

specified in Table 1. 
Definition 4.1    Let L be the set of all locutions. For a 
domain g assigned to locution li, the set of locutions 
Lg is associated if LgL and liLg, .

il
g g  

Definition 4.2    Let L be the set of all locutions. For a 
particular type t assigned to locution li, the set of 
locutions Lt is associated if Lt L and liLt, 

type .
il

t  

Definition 4.3    Let L be the set of all locutions. For a 
particular criterion ci, the set of specific locutions sci

L  

is associated if s ,
ci

L L  s ,
ci

jl L   Specific,
jlg   

lj sci
L , ciVar

jl , and lj sci
L , ciVar .

jl  

Rule 2    For any locution sci
jl L  and ciVar

jl , there  
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cannot be another locution lk where ci Var

kl
 and 

s .
ci

kl L  

Definition 4.4    Let L be the set of all locutions. For a 
particular alternative ai, the set of specific locutions 

sai
L  is associated if s ,

ai
L L  s ,

ai
j Ll   Specific,

jlg   

sai
jl L  , aiVar ,

jl  and s ,
ai

j Ll   aiVar
jl . 

Rule 3    For any locution sci
jl L  and ai Var ,

jl  

there cannot be another locution lk where aiVar
kl
 

and s .
ai

kl L  

Definition 4.5    Let L be the set of all locutions. For a 
particular context, Context, the set of general locu-

tions 
ContextgeL  is associated if 

Contextge ,L L  jl   

Contextge ,L  General
jlg   and 

Contextge ,jl L   context
jl   

Context . 
Definition 5    Let msgi be a message (msgi={ msg ,

i
l  

msg msgmsg msg e rArg ,idch ,ag ,ag
i i i i

}), where i{1, 2, …, 

n}, msgi
l  is the locution sent in the message, msgArg

i
 

is the justification associated to the locution (can be 
an argument or null), msgidch

i
 is the conversation  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

code (the post for PC or the private chat for PrC), 

msgeag
i
 is the identification of the agent who sent the 

message, and 
msgrag

i
 is the set of the agents who will 

receive the message (can be 1 or *). 
Definition 6    Let Argi be an argument (Argi={ Argid

i
, 

Argtext ,
i

 ArgVar
i
}), where i{1, 2, …, n}, Argid

i
 is the 

identification of a particular argument, Argtext
i
 is the 

text associated to a particular argument, and ArgVar
i
 is  

the set of variables associated to a particular argument 
(can contain alternatives and criteria). 

The criteria included in the set of the agent’s 
preferred criteria will also be included in the set of the 
agent’s updated and preferred criteria. Therefore, the 
size of the set of the agent’s updated and preferred 
criteria will always be at least the same as or larger 
than that of the set of the agent’s preferred criteria that 
is not updated. Likewise, the alternatives included in 
the set of the agent’s preferred alternatives will also 
be included in the set of the agent’s updated and pre-
ferred alternatives. This means that the size of the set 
of the agent’s updated and preferred alternatives will 

Table 1  Considered locutions 

Locution Type id Text Context Variables Domain

Criteria general preference Statement 1 “For me the most important cri-
terion/a is/are 1, 2, …, n” 

Criterion Criteria 1, 2, 
…, n 

General

Alternatives general preference Statement 2 “For me the most important al-
ternative/s is/are 1, 2, …, n” 

Alternative Alternatives 
1, 2, …, n 

General

Criteria general preference Question 3 “Which criterion/a you consider 
most important?” 

Criterion 
– 

General

Alternatives general preference Question 4 “Which alternative/s you prefer?” Alternative – General
Criteria individual preference Question 5 “Who considers the criterion/a as 

the most important?” 
Criterion Criteria 1, 2, 

…, n 
Specific

Alternatives individual preference Question 6 “Who prefers the alternative n?” Alternative Alternatives 
1, 2, …, n 

Specific

Agreement Statement 7 “I agree.” Without 
Context 

– 
Specific/
General

Disagreement Statement 8 “I disagree.” Without 
Context 

– 
Specific/
General

No information Statement 9 “I do not have that information.” Without 
Context 

– 
Specific/
General

End of participation Statement 10 “I have nothing more to say.” Without 
Context 

– 
General

Alternative request Request 11     

Accept Statement 10 “I accept.” Alternative Alternatives 
1, 2, …, n 

Specific

Refuse Statement 11 “I do not accept.” Alternative Alternatives 
1, 2, …, n 

Specific
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always be at least the same as or larger than that of the 
set of the agent’s preferred alternatives that is not 
updated. 
Proposition 1    The system is finite. 
Proof    One agent agj that has preferred criteria 

ag j
cn  

belonging to ag j
C  and alternatives 

ag j
an  belonging to 

ag j
A  can initially use 

ag j
ln  locutions where 

 
ag ag

ag Criterion Alternative Without Contexts s ge ge ge
0 0

,
c aj j

c aj i i

n n

l
i i

n L L L L L
 

       

 
and nl is the sum of all the locutions related to each 
criterion and alternative preferred by the agent. 

Whenever ag j
C  and ag j

A  are updated, with 

newag j
cn  belonging to 

agnew
j

C  and 
newag j

an  belonging to 

agnew
j

A . 
newag j

ln will be 

 
new newag ag

new ag

Criterion Alternative Without Context

s s
0 0

ge ge ge .

c a
j j

c ai ij

n n

l
i i

n L L

L L L
 

 

  

   

 
This process is repeated until agent agj prefers all the 

criteria and alternatives and 
max agag

max
jj

cn C  and 

max agag
max

jj
an A . 

maxag j
ln  will be 

 
max maxag ag

max ag

Criterion Alternative Without Context

s s
0 0

ge ge ge .

c a
j j

c ai ij

n n

l
i i

n L L

L L L
 

 

  

   

 
It is possible to verify that the model is finite as 

the agent will be able to use, at most, a number of 
locutions corresponding to the total of criteria and 
alternatives considered for the multi-criterion prob-
lem, and the remaining locutions that do not have a 
specific context. 

The set of locutions defined by each agent will 
depend on the algorithms used and in each specifica-
tion of our model. However, each agent will have 
his/her particular set of locutions regarding the issues 
considered by the algorithm. An agent can generate 
his/her set of locutions based on, for instance, the 

interests configured by the real participant, real par-
ticipant personality, agent’s conflict style, etc. 

To better understand the process flow of our 
model, we are going to present some data flow dia-
grams for each of the main entities of our model. 
 
 
3  Real participant (decision-maker) 
 

When develop models and applications that will 
be used in real scenarios, we have to pay special at-
tention to the end users. The end users of our research 
will be the decision-makers. Considering we are 
dealing with ubiquitous scenarios, we assume our end 
users are people with a very busy schedule, that’s why 
we also have been working with techniques to con-
figure multi-criterion problems (Carneiro et al., 2015). 
In our proposal, the decision-maker is represented in 
the ‘system’ by a participant agent. Usually, this agent 
is seen as someone capable of defending the interests 
of the decision-maker. In our case, we consider (to 
develop a successful system) this agent as someone 
who seeks and understands data (and the environment) 
and other people’s perspectives, capable of organizing 
that data, and present more intelligent information to 
the decision-maker so that he/she can perform better 
decisions. A successful ubiquitous group decision 
support system (UbiGDSS) cannot be one that only 
presents possible solutions, even when the presented 
solutions are the best possible. It needs to be capable 
of presenting information that provides confidence to 
the decision-maker so that he/she can reason and 
make decisions. The decision-maker should be capa-
ble of understanding other people’s motives. Our 
model intends to follow the decision-makers during 
the decision making process. We believe the best 
approach would be an iterative process, where the 
participants can (re)configure the problem whenever 
they want and also understand all the processes and 
other people’s perspectives through the interaction 
with their agents. An interesting fact is that we do not 
find in the literature any research regarding the kind 
of information that should be available to support the 
decision-maker during the process. The lack of these 
‘intelligent reports’ is a huge disadvantage when 
comparing UbiGDSS with business intelligence 
techniques. Fig. 2 presents our perspective on how the 
real participant’s data should flow. 
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Fig. 2  Flowchart of a real participant (decision-maker)  

 
 
4  Facilitator agent 
 

In this kind of proposals it is very common to use 
a facilitator agent. We also consider important to use a 
facilitator agent; however, in our case the facilitator is 
responsible only for managing the beginning and the 
end of the meeting. All the dialogue and the messages 
exchange are on the participant agent side. Fig. 3 
presents our perspective of how the facilitator agent’s 
data should flow. 
 

 
Fig. 3  Facilitator agent’s flowchart 

 
 
5  Participant agent 

 
The participant agent plays an essential role in 

our model. He/She is the virtual representation of the 
decision-maker. What it does and when it does will 
depend on the complexity of the algorithms that are 

used. What differentiates our model is the capability 
of those agents to create free dialogues. Usually most 
of the proposed models are rigid, when defining the 
order of the events. In our model the agents are free to 
act according to their intentions. Fig. 4a shows the 
participant agent’s data flow regarding the public 
conversations and Fig. 4b shows the participant 
agent’s data flow regarding the private conversations. 
The participant agent reports only his/her inactivity to 
the facilitator when the ‘report my inactivity’ status in 
both PC and PrC is verified. 
 

 
Fig. 4  Participant agent’s flowchart for public conversa-
tions (a) and private conversations (b) 

 
 
6  Attribute types 

 
Our model is specifically designed to handle 

multi-criterion problems. It is not our goal to include 
any type of natural language mechanism in our pro-
totype. However, we believe it is possible and essen-
tial that the agents can understand what is happening 
in the ‘conversation’. For that, it is necessary to make 
a proper definition of the type of attribute that can be 
used. 

Considering our example of purchasing a new 
car, one of the attributes was the car’s consumption 
and that attribute was defined as a minimization nu-
merical attribute. If Agent1 says “for me the most 
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important decision factor is consumption” it will 
allow other agents to argue with Agent1 saying “ac-
cept alternative C because it has the lowest con-
sumption”. It is possible to understand that this 
strategy allows the agents to have the ability to per-
ceive a lot of different information. Another major 
advantage of this approach is the easiness in which an 
agent will generate perceptible reports for the real 
participant. Besides being able to present data that 
supports the decision (for instance, charts, tables, 
statistics), it is possible to present the argumentation 
between the agents and the reason that led the agents 
to propose a certain decision in a more perceptible 
way. 

The types of attributes considered can be visu-
alized in Fig. 5. Two main types of attributes can be 
considered: 

1. Objective: objective attributes are comparable 
with each other. This means that in the case of the car 
consumption, if car1 has a lower consumption than 
car2 and the consumption is a minimization numeri-
cal attribute, car1’s consumption is invariably better 
than car2’s consumption. The values of the objective 
attributes are always absolutely true. For instance, if 
the air conditioning attribute of an alternative is true 
then the possibility of that car not having air condi-
tioning cannot be considered. There are three types of 
objective attributes: 

(1) Boolean: this type of attribute is used in sit-
uations where the attribute can be classified by only 
two values, e.g., on/off, yes/no, 0/1, true/false; in this 
case the most advantageous situation must be speci-
fied (true or false). However, this specification is not 
mandatory. The situation that offers a greater value is 
considered to be advantageous even if that value does 
not solve the problem. Considering that the same car 
with or without air conditioning costs exactly the 
same price, the fact of having air conditioning is an 
advantage, even assuming that for health reasons it 
will not be used. 

(2) Numerical: the numerical type attributes are 
used to define measurable attributes, for example, 
consumption, height, width, and distance. This type 
of attribute is defined as the maximization or mini-
mization attribute. However, this specification is not 
mandatory. For instance, we ‘always’ want to mini-
mize costs, but on the other hand, we always want to 
maximize the profits. However, we may not be  

   
Fig. 5  Attribute types 

 

interested in minimizing or maximizing the height of 
an employer. 

(3) Classificatory: this type of attribute is used to 
specify attributes with a defined and recognized 
classification. For instance, we can use this type of 
attribute to specify a car’s safety. However, this clas-
sification should not be made by someone without 
credentials. An expert or a classification that has been 
published in a reference location can be used to make 
this classification. The classification will function as a 
scale. 

2. Subjective: subjective attributes allow agents 
to perceive what issues do not make sense to argue. 
For example, it will not make sense to argue that a car 
is better than another because of the color. The fact an 
agent prefers a certain color (in a certain context) is 
considered by this type of attribute as a personal taste 
which cannot be argued. Other examples of subjective 
attributes (always depend on the context) include car 
design, food taste, beauty, and sound quality. 

We believe this proposal on the types of attrib-
utes for the multi-criterion problem is simple but 
effective. In this way it is possible to set a wide 
number of problems with a strategy that allows agents 
to understand about what they are arguing. We believe 
this approach makes the agents as well as the dia-
logues more intelligent allowing richer and more 
perceptible outputs. 

 
 

7  Discussion 
 
To Jennings and Wooldridge an intelligent agent 

can make flexible autonomous actions to meet its 
design objectives. To them, an intelligent agent needs 
to be responsive, proactive, or social. For further 
information about these definitions see Wooldridge 
and Jennings (1995). To Wooldridge (2000) what 
makes a rational agent is its autonomy. In the last 
decades we have seen many examples in the literature 
in which the topic of intelligent agents is addressed 
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(Müller, 1996; Sycara et al., 1996; Jennings and 
Wooldridge, 1998). It is also known that there are 
agents that perform the same task with more intelli-
gence than others. However, it is known that in the 
case of humans, the reactive decision is processed by 
the brain in a different location of the proactive deci-
sion. In the case of agents or computational systems 
the proactive decision can exist but always in a sim-
ulated way. 

On the subject of intelligent and rational agents, 
there is a relevant point that deserves attention re-
garding group decision-making support systems. 
Suppose we have a system that can rapidly propose a 
solution to a certain problem according to the  
decision-makers’ preferences. It is obvious that this 
indicator is not enough to know whether the system is 
good or bad. The proposed solutions can always be 
unacceptable for the decision-makers, making the 
system useless. However, let us consider that the 
system can always propose acceptable solutions for 
the decision-makers, ending up having a great impact 
on a particular organization. Taking into account 
these details it would be hypothetically possible to say 
this system had quality. However, this may not be true. 
When someone wants to develop a negotiation model 
to adapt to a group decision-making support system, 
there is an important factor, which is often forgotten, 
to take into account. In the case of face-to-face 
meetings the decision-makers have time to think over 
the subject during the process, and usually they start 
the meeting with certain beliefs which are then 
changed after hearing others’ opinions and argumen-
tations. Sometimes our opinion changes when new 
knowledge is shared with us or when the arguments 
used invalidate our logic. This fact is what makes 
face-to-face meetings the preferred choice to make 
important decisions, and no system is still prepared to 
deal with such a situation. The way models and sys-
tems are designed makes this crucial part of a real 
meeting be lost. We think that research on negotiation 
models for group decision-making support systems 
needs to start concerning about such a fact. It is im-
portant for the agent to have the capability to seek to 
understand why other agents have other preferences, 
and not only to seek information that allows him/her 
to achieve his/her goals while forgetting that on the 
other side there may be an agent who changes opinion 
even if he/she did not share his/her initial convictions 

with the group. 
In the approach here presented, and as already 

explained, it is intended that the agents communicate 
in public and private conversations. Public commu-
nication is visible by all agents even if it is not di-
rected towards a specific agent. As such, an agent will 
be listening to a public conversation even if he/she is 
not part of it. The agent shall gather information on 
the messages exchanged publicly and then process 
that information. The idea here is that the agent 
studies the relationships that are being created as the 
information is exchanged. In a real meeting, if one of 
the decision-makers shows his/her preference for a 
certain alternative or an attribute that is also another 
decision-maker’s favorite, in that instant a connection 
between them is created because they share that in 
common. 

Another topic that will also be part of the agents’ 
reasoning and whose advantages have already been 
previously addressed is the capability to seek to un-
derstand the reason behind other agents’ preferences. 
If we think clearly, this agents’ reasoning is very 
similar to what happens in reality: a decision-maker 
seeks to understand other decision-makers’ opinions. 
Again, this will allow to generate a richer argumen-
tation as well as more useful and elaborated reports to 
be analyzed by the decision-maker. The agent will 
have the ability to understand other agents’ opinions 
by analyzing and questioning them on the evaluation 
and importance given to the attributes. In the example 
of buying a car, if an agent gives much importance to 
the consumption and that agent has a preferred car 
which is the one with the lowest consumption, an-
other agent can deduce that this is why he/she chooses 
that alternative. A very interesting interaction would 
be requesting that agent to accept a much cheaper 
alternative at the cost of just a small increase in the 
consumption. 

Finally, the agents should have the ability to an-
alyze the prediction they make on their satisfaction, 
that is, the prediction on their perception of the deci-
sion quality at a given moment, taking into account 
the outcome they are predicting. For that, they will 
use our model on satisfaction analysis. For further 
information see Carneiro et al. (2014a; 2014b). The 
fact that they have the ability to analyze the final 
satisfaction of the decision-maker, whom they rep-
resent, makes them more intelligent. This allows them 
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to know when to stop defending their favorite alter-
native and bet on another which is also preferred 
(although less). This fact will give them a greater final 
satisfaction that another alternative had been chosen. 
The model should also predict the group final satis-
faction when their goal is a decision that brings high 
satisfaction for all the elements. Satisfaction analysis 
will also be useful for blocked situations and will help 
the agents better understand whether or not to accept 
requests from other agents. 

Our work brings a new refreshing perspective in 
the context of GDSS. To the best of our knowledge, 
the type of communication performed by agents has 
never been suggested in the literature. We believe that 
our work has similarities with the one proposed by 
Marreiros et al. (2010), but our approach has the great 
advantage to offer an easy understanding of the dia-
logues conducted by agents. Besides, in most of the 
work about GDSS in the literature in the last decade, 
fuzzy logic was used as a mechanism to achieve a 
solution (Bashiri and Hosseininezhad, 2009; Zhang  
et al., 2009; Kar, 2014). This makes it impossible  
to justify preferences and becomes a very non- 
interactive process performed by decision-makers. 
Our approach takes advantage of the benefits inherent 
to the use of argumentation (for example, it is possible 
to justify requests and statements) and allows intro-
ducing new knowledge (Rahwan et al., 2003; El-Sisi 
and Mousa, 2012). It is also important to mention that 
in ubiquitous contexts most proposed systems will not 
take advantage of the benefits inherent to group de-
cision making (Huber, 1984; Dennis, 1996). This 
issue affects decision-makers that cannot gather at the 
same place and time and that can interact with each 
other only by using the GDSS. The result will be an 
increase of frustration of decision-makers, which will 
lead to most of them giving up on using the system 
(Paul et al., 2004). Another important point of our 
approach is that it takes advantage of group decision 
making by creating a process (Dean and Sharfman, 
1996). Some researchers used mechanisms that 
search immediately for a solution preventing any 
further reasoning of decision-makers (Gorsevski et al., 
2013). Our approach allows decision-makers to keep 
changing their preferences and understand what is 
happening throughout the process. This leads to a 
reflected and justified change of opinion. In addition, 
many existing studies in the literature did not follow 

the advantages of group decision making simply  
because they cannot promote interaction between 
decision-makers (Tavana et al., 1993; Alonso et al., 
2010). The approach here presented has been defined 
in a way that allows agents to understand the entire 
decision-making process and to be able to express 
their opinions through a problem reconfiguration. 
Besides, the type of communication is much more 
explicit due to the proposed attributes’ definition. 
Alonso et al. (2010) have presented a very interesting 
work using Delphi’s method (which is common for 
this type of context, see Burke and Chidambaram 
(2003), Guo et al. (2005), and Smits et al. (2013)). 
The great advantage of our work compared to this 
approach is that it motivates the interaction and the 
interest to understand why other decision-makers 
have different opinions. In their approach, there is no 
such thing as interaction between ‘experts’. This 
problem is also common to all of other works in 
which Delphi’s method was used in the GDSS  
context. 
 
 
8  Conclusions and future work 

 
The group decision support systems have been 

studied in the last three decades. However, after all 
this time, they are still not being accepted by the in-
dustry. Regardless of the amount of artificial intelli-
gence techniques applied, they still have too many 
limitations, especially in situations with time/space 
constraints. Furthermore, there are big challenges 
regarding the processes used to evaluate and validate 
these systems. The processes’ evaluation used allows 
saving good scientific results in certain cases but does 
not transmit enough confidence so that the industry 
can understand all the potential of these systems. 

To support the group decision making in situa-
tions with time/space constraints, the GDSS evolved 
for the so-called ubiquitous GDSS (UbiGDSS). They 
are the ultimate cleavage of GDSS. With the ap-
pearance of UbiGDSS some other problems appeared, 
for instance, how to overcome the lack of human- 
interaction, understand the decision quality percep-
tion in the perspective of each decision-maker, and 
overcome the communication issues. 

One of the usual techniques in UbiGDSS is au-
tomated negotiation. The idea behind automated  
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negotiation, for instance, argumentation, is allowing 
agents to find a solution through an intelligent dia-
logue. However, there are no specifically defined 
dialogues for these situations, plus there are only a 
few argumentation-based negotiation models pro-
posed in the literature where the majority was defined 
before the appearance of UbiGDSS. Going deeply, we 
can also verify that even the argumentation theories 
have difficulty in adapting to this scenario. 

Here we propose a theoretical negotiation model 
specifically planned for UbiGDSS. More particularly, 
we propose new approaches on topics such as the type 
of attributes and dialogues. In addition to these spe-
cific proposals, this topic is addressed under a new 
look and approach. Multiple reflections are shared, 
and the most important issues are analyzed which, in 
the opinion of authors, have been the cause of the 
GDSS problems. 

The model proposed in this paper uses a social 
networking logic due to the type of communication 
employed by the agents. Our approach intends to 
support the ubiquitous group decision-making pro-
cess, in a similar way to a real process, while simul-
taneously preserving the quantity and quality of in-
telligence generated in face-to-face meetings, and is 
adapted to be used in a ubiquitous context. Agents are 
capable of performing dialogues about the problem, 
understanding the messages of others agents, and 
using arguments in any kind of used locution. The 
kind of knowledge created by agents in our model can 
be used to bring UbiGDSS to a higher level. 

As for future work there are still a lot of things 
that need to be done. We will work on the creation of 
an argumentation framework to be included in our 
model. Also, we will develop a new prototype that 
includes all the topics addressed here and others pre-
viously published. We believe that in the end we can 
draw strong conclusions on the results obtained from 
this new look over automatic negotiation in group 
decision-making support systems. 

As a final remark, we can say that there is a lot of 
work to do to adapt GDSS to this new era. This is a 
very complex area and involves so many other dif-
ferent areas, but working in this field is very exciting 
and can result in outstanding results. 
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Abstract

Supporting decision-making processes when the elements of a group are geographically dispersed and on a tight schedule is a complex
task. Aiming to support decision-makers anytime and anywhere, Web-based group decision support systems have been studied. How-
ever, the limitations in the decision-makers’ interactions associated to this scenario bring new challenges. In this work, we propose a set
of behavioral styles from which decision-makers’ intentions can be modelled into agents. The goal is that, besides having agents represent
typical preferences of the decision-makers (towards alternatives and criteria), they can also represent their intentions. To do so, we con-
ducted a survey with 64 participants in order to find homogeneous operating values so as to numerically define the proposed behavioral
styles in four dimensions. In addition, we also propose a communication model that simulates the dialogues made by decision-makers in
face-to-face meetings. We developed a prototype to simulate decision scenarios and found that agents are capable of acting according to
the decision-makers’ intentions and fundamentally benefit from different possible behavioral styles, just as a face-to-face meeting benefits
from the heterogeneity of its participants.
� 2017 Elsevier B.V. All rights reserved.

Keywords: Group decision support systems; Styles of behavior; Cognitive agents; Affective computing

1. Introduction

It is a given that in organizations most decisions are
group decisions (Lunenburg, 2011). There are 2 main rea-
sons: on the one hand, most of the current organizations

organigrams involve several decision-makers (Luthans,
2010), both at the strategic (Eisenhardt & Zbaracki,
1992) and at the technical level (Montoya-Weiss, Massey,
& Song, 2001), and on the other hand, deciding as a group
can potentiate the decision quality (Dennis, 1996; Hill,
1982; Huber, 1984). Group Decision Support Systems
(GDSS) have been widely studied throughout the last dec-
ades (DeSanctis & Gallupe, 1984, 1987; Gray, 1987;
Marakas, 2003) to support this type of decisions. However,
in the last ten/twenty years, we have seen a remarkable
change in the context where the decision-making process
happens, particularly in large organizations (Chen, Liou,
Wang, Fan, & Chi, 2007; Grudin, 2002). With the
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emergence of global markets, the growth of multinational
organizations and a globalist view of the planet, we can
easily have decision-makers (chief executive officers, man-
agers and other members of global virtual teams) spreading
around the world, across countries with different time
zones (Shum, Cannavacciuolo, De Liddo, Iandoli, &
Quinto, 2013). Moreover, to support the group decision-
making process in this context is particularly complex,
due to the decision-makers being geographically dispersed.
This can lead to additional problems: failure to communi-
cate and retain contextual information, unevenly dis-
tributed information, difficulty to communicate and to
understand the salience of information, differences in the
speed of access to information, and difficulty to interpret
the meaning of silence (Bjørn, Esbensen, Jensen, &
Matthiesen, 2014); and to deal with temporal issues, which
can originate: ambiguity, conflicting temporal interests and
requirements, and scarcity of temporal resources
(McGrath, 1991). To provide an answer and operate cor-
rectly in this type of scenarios, the traditional GDSS have
evolved to what we identify today as Web-based GDSS
(Alonso, Herrera-Viedma, Chiclana, & Herrera, 2010;
Kwon, Yoo, & Suh, 2005; Marreiros, Santos, Ramos, &
Neves, 2010). The idea behind the Web-based GDSS is to
support the decision-making process ‘‘anytime” and ‘‘any-
where” (Santos, Marreiros, Ramos, Neves, & Bulas-Cruz,
2006; Shim et al., 2002), and to help deal with some of
the referred problems. Two main approaches have been
implemented in GDSS to help with group decision-
making processes. The classical approaches, based on pref-
erences’ aggregation, and the consensus-based approaches.
The former consists in an aggregation phase, that combines
the experts’ preferences, followed by the selection of one
alternative (Herrera, Martınez, & Sánchez, 2005; Saaty,
1988). The latter extends the former through an iterative
process in order to achieve consensus (Fedrizzi &
Kacprzyk, 1988; Iván Palomares & Martı́nez, 2014b).

When developing a Web-based GDSS it is necessary to
be aware of the benefits inherent to group decision-making.
A typical face-to-face meeting allows the decision-makers’
interaction, exchange of ideas, work on new knowledge
and intelligence generation (Dennis, 1996; Hill, 1982;
Huber, 1984). In an ideal scenario, we can achieve some
of these benefits using automatic negotiation models (for
instance: argumentation-based negotiation models). How-
ever, there is much more besides the ‘‘messages” exchanged
by decision-makers. It is necessary to work in the represen-
tation of those decision-makers. The representation can
range from criteria’s evaluation (for instance in a multi-
criteria problem (Carneiro, Martinho, Marreiros, &
Novais, 2015)) to a complete representation of the individ-
ual (personality, emotions, mood, etc. (Gmytrasiewicz &
Lisetti, 2002; Raja & Srivatsa, 2006; Santos, Marreiros,
Ramos, Neves, & Bulas-Cruz, 2009b)). The face-to-face
meetings benefit from the decision-makers’ heterogeneity
(Hambrick, Cho, & Chen, 1996). This heterogeneity is
related with the decision-makers’ temperament but also

with the decision-makers’ intentions. Let us consider a sce-
nario in which a medical team intends to choose a particu-
lar course of treatment for a patient whose condition calls
for different areas of expertise. As in any other multi-
criteria problem, each of the specialists, depending on their
own background could have their own preferences over a
number of possible alternatives, considering for instance,
the order/timing of certain required interventions. How-
ever, each team member’s opinion may be subject to a dif-
ferent appreciation, being judged for instance in terms of
importance, rank, expert level or even based on implicit
rules regarding their overall credibility. It is also conceiv-
able that in some authoritative contexts the opinions of
the highest graduated specialist may be taken as the rule
of law, limiting any further suggestions once they are
stated.

To model agents with human-like aspects is not new. At
the start of the new millennium, some projects dealing with
agents’ humanization began to appear (André, Klesen,
Gebhard, Allen, & Rist, 2000). Nowadays, there are many
proposals that intend to model human characteristics in
agents, such as: personality (Dimuro, da Rocha Costa,
Gonçalves, & Hübner, 2007; Padgham & Taylor, 1997),
emotions (Ball & Breese, 2000; Gmytrasiewicz & Lisetti,
2002), cognitive styles (Frank, Bittner, & Raubal, 2001),
etc. There are also some few proposals under the topic of
GDSS (Palomares, Martinez, & Herrera, 2014;
Palomares, Rodrı́guez, & Martı́nez, 2013; Recio-Garcı́a,
Quijano, & Dı́az-Agudo, 2013; Santos et al., 2009b). All
of them share the idea that the inclusion of cognitive/affec-
tive aspects helps in some way the decision-making process.
However, (to the best of our knowledge) most of them are
oriented to be used in simulated environments. The usage
of such techniques in real systems can bring some disad-
vantages. ‘‘A real me” can be a bad approach if my persona
is less persuasive/intelligent/capable than others. An appli-
cation that mimics one’s limitation will be of lesser interest.
Moreover, the inclusion of aspects such as personality, do
not permit to reflect other aspects such as intentions and
objectives. For each decision-maker the objectives and
intentions can vary even for the same problem.

In this article, we propose a set of behavioral styles
(Dominating, Integrating, Compromising, Obliging and
Avoiding) to model agents that represent decision-makers
in a group decision-making process. An agent modelled
with each of these behavior styles is able to act following
the intentions of the decision-maker it represents; The
intentions may be for instance ‘‘preferring to please a
group of other decision-makers”, ‘‘preferring to dominate
the course of the decision”, ‘‘let people better positioned
to lead the decision process”, etc. The proposed behavioral
styles act according to four dimensions deemed relevant in
the context of group decision-making (Concern for self,
Concern for others, Resistance to change and Activity
level). Moreover, we introduce a communication model
that allows agents to have dialogues that mimic the logic
of communication existing in face-to-face meetings. Our
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research hypotheses are: (h1) it is possible for decision-
makers to select behavioral styles to model computer
agents in the context of group decision-making so that
the behavior of the agents is as expected by the decision-
makers; (h2) computer agents can act according to the style
of behavior with which they are defined; (h3) a cooperative
decision system that uses agents modelled with behavioral
styles should be able to benefit from this heterogeneity
and not present a biased functioning. In order to study
h1, we carried out a survey with 64 participants to under-
stand if the definition of the proposed behaviors has a
homogeneous understanding on the part of the users and
more importantly to find a homogeneous classification
(numeric) of the behavioral styles in the proposed dimen-
sions. To study h2 and h3, we have developed a prototype
of a multi-agent system that includes a previously proposed
argumentation-based negotiation (ABN) model for run-
ning simulations. In the developed prototype, the agents
try to achieve the consensus through an iterative process
(the ABN model used is fully described in Carneiro,
Martinho, Marreiros, Jimenez, and Novais (2017)). We
created different simulation environments with different
numbers of agents in order to study the hypotheses. The
proposed behavioral styles, as well as the proposed defini-
tions, allowed us to find homogeneous operating values in
the proposed dimensions. In turn, the agents have been
able to represent the intentions associated with each style
of behavior and to take advantage of their style of behavior
just as face-to-face meetings take advantage from the
heterogeneity of their participants.

The rest of the paper is organized in the following order:
in the next section, we present several models (under the
topic of psychology) that can be used by computer science
scientists to model computer agents with human’ charac-
teristics/features. In Section 3, we expose the related work
and in Section 4 we introduce the considered behavior
styles and the dimensions in which they are defined. The
study of operating values for behavior dimensions and
their homogeneity is addressed in Section 5 and in Section 6
the agents are modelled with the proposed behavior styles
and several experiments are performed. In Section 7 the
discussion is presented. Finally, some conclusions are taken
in Section 8, along with the work to be done hereafter.

2. Literature review

In this section, we put forward some models that can be
used by computer scientists to model agents with typically
human characteristics. A current problem in the humaniza-
tion of agents is related to the lack of knowledge there still
is about human psychological functioning, and perhaps
ever more so regarding the formalization of such knowl-
edge. This problem often leaves computer scientists prone
to devise strategies that would still benefit from stronger
scientific validation. In this regard, a greater investment
in multidisciplinary teams becomes of uppermost impor-
tance. Next, we advance some models that, in our view,

show the potential of being adapted to computational sys-
tems, regardless of whether they are simulators or real
systems.

Kilmann and Thomas (1975) based on Jung’s studies
and a conflict-handling mode proposed by Blake and
Mouton (1964), suggested a model for interpersonal
conflict-handling behavior, defining five modes: competing,
collaborating, compromising, avoiding and accommodat-
ing, according to two dimensions: assertiveness and
cooperativeness.

As seen in Fig. 1, both the dimensions of assertiveness
and cooperativeness are related to the integrative and dis-
tributive dimensions as discussed by Walton and
McKersie (1965). Integrative dimensions refer to the over-
all satisfaction of the group involved in the discussion while
the distributive dimension refers to the individual’s satis-
faction within the group. It is possible to see that the
thinking-feeling dimension maps onto the distributive
dimension while the introversion-extraversion dimension
maps onto the integrative dimension. This association
becomes more evident if we conceive competitors as the
ones who seek the highest individual satisfaction and col-
laborators as the ones who prefer the highest satisfaction
of the entire group. On the other hand, avoiders, do not
worry about group satisfaction and accommodators do
not worry about individual satisfaction. They also con-
cluded that the thinking-feeling dimension did not move
towards the integrative dimension, and that the
introversion-extraversion did not overlap with the distribu-
tive dimension.

McCrae and John (1992) proposed a set of thirty traits
extending the five-factor model of personality (OCEAN
model). Based on the most commonly accepted Big Five
‘‘buckets of traits”, Costa and McCrae (1992) presented a
model that comprises the dimensions of: (a) Negative
Emotionality: as an individual’s susceptibility to negative

Fig. 1. Thomas and Kilmann’s model for interpersonal conflict-handling
behavior, adapted from Kilmann and Thomas (1975).
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emotions and a general discontent with life; (b) Extraver-
sion: broadly taken as the number of relationships with
which one is comfortable; (c) Openness: referring to the
number of interests, i.e., the variety and depth of informa-
tion one is to prone to explore; (d) Agreeableness: mea-
sured by the one’s willingness to takes norms for
behavior while deferring to figures of authority; and (e)
Conscientiousness: resulting from the number of goals on
which one is focused, where an high consciousness level
means to be able to focus on a limited number of goals
and to exhibit a high self-discipline. The traits then
included six facets for each of the factors described above.
These traits were used in a study made by Howard and
Howard (1995) in order to help them separate different
kinds of behavior styles and identify corresponding themes.
A theme is defined as ‘‘a trait which is attributable to the
combined effect of two or more separate traits”. Those
styles and themes are based on common sense and general
research, and can be inferred such as the conflict styles that
were proposed, (Negotiator, Aggressor, Submissive and
Avoider), however it is also important to refer other rele-
vant styles that were suggested such as the Decision and
Learning styles. Decision style includes the Autocratic,
Bureaucratic, Diplomat and Consensus themes while
Learning style includes the Classroom, Tutorial, Corre-
spondence and Independent themes.

Rahim (1983) created a meta-model of possible styles
for handling interpersonal conflict based on two dimen-
sions: Concern for self and Concern for the other. Later,
Rahim and Magner (1995) performed a study to assess
the construct validity of the five subscales of the Rahim
Organizational Conflict Inventory (Rahim, 1983). The
styles defined by Rahim (1983) are presented in Fig. 2
and have been adapted to our problem. Rahim (1983)
acknowledge the existence of 5 types of conflict styles: Inte-
grating, Obliging, Dominating, Avoiding and Compromis-
ing. In this work, they suggested these styles as means to

describe different possible ways of behaving in conflict sit-
uations. Their proposed styles are defined according to the
level of concern an individual shows for achieving one’s
own goal or follow other people’s objectives.

The model proposed by Rahim (1983) also relates to the
themes identified by Howard and Howard (1995) to a cer-
tain extent. The Aggressor theme resembles the Dominat-
ing style; the Negotiator theme resembles the Integrating
style; the Avoiding theme resembles the Avoider style;
and the Submissive theme resembles the Obliging style.
The main difference is the existence of the Compromising
style in the model proposed by Rahim (1983) which does
not relate to a specific theme. In theory, the Compromising
style is an intermediate state between the other styles that
were identified. It is worth noting that in psychological lit-
erature, depending on its scope, it is often not consensual
even the mere definition of single behavior styles. For
example, what we conceive as ‘‘avoidance” for the sake
of the present study may not reflect the subtleties of the
concept as proposed elsewhere. For instance, when it is
presented as an attachment style and therefore rendered
as multifold. We would then have to consider avoiders that
do not care and also the anxious, preoccupied avoiders that
do care but won’t engage, for regarding their actions as not
useful or even as detrimental to the task in hand (Fraley &
Shaver, 2000). Certainly, these examples and possible ram-
ifications abound for all other behavior styles. Nonetheless
we commit to Rahim’s formulation as a basis for our work
because, more than any other model, it has been largely
grounded in organizational contexts, from which a great
deal of his data has sprout. This too is our target of
application.

3. Related work

In this section, we present some works in the field of
computer science, which somehow deal with cognitive
and/or affective aspects. We began by taking a more gen-
eral approach and later focus on work in the area of deci-
sion support or recommendation systems.

To rephrase Doyle, Cummins, and Pollock (1991), AI is
the discipline aimed at understanding intelligent beings by
constructing intelligent systems. In 1998, Castelfranchi
(1998) said ‘‘AI is the science of possible forms of intelli-
gence, both individual and collective”. In order to build
intelligent systems, it is therefore absolutely necessary to
first know the human being (its functioning) in order to
later be able to use this knowledge in the development of
systems. Multi-agent systems have been widely used in
the last decades (Cao, Yu, Ren, & Chen, 2013; Jennings,
Sycara, & Wooldridge, 1998). The level of autonomy asso-
ciated with agents, their abilities to interact/communicate,
as well as their capability to exhibit ‘‘behaviors” are highly
praised features in ever more distributed environments (Ito
& Shintani, 1997; Jennings & Wooldridge, 1998; Van der
Hoek & Wooldridge, 2008). Many approaches have been
put forward in literature, where agents are defined withFig. 2. Conflict Styles, adapted from Rahim and Magner (1995).
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characteristics that set them apart from each other (Allbeck
& Badler, 2002; Badler, Allbeck, Zhao, & Byun, 2002;
Velsquez, 1997; Zamfirescu, 2003). Also under the topic
of group decision-making several works with agents have
been proposed (Aronson, Liang, & Turban, 2005; Olfati-
Saber, Fax, & Murray, 2007), some of which used agents
as a way to represent decision-makers/experts (Carneiro,
Martinho et al., 2017; Palomares & Martı́nez, 2014b;
Santos, Marreiros, Ramos, Neves, & Bulas-Cruz, 2009b).
This representation of decision-makers allows the systems
to become more intelligent and dynamic, given they are
capable of dealing with aspects of great relevance in face-
to-face type meetings. Zamfirescu (2003) proposed a model
with two kinds of agents: interface agents and resources
agents. Interface agents support each member that takes
part in the meeting, including the group facilitator.
Resources agents provide services for the rest of the system
(communication services, decision support system services,
and information recovery services). Iván Palomares and
Martı́nez (2014b) used agents to represent experts. To min-
imize the needed interactions with the system, the experts
can model the agent that represents them according to 1
of 3 profiles: sure profile, unsure profile and neutral profile
(see below for a more detailed description). Santos,
Marreiros, Ramos, Neves, and Bulas-Cruz (2009a) used
agents to represent decision-makers and used the Five Fac-
tor Model to model the agents with different personalities:
Aggressor, Submissive, Negotiator and Avoiding.

To model agents with human-like’ aspects is not new. At
the beginning of the new millennium, some projects related
to the agents’ humanization began to appear (André et al.,
2000; Ball & Breese, 2000; Franklin, Kelemen, &
McCauley, 1998).

Becker, Kopp, and Wachsmuth (2004) presented system
that takes into account the emotions and mood of a con-
versational agent. Like most works since then, they use
the OCC model by Ortony, Clore, and Collins (1990) to
deal with emotions. The emotions are represented in an
‘‘emotion axis” and the mood in an ‘‘orthogonal axis” that
stands for an undirected, longer lasting system state. In
addition, they ponder ‘‘boredom” in order to deal with
the absence of stimulus that the agent may face. In this
way, they get the agent to express their emotional state
according to the content of the conversation. They pre-
sented an experience in which the agent leaves the scene
when it begins to feel insulted.

André et al. (2000) presented a paper where they
describe the functioning of three projects that integrate life-
like characters. They considered that the growth in the
number of research projects related to humanization with
the goal of make human-computer interaction more enjoy-
able had become noticeable. To make the psychological
modeling of the agents they also used the OCC model (to
model the emotions) (Ortony et al., 1990) and the Five Fac-
tor Model (FFM) (to model the personality) (McCrae &
John, 1992). They stressed the importance of taking into
account affective issues in user-agent interactions. How-

ever, they did not present any type of data that quantified
how the models proposed by them allow to obtain more
satisfactory utilization processes.

Gmytrasiewicz and Lisetti (2002) presented a research
work where they included a formal definition of emotional
states and personality in a typical rational agent design
based on decision theory. This work is especially relevant
due to the hypothesis put forward by the authors: ‘‘the
main hypothesis of our work is that notions of personality
and emotions are useful in designing competent artificial
agents that are to operate within complex uncertain envi-
ronments populated by other artificial and human agents”.
The authors used the OCC model (Ortony et al., 1990) to
define the emotional states of the agents. Thus, they corre-
lated these emotional states with different modes of
decision-making. This means that each emotional state is
associated with a decision-making situation. They also con-
sider the personality of the agent, but do not use any speci-
fic personality model. They consider the personality of the
agents as a set of emotional states the agent is capable of
being in. Basically, the agents can vary their personality
according to the three emotional states considered by them:
cooperative, slightly annoyed and angry. The transitions
that can occur between these states happen due to environ-
mental inputs that they divided into 2 categories: coopera-
tive and uncooperative. Although they point to several
advantages and possible uses of the proposal, one cannot
really say that there is a true verification of the research
hypothesis. This can be seen in their own word, in the con-
clusions ‘‘we believe, will significantly enhance the applica-
tions of intelligent systems . . .”.

Lorini and Falcone (2005) presented work in which they
deal with the expectations of pro-active agents. They point
out that one of the most distinctive aspects of intelligent
agents is that they are proactive, meaning that they have
to be able to deal with the future and to represent that
future or the possible future effects. For this, in this work
they provide a precise characterization of anticipatory
mental states, to analyze their role in the generation of Sur-
prise, Relief and Disappointment. This allows the agents to
have a clear comprehension of the surprise phenomenon.
In addition, the proposed approach allows an Agenti that
expects an Agentj to take an action that is negative for it,
develops a negative strong expectation, causing it to per-
suade the Agentj to stop doing this action.

Nowadays, there are many proposals that intend to
model human-beings’ aspects in agents, such as: personal-
ity (Dimuro et al., 2007; Padgham & Taylor, 1997), emo-
tions (Ball & Breese, 2000; Gmytrasiewicz & Lisetti,
2002), cognitive styles (Frank et al., 2001), etc. There are
also some few proposals under the topic of GDSS (Ivan
Palomares et al., 2014, 2013; Recio-Garcı́a et al., 2013;
Santos et al., 2009b). All of them share the idea that the
inclusion of cognitive/affective aspects may somehow help
the decision-making process. However, (to the best of our
knowledge) most of them are oriented to be used in simu-
lated environments. The usage of such techniques in real
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systems can bring some disadvantages. ‘‘A real me” can be
a bad approach if my persona is less persuasive/intelligent/
capable than others. No one will be interested in using an
application that harms oneself. We will now present some
recent proposals under the topic of decision-making that
include agents and other important technical issues.

Miranda, Abelha, Santos, Machado, and Neves (2008)
presented a scientific work where they developed a simu-
lated medical practice scenario for intelligent decision sup-
port in the area of staging of cancer. The decisions were
taken in the context of a group meeting in order to facili-
tate the collaborative work. They used agents that could
exchange and store information to mirror real participants.
The system emulated the TNM (Classification of Malig-
nant Tumors) cancer staging system, increasing perfor-
mance and eliminating paper circulation.

Santos et al. (2009b) presented a scientific work where
they proposed a multi-agent architecture model designed
to support groups in the decision-making process. The nov-
elty of their work is the possibility to model the agent’s per-
sonality. The idea is to humanize agents and with that,
facilitate the negotiation process. They used four personal-
ity types (Negotiator, Aggressor, Submissive and Avoider)
based on the Five Factor Model (McCrae & John, 1992) to
define the agents’ personalities. To select the agent’s per-
sonality, each decision-maker needs to answer a question-
naire named Big Five Inventory (John, Donahue, &
Kentle, 1991). They also proposed a simple negotiation
model where the agents use the personalities to choose
which kind of requests they should send and to process
the received requests. The publication does not include
any case study; however, the content is very interesting
because the proposed model is based in strong assumptions
existent in the literature.

Vallejo, Albusac, Castro-Schez, Glez-Morcillo, and
Jiménez (2011) proposed a multi-agent architecture for
supporting distributed intelligent surveillance based on a
scalable normality analysis model. This scalable formal
model, allows to define and identify the normality of an
environment based in different issues (object speed, prox-
imity relationships, etc). The proposed architecture is com-
posed by three levels: reactive level, deliberative level and
user level. The researchers implemented a prototype based
on the proposed architecture to monitor a real urban traffic
environment. The objective was to analyze the trajectories
and speed of moving objects. They concluded that the use
of normality analysis improves the flexibility of the pro-
posed approach. In addition, they claimed that future sys-
tems based on this architecture can be easily extended when
it is needed. They also stated that the proposed architecture
meets some important surveillance requirements, such as
scalability and robustness. Finally, the prototype was pro-
ven to work well when the number of situations is higher
and the environments are tougher.

Palomares et al. (2013) presented a Web-based consen-
sus support system that permits the integration of the
decision-makers’ attitude regarding consensus. They study

the importance that decision-makers place in reaching con-
sensus regarding the possibility of modifying their own
preferences. Decision-makers can/adopt three attitudes:
pessimistic, indifferent and optimistic. For example, a
decision-maker who adopts an optimistic attitude, means
that for him to reach the agreement is more important than
his own preferences. In this way, the group’s options will be
given more importance. They argue that (as might be
expected) optimistic attitudes help to reach consensus while
pessimistic attitudes hamper the achievement of consensus.

Recio-Garcı́a et al. (2013) presented a group decision
support system where each decision-maker is represented
by an agent who argues with the other agents in order to
achieve the best alternative for the group. The presented
negotiation model includes the users’ social factors, person-
ality and trust in the argumentative process. The personal-
ity of decision-makers is represented by a number ranging
from [0,1] where 0 means a very cooperative person and the
reflection of a very selfish one. To study the trust, they use
the interaction of decision-makers in social networks
through a set of 10 factors. For the argumentation model,
they used D2ISCO, which is a platform for the design and
implementation of deliberative and collaborative CBR
applications. They concluded that the proposed model
allows to achieve better satisfaction rates when compared
to the standard ‘‘fully connected” group recommender.

Abraham, Flager, Macedo, Gerber, and Lepech (2014)
performed a study on the impact of using a Multi-
attribute decision-making (MADM) techniques and data
visualization methods in group decision-making processes
as a way to help reaching consensus. The authors refer that
despite the benefits of using this type of techniques being
generally recognized, their true impact had never been pre-
viously discussed. In this study they performed four char-
rettes, in each of them participants were divided in teams
ranging from 3 to 5 elements and the teams were divided
into 4 groups. The 1st group had no access to MADM
techniques nor to visualization methods, the 2nd group
had access to MADM techniques but had no access to visu-
alization methods, the 3rd group had no access to MADM
techniques but had access to visualization methods and the
4th group had access to both. They concluded that the use
of MADM methods helps the group to reach consensus,
but more important they managed to understand that the
use of visualization techniques helps decision-makers to
show the clients the reasons for which a certain proposal
is made.

Palomares and Martı́nez (2014b) presented a semisuper-
vised consensus support system (CSS) based on the multi-
agent system paradigm. The main purposes are to
overcome the difficulties associated with managing large
groups of experts and the need for constant human super-
vision. In order to minimize the need for experts’ interac-
tions with the system, they defined a strategy that allows
the experts to express their individual concerns. To do so,
they defined three different profiles: sure profile, unsure
profile and neutral profile. The first, intends to represent
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experts that are very confident about their preferences.
Therefore, they do not intend to change them. The second,
represents experts that want to achieve a consensus but are
unsure about their opinions. The third, represent the
experts that want to achieve a consensus and are moder-
ately sure about their opinions. They conducted a case
study made up by a set of experiments with the intent of
understanding the different evolution of the degree of con-
sensus between the proposed semisupervised CSS and a
full-supervised CSS. They concluded that through the pro-
posed system it was possible to minimize the need for
expert human supervision and more importantly, they con-
cluded that their proposal helps to achieve high levels of
consensus faster than the full-supervised CSS.

Palomares and Martı́nez (2014a) published a very inter-
esting work about a tool that aims to help the decision-
makers to reach consensual decisions in urgent situations.
To do so, they put forward a visual decision support tool
that can represent the experts’ preferences. This tool is
based on Self-Organizing Maps and consists in a two-
dimensional visual representation that allows to perceive
the existing levels of agreement/disagreement. The prefer-
ences are visually represented based on their similarities.
They developed an experiment to demonstrate the useful-
ness of the proposed tool, succeeding to demonstrate that
the proposed tool may help decision-makers reach consen-
sus more easily, as well as to have a better perception of the
current status of the decision process.

4. Styles of behavior in the context of group decision-making

In order for decision-makers to choose a style of behav-
ior that mirrors their intentions (to model the agent that
represents them), first and foremost it is necessary to define
the mode of action of each of the styles considered. The
approach proposed in this work was based on the model
proposed by Rahim (1983) and subsequently studied more
thoroughly in Rahim and Magner (1995), for being the one
we consider to be the most appropriate for the context of
this work. As we saw earlier (Section 2), Rahim (1983) pro-
posed 5 styles of handling interpersonal conflict (Dominat-
ing, Integrating, Compromising, Obliging and Avoiding).
He differentiated the styles of handling interpersonal con-
flict along two basic dimensions: Concern for self and Con-
cern for others. The Concern for self explains the degree
(high or low) to which a person attempts to satisfy his or
her own concerns. The Concern for others explains the
degree (high or low) to which a person wants to satisfy
the concerns of others (Rahim & Magner, 1995). These
dimensions were considered to represent the motivational
orientations of a given individual during conflict (Rahim
& Magner, 1995).

In this work, as a first step, we take on the conflict styles
proposed by Rahim (1983) and we call them behavior
styles. The designation of behavior styles is preferred for
expressing something more comprehensive that serves for
example to define the activity level of the agent. In addi-

tion, the idea is that a decision-maker can select a behavior
style for the agent that represents him/her in a context of
group decision-making. This behavior may vary through-
out the process, i.e., the decision-maker must be able to
change the behavior of the agent whenever he/she sees fit.
Also, we define each behavior style specifically for the con-
text of group decision-making:

� Dominating: An individual functioning according to a
Dominating style feels that he/she holds the key to the
problem. The individual actively engages in the
decision-making process and seeks to impose his opin-
ion on others.

� Obliging: An Obliging functioning easily tends to yield
his position to follow the interests of the group, choos-
ing to follow the opinions of others instead of sharing
his own.

� Avoiding: An Avoiding functioning is related to disen-
gagement. Such an individual seeks not to be involved
in decision-making, devaluing both the process and the
opinion of all stakeholders.

� Compromising: A Compromising functioning privileges
a collaborative style. It seeks to reach consensual deci-
sions, valuing both their own opinions and those of
others in the group. Here, the individual is moderately
involved in the decision-making process.

� Integrating: An Integrating functioning privileges a col-
laborative style. It seeks to achieve consensual decisions,
valuing both their own opinions and those of others very
much. The individual prefers to manage the entire deci-
sion process in a highly committed manner.

As we mentioned earlier, Rahim (1983) used two dimen-
sions (Concern for self and Concern for others) to differen-
tiate conflict styles. Each style was rated in these
dimensions according to 2 levels (Low or Mid). Later, in
Rahim and Magner (1995), ‘‘there are 3 levels”, since they
consider ‘‘Compromising” as a style that ‘‘involves moder-
ate concern for self as well as the other party involved in
conflict”.

In this work, we also consider the two dimensions pro-
posed by Rahim (1983) to define agent behavior due to
its high relevance in the context of group decision-
making. However, to properly define the mode of action
of each of the behavior styles in this context, these 2 dimen-
sions are not sufficient. For this, we correlated the conflict
styles proposed by Rahim (1983) with conflict styles pro-
posed by Howard and Howard (1995) (see Table 1).

The conflict styles proposed by Howard and Howard
(1995) are defined using 4 of the 5 factors of the Five Fac-
tor Model (McCrae & Costa, 1995). The factors used are:
Negative Emotionality (N), Extraversion (E), Agreeable-
ness (A) and Conscientiousness (C). Table 2 presents the
classification of the conflict styles proposed by Howard
and Howard (1995). A plus sign (+) indicates a score above
55; a minus sign (�) indicates a score below 45, and a letter
with no plus or minus indicates a score in the 45–55 range.
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The 45–55 range comprises one standard deviation in the
middle/from the mean of the population.

Because Howard and Howard’s conflict styles are classi-
fied in this way, it becomes possible to perceive/describe
them through the facets that Costa and McCrae (1992)
defined for each factor. Table 3 presents a small example
of some of the facets related to the ‘‘Extraversion” factor.
We can see that the conflict style ‘‘Aggressor” (see Table 2)
can be described as: ‘‘prefers company”, ‘‘a leader” and
vigorous. On the other hand, the ‘‘Submissive” can be
described as: ‘‘prefers alone”, ‘‘in background” and
‘‘leisurely”.

We use the facets proposed by Costa and McCrae (1992)
to identify the remaining dimensions necessary to define
our behavioral styles. The first dimension is that of ‘‘Resis-
tance to change” which is related to the facets identified in
the ‘‘Agreeableness” factor. The second dimension is that
of ‘‘Activity Level” which has to do with the facets identi-
fied as the ‘‘Extraversion” factor. With our dimensions
already identified we are now in position to describe them
in this context of group decision-making.

� Concern for self: This dimension is concerned with how
much the decision-maker values achieving his or her
own goals. It directly influences the number of requests
that will be made by the agent. An agent with a higher
concern for self makes more requests to achieve his/
her goals faster.

� Concern for others: This dimension is related to the
extent to which the decision-maker values achieving
the objectives of the group, or of a subgroup of
decision-makers that he considers important/credible.
An agent with a high degree of concern for others has
a wider ability to accept certain types of requests.

� Resistance to change: This dimension is related to the
ease with which the agent accepts requests. This means
that an agent with a high resistance to change is much
less able to accept requests than an agent with a low
resistance to change.

� Activity level: This dimension is related to the level of
participation of the agent in the process. An agent with
a high level of activity level engages more in the process,
carrying out more questions and affirmations/state-
ments. On the other hand, an agent with a low activity
level is less interventive, limiting himself to responding
rather than starting new dialogue topics.

We present in Table 4 the classification of each of our
behavioral styles in each of the dimensions identified. This
classification is completely theoretical, based on the data
found in the literature.

Seen that there is no conflict style in Howard and
Howard (1995) equivalent to the ‘‘Compromising” conflict
style in Rahim (1983), we assume that this behavior style in
the dimensions of ‘‘Resistance to change” and ‘‘Activity
Level” has a Moderate level. It is important to note that
in this work and contrary to what happens in other works
(Howard & Howard, 1995; Kilmann & Thomas, 1975;
Rahim, 1983), we are not evaluating individuals them-
selves. We are grounding our study in already existing
models to define behaviors in agents that represent
people. This means that the important thing is for people
to be able to understand a certain style of behavior in the
same way when the style is to be selected. This means that
if the population homogeneously considered the
‘‘Dominating” as having a low ‘‘Activity Level” low, it
would not be problematic, as long as this understanding
was identical.

5. Study 1

In this section, we intend to determine the operating
values that can later be used to model our agents accord-
ing to four dimensions: Concern for self, Concern for
others, Resistance to change and Activity level. Based
on these dimensions, we will be able to configure five
behavior styles: Dominating, Integrating, Obliging,
Compromising and Avoiding. In order to achieve
this, first, as previously put forward in (h1) we needed
to empirically validate the values that would correspond
to each style of functioning. So, the step that follows
implies asking a group of participants how do they
perceive what is expected in terms of the behavior that
each style would present in the context of group
decision-making.

Table 1
Proposed correspondence between Rahim’s and
Howard and Howard’s conflict styles.

Rahim (1983) Howard and Howard (1995)

Dominating Aggressor
Integrating Negotiator
Compromising –
Obliging Submissive
Avoiding Avoider

Table 2
Conflict styles proposed by Howard and
Howard (1995).

Theme Components

Negotiator N, E(+), A, C(�)
Aggressor N+, E+, A�, C+
Submissive N�, E�, A+, C�
Avoider N+, E�, C�

Table 3
Example of some of the facets related to the ‘‘Extraversion” factor.

Extraversion Introvert (E�) Ambivert (E) Extravert (E+)

Gregariousness Prefers alone Alone/others Prefers company
Assertiveness In background In foreground A leader
Activity Leisurely Average pace Vigorous
. . . . . . . . . . . .
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5.1. Method

5.1.1. Participants

In this study participants were 64 adults, 39 men and 25
women, aged between 19 and 68 years old (M = 33.56;
SD = 10.84) all of which either had higher education
degrees or were undergraduate students (10%). In respect
to their fields of expertise, respondents were professionals
from a wide variety of backgrounds, ranging from technol-
ogy to social sciences. In Fig. 3 we present their
distribution.

5.1.2. Procedure
In this study, participants were asked to classify the five

proposed behavior styles in four dimensions: (a) Concern
for self; (b) Concern for others; (c) Resistance to change;
(d) and Activity level in a questionnaire ranging from 0
to 10 (by means of a visual analogic scale). All respondents
were asked to fill out the questionnaire in the researcher’s
presence to ensure engagement in the task and/or to pro-
vide assistance in the clarification of concepts or modes
of signaling the answers.

To define ‘‘Concern for self”, participants were asked
‘‘how worried about achieving his/her own objectives” is
each style of functioning; to define ‘‘Concern for others”
they were asked ‘‘how worried about achieving other’s
objectives” do they consider each behavioral style to be;
to measure ‘‘Resistance to change” participants were asked

‘‘how likely to resist change” do you think each behavioral
style is; and to measure ‘‘Activity level” participants were
asked ‘‘how interventive” do they consider each behavioral
style to be.

To make it apprehensible, an example-situation was pre-
sented to the participants, concerning a hypothetical plan-
ning of a dinner (choosing a restaurant) in the context of a
group.

Actual instructions read as follows:
The present study intends to contribute to the develop-

ment of a tool that allows to assist several professionals
in group decision-making processes. Each person will be
represented by a virtual decision-maker – a ‘‘robot” – that
acts according to a type of behavior he chose. You may
think of him as if he was your ‘‘virtual assistant”. This
way you may choose your behavior style among multiple
profiles and then delegate to him the function of making
decisions on your behalf, in interaction with other agents
either real or virtual.

For a better understanding, note the following example:

``Imagine that you worked in an organization and that

your team would have to take part in choosing the restau-

rant where the Christmas dinner would be held. Certainly,

there would be several possible options and also several
criteria that would guide the discussion of the group, such

as: the distance to the restaurant, the average price of the

meal, the waiting time, the existence or not of a smoking

area or even the desire to please the tastes of the team lea-

der. Whatever the priorities might be, your assistant could

represent you according to higher or a lower interest in

forcing your position or let yourself be led by the opinions

of others. Here are 5 types of functioning you could set for
your assistant.”

After collecting the data from the 64 respondents, we
could have values for mean and standard deviation for
all four dimensions, which allowed us to compare each
one according to all five behavior styles and also have
numeric values for later use (in Study 2). Here, we present
mean values and standard deviations for Concern for self
(Fig. 4), Concern for others (Fig. 5), Resistance to change
(Fig. 6) and Activity Level (Fig. 7).

5.2. Results

In this sub-section, we will report the values we obtained
from our group of participants, that later will be used to

Table 4
Classification of behavioral styles in the considered dimensions (Low, Mid, High).

Styles of behavior Concern for self Concern for others Resistance to change Activity level

Dominating High Low High High
Integrating High High Mid Mid/High
Obliging Low High Low Low
Compromising Mid Mid Mid Mid
Avoiding Low Low Low Low

Fig. 3. Distribution of participants according to area of expertise.

J. Carneiro et al. / Cognitive Systems Research 47 (2018) 109–132 117



3.2 representing decision-makers 105

model agents with the five behavior styles that we pro-
posed. Values for each style will be grouped according to
the four behavior dimensions that were evaluated.

Regarding the dimension Concern for self, the clearly
highest scoring styles of behavior are Dominating

(M = 9.47; SD = 0.54) and Integrating (M = 7.77;
SD = 1.43), in this order. It is worth noting that when
defining the values of Concern for self, participants showed
more variability for the Integrating style. Then we have
‘‘medium” values for Compromising (M = 5.48;

Fig. 4. Box plot of concern for self.

Fig. 5. Box plot of concern for others.

Fig. 6. Box plot of resistance to change.
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SD = 0.67) and ‘‘low” and ‘‘very low” for Obliging
(M = 1.97; SD = 1.19) and Avoiding (M = 1.08;
SD = 0.93), respectively. We may be in the presence of a
bottom effect regarding this dimension and style of behav-
ior. In Fig. 4 we present the box plot of each style of behav-
ior regarding the dimension Concern for self.

Regarding the Concern for others dimension, there are
clearly three high scoring styles of behavior, in a decreasing
order: Obliging (M = 8.73; SD = 0.97), Integrating
(M = 8.46; SD = 0.81) and Compromising (M = 6.16;
SD = 1.33) and two (very) low scoring styles: Dominating
(M = 1.71; SD = 1.44) and Avoiding (M = 0.90;
SD = 0.91). In Fig. 5 we present the box plot of each style
of behavior regarding the Concern for others dimension.

In the Resistance to change dimension, the Dominating
style clearly stands out as the highest scoring style
(M = 9.16; SD = 0.71). Then, in a decreasing manner,
Integrating (M = 5.43; SD = 0.49) and Compromising
(M = 4.16; SD = 1.23) score ‘‘medium” values, and Oblig-
ing (M = 1.24; SD = 0.82) and Avoiding (M = 0.96;
SD = 0.88) present ‘‘low” values. In Fig. 6 we present the
box plot of each style of behavior regarding the Resistance
to change dimension.

The highest values found for the dimension of Activity
level are those of the Dominating (M = 9.38; SD = 0.63)
and Integrating (M = 9.00; SD = 0.87) styles. Compromis-
ing (M = 5.84; SD = 1.30) has a ‘‘medium” value and both
Obliging (M = 2.28; SD = 1.28) and Avoiding (M = 0.52;
SD = 0.59) styles present a ‘‘low” activity level. In Fig. 7
we present the box plot of each style of behavior regarding
the Activity level dimension.

With the purpose of assessing the consistency/repro-
ducibility of the measurements made by our participants,
next we present Intraclass Correlation Coefficient (ICC)
for each of the behavior dimensions studied. For all dimen-
sions results are above 0.900, more precisely between 0.915
and 0.941 so the agreement level can be considered excel-
lent by any standards, for example Cicchetti (1994). We
also can see that in all dimensions, results are highly
significant (p < 0.001). In sum, these results show that

our participants highly agree on how to define the dimen-
sions of Concern for self, Concern for others, Resistance
to change and Activity level both in magnitude in relative
position across the five behavior styles. The same is to
say that there is very high agreement on how to attribute
different values according to the behavioral styles and also
on how the 5 of them should be ordered within each of the
4 dimensions, which certainly may prove useful when pre-
senting options for a problem/agent configuration. Table 5
presents ICC values for each dimension, with the responses
of 64 participants for 5 behavior styles.

After what we presented for mean, standard deviation
and ICC values, we are in position to state that we can
safely rely on the attained values for their usage as operat-
ing values for the different styles of behavior. This way, we
present in Table 6 average operating values for the 5 behav-
ior styles so that they can be used in Study 2 as well as in
future work that may rely on these variables.

6. Study 2

In this section, after having presented the attained oper-
ating values, we will assess whether computer agents can
act according to the defined styles of behavior and if a
group decision support system that uses agents modelled
with behavior styles may benefit from their heterogeneity.

As we will see in Section 6.2, to run our experiments we
implemented the argumentation-based negotiation model
proposed in Joao Carneiro, Martinho et al. (2017), with
a communication environment as proposed in Carneiro,
Martinho, Marreiros, and Novais (2016b). However, for
agents to have a social behavior equivalent to that
performed by humans, it is necessary to define a correct
communication flow. In a face-to-face meeting,
decision-makers share the same space at the same time
(DeSanctis & Gallupe, 1987). This means that when a
decision-maker expresses himself/herself, whether it is
verbal communication or otherwise, this communication
is received by all other decision-makers at the same time.
In a virtual environment, where agents communicate

Fig. 7. Box plot of activity level.
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simultaneously, this reception is not done at the same time
due to technological limitations. This situation means that
at certain moments of time there are agents who are in pos-
session of knowledge that other agents still do not have,
and can benefit from that prior knowledge unintentionally.
Therefore, in this work we propose a communication flow
that guarantees impartiality, promoting a type of interac-
tion similar to that realized by real decision-makers, in
face-to-face type meetings.

6.1. Communication flow

We assume that each decision-maker is represented in a
GDSS by a participating agent ðAgP Þ. The participating
agent seeks to represent the interests of the decision-
maker. In addition, we also assume the existence of a facil-
itating agent ðAgF Þ. The AgF is responsible for managing
the meeting, initiating/finalizing the process and manag-
ing/handling communications. In a simplistic way, the

communication flow that we propose implements an
acknowledgment mechanism that ensures the reception of
the messages by the AgP before a new dialogue can be
initiated.

In a first step the AgF notifies all AgP that the meeting
started (Fig. 8 – Step 1). Then all AgP notify the AgF that
they are ready to start the meeting (Fig. 8 – Step 2).

When the number of participating agents ‘‘Ready”
equals the number of participants in the meeting process
(see Fig. 12), AgF invites AgP to start a new dialogue topic
(Fig. 9 – Step 3). AgP generate a participation time based
on their style of behavior (if they have something to say,
otherwise they return ‘‘No”) and send it to the AgF
(Fig. 9 – Step 4).

AgF (Fig. 9 – Step 4) selects the AgP that sent a higher
participation time (of course, participating agents with a
higher activity level are more likely to be selected). Then
the AgF notifies all AgP about the AgP that was selected
(Fig. 10 – Step 5). The selected AgP sends the message that

Table 5
ICC values for each dimension.

Intraclass Correlation Coefficient – Concern for Self

Intraclass Correlationb 95% Confidence F Test with True Value 0

Lower Bound Upper Bound Value df1 df2 Sig

Single Measures 927a 818 991 797.442 4 252 000
Average Measures 999c 997 1000 797.442 4 252 000

Intraclass Correlation Coefficient – Concern for Others

Intraclass Correlationb 95% Confidence F Test with True Value 0

Lower Bound Upper Bound Value df1 df2 Sig

Single Measures 915a 791 989 744.848 4 252 000
Average Measures 999c 996 1000 744.848 4 252 000

Intraclass Correlation Coefficient – Resistance to change

Intraclass Correlationb 95% Confidence F Test with True Value 0

Lower Bound Upper Bound Value df1 df2 Sig

Single Measures 938a 842 992 1017.069 4 252 000
Average Measures 999c 997 1000 1017.069 4 252 000

Intraclass Correlation Coefficient – Activity Level

Intraclass Correlationb 95% Confidence F Test with True Value 0

Lower Bound Upper Bound Value df1 df2 Sig

Single Measures 941a 849 992 1026.275 4 252 000
Average Measures 999c 997 1000 1026.275 4 252 000

Two-way mixed effects model where people effects are random and measures effects are fixed.
a The estimator is the same, whether the interaction effect is present or not.
b Type A intraclass correlation coefficients using an absolute agreement definition.
c This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise.

Table 6
Mean values of each behavior style in the four dimensions.

Behavior Style Concern for self Concern for others Resistance to change Activity level

Dominating 9.47 1.71 9.16 9.37
Obliging 1.97 8.73 1.24 2.28
Avoiding 1.08 0.9 0.96 0.52
Compromising 5.48 6.16 4.16 5.84
Integrating 7.77 8.46 5.43 9
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it wants to transmit to AgF and AgF spreads this message
to all other AgP (Fig. 10 – Step 6).

All agents who have received the message may respond
with a new Illocution or if they have nothing to respond
they send an acknowledgment to notify the AgF that they
have received Illocutionx (Fig. 11 – Step 7). The first
Illocution-type response that the AgF receives is sent to all
AgP (repeating Step 6), causing all AgP that have responded
to Step 7 with an Illocution to automatically know if the
message being spread is theirs or not (Fig. 11 – Step 8).
For each Illocution that AgF diffuses through AgP it expects
to receive n� 1 responses (Illocutions or acknowledg-

ments), where n is the number of AgP involved in the deci-
sion process. In the case of Fig. 11 – Step 7, the AgF received
2 Illocution (Illocutiony and Illocutionz) in response to
Illocutionx. Therefore, AgF selects the Illocution it received
first and sends this message to other AgP (Fig. 11 – Step 8).
AgP 3 who had previously attempted to make a communica-
tion (Illocutionz) may try to send his message again if it still
makes sense given the new knowledge it has received
(Illocutiony). When for each Illocution sent, there are
n� 1 responses, the process returns to Step 3.

Now we will present the internal functioning of each of
the agents involved in the process. As mentioned, the AgF

Fig. 8. Communication Flow’s Step 1 and Step 2.

Fig. 9. Communication Flow’s Step 3 and Step 4.
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is responsible for ‘‘managing” the meeting. In this way, it is
responsible for initiating/finalizing the process and manag-
ing the flow of communication. Fig. 12 shows the facilita-
tor agent’s flowchart. The AgF is responsible for
initiating and terminating the decision process. Initially
he starts by starting the meeting and expects all AgP to
be ready. He then invites the AgP to initiate a dialogue
and controls the flow of communication (as previously
described). This process is repeated every time until one
of two things happens: no participant agent wants to start

a new dialogue or consensus has already been reached
towards an alternative.

Participating agents represent decision-makers in this
virtual environment. In the communication environment
proposed in Carneiro et al. (2016b) and on the basis of
which we rely, participating agents can conduct two types
of conversations: public conversations (as previously
described) and private conversations of type 1 to 1, which
are used only for making requests. When a participating
agent is notified by the AgF that the meeting will is about

Fig. 10. Communication Flow’s Step 5 and Step 6.

Fig. 11. Communication Flow’s Step 7 and Step 8.
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to begin, the AgP will notify the AgF that it is Ready and
sends back other information such as preferences and goals
(Fig. 13). After the meeting has all the conditions to begin,
AgF invites AgP to start a dialogue, each AgP checks if it
has something to communicate, if it does, it generates a
participation number based on its style of behavior
(Fig. 13). If a certain AgP is selected to speak, it sends its
message to the AgF otherwise it waits to receive a message
(Fig. 13).

Finally (Fig. 14), when an AgP receives a new message it
starts by checking which type of message, if it is a request
(that is, it is a message from 1 to 1) it processes it and sends
the response to AgP that had made the request. If it
accepted the request, it will send a message to AgF to
update it with his new preferences. If the message is not a
request, it processes the message and checks if it has inter-
est or conditions to respond to this message, if it does not
send an ‘‘Ack” otherwise it sends a response. Each time an
AgP receives a new message other than a request type mes-
sage, it checks if this new information offers the conditions
for it to make requests to other AgP , if this happens, it
sends the requests (Fig. 14).

6.2. Experiment

Communication flow was created with the objective of
studying two very concrete hypotheses. The first one (h2)
is to understand if the agents can correctly represent the
decision-makers taking into account the data obtained in
experiment 1. This way, we intend to study if using a
face-to-face decision scenario, agents can actually display
behavior according to the modelled values (in each of the
dimensions proposed in study 1). The second hypothesis
(h3) is related to perceiving what kind of ‘‘impact” each
of the proposed behavioral styles has. As mentioned ear-
lier, given that this proposal has as its main objective to
be applied in systems that are used in the real world by real
decision-makers, it would not make sense to have a style of
behavior that would always be benefited. It would not
make sense for decision-makers to know that, in the end,
whoever chooses a particular style of behavior always wins.
That would not represent the heterogeneity of the world we
live in. The point about representing the intentions of
decision-makers through behavioral styles is that they
may serve as an advantage for all decision-makers because
they would be better represented in the system.

To perform our simulations, we used a prototype (previ-
ously developed) that uses a negotiation architecture based
on social networks (Carneiro et al., 2016b) and implements
the argumentation-based negotiation model proposed in
Carneiro, Martinho et al. (2017).

To study (h2) we created 4 simulations environments,
the first with 5 agents (1*Dominating, 1*Integrating,
1*Obliging, 1*Compromising, 1*Avoiding) the second
with 10 agents (2*Integrating, 2*Obliging, 2* Compromis-
ing, 2*Avoiding), the third with 20 agents (4*Dominating,
4*Integrating, 4*Obliging, 4* Compromising, 4*Avoiding)
and at last the forth with 40 agents (8*Dominating, 8*Inte-
grating, 8*Obliging, 8* Compromising, 8*Avoiding). We
have created several simulation environments because we
considered at the outset that because agents act using dif-
ferent behavioral styles, their behavior may vary according
to the number of agents and the behavioral style of the
other agents with which they are involved in the decision
process. We used the multicriteria problem previously used
in case studies as presented in Carneiro, Martinho,

Fig. 12. Facilitator agent’s flowchart.
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Conceição, Marreiros, and Novais (2017), Carneiro,
Martinho, Marreiros, and Novais (2016a) and each agent
generated its preferences regarding the alternatives and cri-
teria in a ‘‘random” way. Initially each agent randomly
generated its preferences regarding the criteria and then,
based on these preferences, it generated the preferences of
the alternatives with a randomness that made would be
plausible taking into account the values of the criteria of
each alternative and preferences of previously generated
criteria. For each simulation environment, we ran 100 sim-
ulations (100*4 in total).

Study of ‘‘Concern for self” dimension through the anal-
ysis of number of requests made by the agents.

To study the dimension of ‘‘Concern for self” we have
analyzed the number of requests made by the agents of
each behavior style. Table 7 presents data related to the
analysis of Concern for self. The m[0,1] represents the val-
ues obtained in experiment 1 relative to the dimension of
‘‘Concern for self” in each behavior style. G. represents
the values m[0,1] normalized on a scale of [0,1], where the
sum of all values equals 1. The m represents the average
number of requests made by each style of behavior over
the 100 simulations. The r represents the standard devia-
tion of the number of requests made by each style of behav-
ior over the 100 simulations. The Min. is the minimum

number of requests made and the Max. is the maximum
number of requests made in the 100 simulations. P. repre-
sents the values of m normalized on a scale of [0,1], where
the sum of all values is equal to 1.

We can verify that in all simulation environments and as
expected, agents with the ‘‘Dominating” behavior style are
the ones that make the most requests. On the other hand,
the agents that perform the least requests are the ‘‘Avoid-
ing” style ones. We also found that the values of G. and
P. are slightly different. However, this is because although
agents with behavior styles such as ‘‘Dominating” and
‘‘Integrating” are more likely to make requests, this prob-
ability is also affected by the argumentation system used.
In this case, using the one proposed in Carneiro,
Martinho et al. (2017) they have a limited number of
requests that can be made, which makes that in situations
where agents do not quickly obtain consensus, these styles
of behavior (‘‘Dominating” and ‘‘Integrating”) no longer
have requests to make, causing agents with other styles
to approach the number of requests made by them.

In order to study the dimension ‘‘Concern for others”
we analyzed the number of appeal to prevailing practice
accepted by the agents of each style of behavior. The
appeal to prevailing practice was used to study the ‘‘Con-
cern for others” dimension because the only situation in

Fig. 13. Participant agent’s flowchart.
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Fig. 14. Participant agent’s flowchart.
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which this dimension is used (according to the
argumentation-based negotiation model implemented) is
in the formula for evaluating this type of request. Table 8
presents data related to the analysis of ‘‘Concern for
others”.

The m[0,1] represents the values obtained in study 1 rel-
ative to the dimension of ‘‘Concern for others” in each
behavior style. G. represents the values m[0,1], standardized
on a scale of [0,1], where the sum of all values is equal to 1.
m represents the average number of common practices

accepted by each behavior style over the course of the
100 simulations. The r represents the standard deviation
over the 100 simulations. The Min. is the minimum number
of accepted requests and the Max. is the maximum number
of requests accepted in the 100 simulations. P. represents
the values m of normalized on a scale of [0,1], where the
sum of all values is equal to 1. In this case, we have verified
that agents with the ‘‘Dominating” behavior style are the
ones that accept fewer ‘‘common practices” requests. On
the other hand, the agents who generally are more willing

Table 7
‘‘Concern for self” dimension – number of requests made with n agents for the 5 behavior styles.

Dominating Integrating Obliging Compromising Avoiding

m[0,1] 0.95 0.78 0.20 0.55 0.11
G. 0.36 0.30 0.07 0.21 0.04

Concern for self 5 Agents m 12.65 11.91 7.96 10.72 7.2
r 4.89 4.67 2.66 3.81 2.79
Min. 4 2 3 3 2
Max. 27 24 15 23 15
P. 0.25 0.23 0.15 0.21 0.14

10 Agents m 43.99 40.03 27.06 35.85 23.54
r 11.64 9.97 5.05 8.03 4.41
Min. 22 19 13 21 10
Max. 74 74 43 59 38
P. 0.25 0.23 0.15 0.21 0.13

20 Agents m 118.69 110.74 75.19 103.06 64.89
r 28.93 24.61 12.07 21.08 10.15
Min. 55 56 42 53 40
Max. 214 183 118 186 99
P. 0.25 0.23 0.15 0.21 0.13

40 Agents m 305.75 282.32 186.30 256.97 160.98
r 62.86 55.65 22.93 42.64 19.47
Min. 149 147 123 148 94
Max. 499 540 268 381 227
P. 0.25 0.23 0.15 0.21 0.13

Table 8
‘‘Concern for others” dimension – number of appeals to prevailing practice accepted by n agents for the 5 behavior styles.

Dominating Integrating Obliging Compromising Avoiding

m[0,1] 0.17 0.85 0.87 0.62 0.09
G. 0.06 0.32 0.33 0.23 0.03

Concern for others 5 Agents m 0 0.09 0.16 0.11 0.19
r 0 0.28 0.36 0.31 0.39
Min. 0 0 0 0 0
Max. 0 1 1 1 1
P. 0 0.16 0.29 0.20 0.34

10 Agents m 0.015 0.11 0.17 0.09 0.11
r 0.12 0.31 0.41 0.30 0.31
Min. 0 0 0 0 0
Max. 1 1 2 2 1
P. 0.03 0.22 0.34 0.18 0.22

20 Agents m 0.01 0.08 0.18 0.09 0.07
r 0.11 0.28 0.42 0.30 0.26
Min. 0 0 0 0 0
Max. 1 2 2 2 1
P. 0.02 0.18 0.40 0.21 0.17

40 Agents m 0.008 0.09 0.17 0.06 0.06
r 0.09 0.30 0.39 0.25 0.27
Min. 0 0 0 0 0
Max. 1 2 2 2 2
P. 0.02 0.23 0.41 0.16 0.16
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to accept this type of request are the ‘‘Obliging”. It is inter-
esting to note that in the simulation environment with 5
agents, the ‘‘Avoiding” agents were the ones that most
accepted this type of request, even though ‘‘Avoiding”
had a low concern for others. However, this happens
because the formula used to evaluate this type of requests,
besides ‘‘Concern for others” also considers the agents’
‘‘Resistance to change”, which in turn is known to be extre-
mely low in the Avoiding. As shown in the 40 agent scenar-
io, the values of G. and P. are quite similar, the existing
difference is due to the fact that, in the acceptance formula
for this type of requests, ‘‘Resistance to change” is consid-
ered as part of the agents’ behavioral style.

To study the dimension of ‘‘Resistance to change” we
analyzed the number of requests accepted by the agents
of each style of behavior. Table 9 presents data related to
the analysis of Resistance to change. The m[0,1] represents
the values obtained in study 1 regarding the dimension of
‘‘Resistance to change” in each of the behavior styles. A.
represents the average percentage of accepted requests for
each style of behavior. P. represents the values of A., stan-
dardized on a scale of [0,1], where the sum of all values is
equals 1.

Irrespectively of the calculation the acceptance of any
type of requests used in the argumentation-based negotia-
tion model proposed in Carneiro, Martinho et al. (2017),
and of having the agents expressing preferences for several
alternatives and different criteria, it was verified that, in the
long term, the values of G. and P. remain practically the
same. The agents presented a resistance to change almost
equal to that identified in study 1 for each of the behavior
styles.

In order to study the dimension ‘‘Activity level” we ana-
lyzed the average number of statements and questions
made by the agents of each style of behavior during the
100 simulations. Table 10 presents the data related to the
analysis of ‘‘Activity level”. The m[0,1] represents the values
obtained in study 1 regarding the dimension of ‘‘Activity
level” in each behavior style. G. represents the values m
[0,1] normalized on a scale of [0,1], where the sum of all val-
ues equals 1. m represents the mean number of statements
and questions performed by each style of behavior over
100 simulations. The r represents the standard deviation

over 100 simulations. The Min. is the minimum number
of interventions performed and the Max. is the maximum
number of interventions in the 100 simulations. P. repre-
sents normalized values of m on a scale of [0,1], where the
sum of all values equals 1.

We have verified that in relation to the dimension of
‘‘Activity level” the values of G. and P. were very similar.
It is interesting to note that as the number of agents was
increased in the various simulation environments, the fact
that there were several ‘‘Dominating” and ‘‘Integrating”
agents in the same decision process led to the monopoliza-
tion of the conversation by them.

To study (h3) we created 2 simulation environments
where 5/12 agents sought to achieve consensus. We created
groups of 5 simulations where in these 5 simulations each
of the 5/12 agents always had the same preferences regard-
ing the alternatives and criteria. In addition, 4/11 agents
always maintained the same behavioral style and there
was 1 agent (which was the target agent) that in each of
the 5 simulations had each of the 5 possible behavior styles
(without repetition). The idea was to compare each of the
styles of behavior under the same context. Each group of
5 simulations was repeated 20 times, the difference from
one group to another being that the agents generated
new preferences for alternatives and criteria and the other
4/11 agents adopted a new behavioral styles (randomly).
A total of 200 simulations were performed (2*5*20). To
understand the impact of the decision on each of the
agents, satisfaction was used as a metric, according to
Carneiro, Santos, Marreiros, and Novais (2017). Satisfac-
tion varies on a scale of [�1,1], where -1 means extremely
dissatisfied and 1 means extremely satisfied.

Table 11 shows the average satisfaction and the stan-
dard deviation of the target agent using each behavior style
in a simulation environment with 5 agents. We found that
on average, satisfaction was higher using the ‘‘Dominat-
ing” behavior style, however, it was also with the ‘‘Domi-
nating” behavior style that satisfaction showed the most
variability. Through the use of the ‘‘Obliging” behavior
style, the agent achieved on average the lowest satisfaction
but also less variable.

Table 12 shows the number of times the target agent
achieved more or less satisfaction in each of the groups

Table 9
‘‘Resistance to change” dimension – number of requests accepted by n agents for the 5 behavior styles.

Dominating Integrating Obliging Compromising Avoiding

m[0,1] 0.92 0.54 0.12 0.42 0.10
G. 0.02 0.15 0.30 0.20 0.31

Resistance to change 5 Agents A. 2.20% 9.81% 26.88% 14.66% 23.57%
P. 0.02 0.12 0.34 0.19 0.30

10 Agents A. 0.71% 6.18% 11.45% 7.51% 10.19%
P. 0.01 0.17 0.31 0.20 0.28

20 Agents A. 0.45% 2.71% 5.19% 3.39% 5.04%
P. 0.02 0.16 0.30 0.20 0.30

40 Agents A. 0.21% 1.23% 2.45% 1.65% 2.40%
P. 0.02 0.15 0.30 0.20 0.30
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of 5 simulations with each behavior styles (5 agent). ‘‘1st
means the highest satisfaction” and ‘‘5th” means the lowest
satisfaction within each set of 5 simulations. For example,
with the Dominating behavior style, the agent was able to
achieve 14 times the best satisfaction result in relation to
the other behavior styles (under the same conditions).
However, the Dominating behavior style also caused the
agent to get the worst satisfaction result 6 times. We found
that by using the ‘‘Integrating” style of behavior in this
simulation environment most of the times, the satisfaction
obtained was intermediate.

Fig. 15 shows the satisfaction obtained by the target
agent in the 5-agent simulation environment using the
Dominating and Obliging behavior styles. As we can see,
although most of the time the ‘‘Dominating” achieves
greater satisfaction, when it cannot achieve its goals it is
also much more dissatisfied. On the other hand, the

‘‘Obliging” shows that its satisfaction throughout the vari-
ous simulations is more stable.

Table 13 shows the average satisfaction and standard
deviation of the target agent using each of the behavior
styles in a 12 agent environment simulation. It was again
verified that the agent with the ‘‘Dominating” style contin-
ues to achieve the highest average satisfaction, showing
also the most variability. With 12 agents, the average satis-
faction of ‘‘Integrating” was quite close to that of ‘‘Domi-
nating” with the advantage of showing much less
variability.

Table 14 shows the number of times the target agent
achieved more or less satisfaction in each of the 5-
simulation groups with each of the behavior styles (12
agents) – ‘‘1st” means/refers to the highest satisfaction
and ‘‘5th” means the lowest satisfaction within each set
of 5 simulations.

Table 10
‘‘Activity level” dimension – number of statements and questions made by n agents for the 5 behavior styles.

Dominating Integrating Obliging Compromising Avoiding

m[0,1] 0.94 0.90 0.23 0.58 0.05
G. 0.34 0.33 0.08 0.22 0.02

Activity level 5 Agents m 3.6 3.28 1.31 2.19 0.65
r 1.48 1.82 1.06 1.30 0.71
Min. 0 0 0 0 0
Max. 8 9 4 6 2
P. 0.32 0.29 0.11 0.19 0.05

10 Agents m 3.28 3.41 0.8 1.65 0.59
r 1.41 1.50 0.79 1.13 0.69
Min. 0 0 0 0 0
Max. 8 9 4 5 3
P. 0.33 0.35 0.08 0.16 0.06

20 Agents m 2.56 2.56 0.38 0.87 0.18
r 1.41 1.52 0.63 0.89 0.41
Min. 0 0 0 0 0
Max. 8 9 3 5 2
P. 0.39 0.39 0.05 0.13 0.02

40 Agents m 1.82 1.54 0.11 0.33 0.05
r 1.27 1.21 0.34 0.61 0.24
Min. 0 0 0 0 0
Max. 8 7 2 5 2
P. 0.47 0.4 0.02 0.08 0.01

Table 11
Mean and standard deviation of satisfaction with five agents.

Dominating Integrating Obliging Compromising Avoiding

m 0.33 0.21 0.19 0.21 0.25
r 0.54 0.30 0.23 0.29 0.27

Table 12
Number of times each style appears in the several ranks of satisfaction.

Dominating Integrating Obliging Compromising Avoiding

1� 14 0 4 1 1
2� 0 2 3 4 11
3� 0 15 2 3 0
4� 0 2 2 10 6
5� 6 1 9 2 2
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Fig. 16 presents the satisfaction obtained by the target
agent in the 12-agent simulation environment using the
Dominating, Obliging and Compromising behavior styles.

7. Discussion

Using agents to represent decision-makers in group
decision-making processes is a widely used strategy in our
field. The representation of the decision-makers may have
different levels of complexity and should be conceived
according to the context and objectives of the system that
will operate. We must be extremely mindful when designing
the representation of decision-makers in group decision
support systems that will be used by the decision-makers
themselves during the decision process. Let us imagine a
decision-maker, who has certain limitations, so that he/
she is not able to dialogue with the other decision-makers
in a face-to-face meeting. This decision-maker has no per-
suasive skills and the only influence he/she has in the deci-
sion is his/her own vote. If such a decision-maker was
literally represented by an agent, he would generate a
purely reactive agent, not having any influence in the deci-
sion (except for the fact that his/her own preferences would
be taken into account). The question that arises is: would
this decision-maker be interested in using a system that
would represent him/her in this way, mimetizing his
unwanted characteristics? This means that this decision-

maker may have interest in the process and also knowledge
that would add value to the decision-making process, but
still could not show it in face-to-face meetings. Thus, the
decision-making process would only benefit from repre-
senting the decision-maker in a way that he/she is not, or
at least in a way he/she cannot be in face-to-face meetings.
Moreover, as we have previously asserted, it would be
impossible (with the current knowledge) to define a
decision-maker in a way that allows him/her to be used
in all future meetings. Regardless of the decision make’s
personality, due to his/her intentions/goals, the behavior
will invariably shift according to his/her interests and con-
text. Rather than a point in time, the decision-making pro-
cess unfolds over a period of time. It requires several steps
such as the exchange of ideas, reflection on the others’
opinions, the maturing of ideas, etc. Therefore, the dura-
tion of the decision-making process depends on several fac-
tors, but what we would like to point out is that the
important decisions made in large organizations do not
happen over a short period of time. This means that a
GDSS will be used throughout the process and it should
allow the decision-makers to express different intentions
during that same process. All of this led us to focus on
defining behavioral styles rather than defining the
decision-makers’ personality.

The results we obtained with this work were way stron-
ger than we anticipated. However, at this point we consider
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Fig. 15. Satisfaction with Dominating and Obliging in 100 simulations.

Table 13
Mean and standard deviation of satisfaction with 12 agents.

Dominating Integrating Obliging Compromising Avoiding

m 0.15 0.11 �0.03 0.09 �0.05
r 0.47 0.32 0.38 0.36 0.36

Table 14
Number of times each style appears in the several ranks of satisfaction.

Dominating Integrating Obliging Compromising Avoiding

1� 6 4 2 4 4
2� 4 5 3 5 3
3� 2 4 4 6 4
4� 3 4 6 0 7
5� 5 3 5 5 2
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that although we have verified the hypotheses h2 and h3,
the results we achieved still aren’t as beneficial as they
could be in real scenarios. This happens because of the
scarcely human way by which the variables are randomly
generated. For example, in our simulations, agents with
obliging behavior tend to reach/seek the goals of all other
agents, which is a rather unrealistic scenario. In a real sit-
uation, an obliging agent will probably seek to achieve
the goals of a subgroup of decision makers who, in turn,
may even agree with each other. Also, in a real context,
decision-makers are able to reconfigure their preferences
throughout the process. This can happen (for example)
because the decision maker may agree with arguments that
support certain opinions and thereby change their
preferences.

Another key feature in the development of this work
was to verify that no style of behavior is the most or the
least advantageous every single time, (which may occur in
real situations), making it impossible for decision-makers
to think that ‘‘it is worth trying to deceive the system” to
their own benefit. The idea is that, for decision makers, best
results may be achieved by selecting the behavior style that
best represents their intentions. Besides demonstrating the
interest of selecting a behavior that meets the intentions
of decision makers, it helps decision-makers to feel moti-
vated to make a rational choice of the behavioral style.
In turn, GDSS may use this information (of what decision
makers want) to, by means of algorithms or other strate-
gies, promote consensus and the quality of the decision.
In the experiments we ran, we showed that agents config-
ured with the Dominating behavior style tend to reach their
goals more often, while also being the ones who are the
most harmed when they don’t succeed.

8. Conclusions and future work

Ultimately, with the ever-increasing profusion of large
organizations, group decision-making has become the rule
in terms of decision format over the last decades. Organiza-
tional growth has posed new challenges, namely due to the
difficulties experienced by top managers and executives

when they need to meet in a same place at the same time.
To support decision processes, Web-based Group Decision
Support Systems have been widely proposed in literature as
means to allow the decision-makers to participate in the
decision process anytime and anywhere. The fact that they
are web-based makes them multiplatform systems prone to
be rendered accessible through almost any kind of device.
However, several limitations make it hard for them to suc-
ceed, such as: endowing the representation, the interests
and intentions of the decision-makers with accuracy.

In this work, we suggested a set of behavior styles that
can be used to model agents that can represent decision-
makers in the context of group decision-making. Our
option renders the agents much more reality-based
because, besides allowing the typical configurations related
to the problem (alternatives and criteria), it makes them
capable of representing the decision-makers’ intentions.
In this context, we conceive intentions as what the
decision-makers wants to get from the decision-making
process, i.e., not only what they intend to achieve (objec-
tives) but also how they intend to face them. This means
that in our approach, a decision-maker may consider (for
instance) Alternative i: (a) the best solution for a certain
problem and his main intention is to achieve that solution,
(b) the best solution but his main intention may be to
please and meet a subset of decision-makers’ interests, or
(c) in an earlier stage of the decision-making process but,
because he considers his position to be less solid and by
having little knowledge about the problem, he prefers to
remain less interventive until he constructs a more solid
and substantiated opinion.

This approach is intended to be used not only in simu-
lators but also in real systems. This raised concerns that
normally are not considered in the literature in this field,
such as assessing how consensual is the understanding of
the proposed behavioral styles and of how people classify
them. Since we were able to validate our hypotheses, there
are now exact operating values for each behavioral style
that from now on, can be used elsewhere. Also, we devel-
oped a prototype that allowed us to perceive and interpret
the results of using behavioral styles as the basis for mod-
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Fig. 16. Satisfaction with Dominating, Obliging and Compromising in 100 simulations.
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eling agents. We found that using behavioral styles allows
the automatic negotiation mechanisms to enjoy the typical
heterogeneity of real meetings.

In the future, the use of other models either derived
from personality or attachment theory, or possibly both,
may open new avenues for agent modeling, with further
improvements in the quality of their representativeness.
We foresee that these developments may meet the ever-
changing needs of decision-makers, that may often be will-
ing to shift from simulating their own traits to change func-
tioning styles to optimize performance in different
environments depending on the situation, present or absent
he may be. If one can even configure his/her own pattern of
changes, then intelligence systems will really keep pace with
the complexities and subtleties of human behavior either
for purposes of simulation/representation or intended
enhancement. These changes may help a system to support
group decision-making to perceive important information
and to use that same knowledge to support the decision.
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Abstract. The future and success of organizations depend greatly on the
quality of every decision made. It is known that most of the decisions in
organizations are made in group. With the purpose to support the decision-
makers anytime and anywhere, Web-based Group Decision Support Systems
have been studied. The amount of Web-based Group Decision Support Systems
incorporating automatic negotiation mechanisms such as argumentation is
increasing nowadays. Usually, these systems/models are evaluated through
mathematical proofs, number of rounds or seconds to propose (reach) a solution.
However, those techniques do not say much in terms of decision quality. Here,
we propose a model to predict the decision-makers’ satisfaction (perception of
the decision quality), specially designed to deal with multi-criteria problems.
Our model considers aspects such as: alternatives comparison, style of beha-
viour, emotions, mood and expectations. The proposed formulation matches the
assumptions previously defined in the literature.

Keywords: Group Decision Support Systems � Decision satisfaction �
Decision quality � Outcomes � Affective computing

1 Introduction

It is known that many of the decisions in organizations are made in group [1]. Group
Decision Support Systems (GDSS) have been widely studied throughout the last
decades [2, 3] to support this type of decisions. However, in the last ten/twenty years,
we have seen a remarkable change in the context where the decision-making process
happens, especially in large organizations [4]. With the appearance of global markets,
the growth of multinational organizations and a global vision of the planet, we easily
find decision-makers (chief executive officers, managers and other members of global
virtual teams) spread around the world, in countries with different time zones [5].
However, to support the group decision-making process in this context is especially
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complex, due to the decision-makers being geographically dispersed. To provide an
answer and operate correctly in this type of scenarios, the traditional GDSS have
evolved to what we identify today as Web-based GDSS [6, 7]. The idea behind the
Web-based GDSS is to support the decision-making process “anytime” and “any-
where” [4]. The automatic negotiation mechanisms can be used (in Web-based GDSS)
to help overcome the lack of interaction caused in the context described before [8].
Usually, these systems/models are evaluated through mathematical proofs, number of
rounds or seconds to propose (reach) a solution [9]. However, those techniques do not
say much in terms of decision quality.

In fact, the decision quality is impossible to measure in the end of a group
decision-making process. What is possible to measure, or what can be valuable to know
in the end of a group decision-making process is the perception of the decision-quality
of each of the decision-makers (or their satisfaction) [10]. Satisfaction is therefore a
strong indicator, not only of the results, but also of the whole decision process [11].
When someone is questioned about the quality of a decision, the answer does not
reflect only the assessment of outcomes, but also, even unconsciously; it includes the
evaluation process necessary to reach the decision [11]. Satisfaction as a metric has
been applied in the literature to many different issues: life satisfaction [12], job satis-
faction [13], etc. Satisfaction has also been applied in the GDSS topic. However, the
existent proposals are not concerned with the perception of the decision quality but are
concerned with decision-maker’s satisfaction regarding the GDSS performance,
usability, etc. [14–16].

In this work, we study satisfaction as a metric to understand the decision-maker’s
perception of the decision quality. Our proposal is defined based in the assumptions
and premises previously published in [10], which contemplate different approaches
from researchers of a wide range of areas in this thematic (computer sciences, psy-
chology, economy, etc.). It intends to allow automatic assessment of the participants’
satisfaction in a meeting supported by a Web-based GDSS. To evaluate decision-
maker’s satisfaction, we consider the alternatives comparison, style of behaviour,
emotions, mood and expectations.

The rest of the paper is organized as follows: in the next (Sect. 2) section our
satisfaction model is presented and in Sect. 3 some conclusions are taken, along with
the work to be done hereafter.

2 Methods

As we have seen in [10], when a decision-maker is questioned about the quality of a
decision, the answer does not reflect only the assessment of the outcomes, but also,
even unconsciously; it includes the evaluation process necessary to reach the decision.
To understand how suitable a decision is, it is necessary to understand and analyse the
means to reach that decision [17]. Thus, one should give prominence to the process,
when drawing conclusions about the results. Besides, the researchers agree that there is
a great variety of factors responsible for affecting the satisfaction of a decision-making
element with the decision made in a meeting: emotional variables (affective compo-
nents) [18], the process [19], the outcomes [11], the factors that affect the situation [20]
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and expectations [21]. Our proposal (follows the assumptions and premises proposed in
[10]) deals with these factors making use of the typical data configured by the
decision-makers in the Web-GDSS (in disperse meetings [22]).

2.1 Outcomes

The alternative chosen by the group has impact in the decision-maker’s satisfaction.
This is an inescapable fact, since achieving the outcomes is the reason why the
decision-making process happens. The satisfaction or the perception of the decision
quality is related to the outcomes [10]. However, to understand the outcomes impact it is
necessary to see the big picture. Higgins [11] says that “psychologically, then, a decision
is perceived as good when its expected value or utility of outcomes is judged to be more
beneficial than the alternatives”. Thus, whereas the preferred alternative is the best in the
decision-maker’s perspective, the distance between the preferred alternative and the
chosen one means a loss of the decision-maker’s satisfaction. The loss of satisfaction
comprises the difference in the assessment made by the decision-maker for each of the
alternatives, as well as what the participant did not achieve with the final decision. In this
work, we consider the participant’s assessment of each alternative varying in a [0; 1]
range, where 0 means “I do not like at all” and 1 means “I like very much” (see our
proposal of a practical implementation based on this in [23]). To understand the satis-
faction considering alternatives comparison, we suggest the following formulas:

DLost ¼ AltF � AltP ð1Þ

AConversion ¼ 2AltF � 1 ð2Þ

DOutcomes ¼ 1� AConversionj jð Þ � DLost þ AConversion ð3Þ

Where:

• DLost is the loss of decision maker’s satisfaction based in the difference between the
assessments made for the alternative chosen by the group (AltF) and for his pre-
ferred alternative (AltP). The loss is zero when the chosen alternative is the same as
his preferred alternative;

• AltF is the assessment made by the participant for the final alternative, alternative
chosen by the group;

• AltP is the assessment made by the participant for his preferred alternative;
• AConversion is the conversion of the assessment made by the participant into our scale

of dissatisfaction/satisfaction;
• DOutcomes is the participant’s satisfaction concerning the outcomes. Intends to

evaluate the satisfaction based in the assessment made by the participant to the
alternatives, including the loss of satisfaction in the case where his preferred
alternative is not chosen by the group.

We assume the DOutcomes is the purely analytical evaluation of the decision-maker’s
satisfaction. All other points (presented below) have impact in DOutcomes. The other
points will depend on the context.

Evaluating the Perception of the Decision Quality in Web-Based GDSS 3
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2.2 Expectations

Consciously or not, people create expectations on (almost) everything [21]. The rela-
tionship between expectations and the satisfaction is clear. Considering what we have
stated before and our previous work [10], it is easy to understand the following rules:

In this work, we consider the Web-based Group Decision Support System as the
only existent mechanism for the decision-makers communicate. Thus, we consider
relevant to know the decision-makers’ expectations regarding the chances in attaining
their objectives.

• Probability of the participant’s preferred alternative to be chosen: Understanding the
expectations regarding the probability of the participant’s preferred alternative to be
chosen. “How likely you think your preferred alternative will be chosen?”.

In a real scenario, decision-makers are creating expectations all the time: “Is he
going to accept my request?”, “Will he help me supporting my idea?”, etc. However,
when automated negotiation techniques are used, the decision-makers only create
expectations about issues that they can expect something and which they interact. That
is why we only consider the expectations regarding the achievement of results (at this
step). The expectations can influence satisfaction in three different ways:

• Positive impact: When the results exceed the expectations;
• Negative impact: When the expectations are not achieved;
• Without impact: When the expectations are achieved.

The expectation value will be within the range [0; 1]. To evaluate expectation in
this context, approaches as the ones proposed in [23] can be used. The calculus of
satisfaction including expectations is divided in 2 different conditions. Firstly, we
address the situation where expectations are matched. This means, the expectations
have a positive impact in satisfaction.

Positive Impact. This type of impact occurs when the chosen alternative is the one
preferred by the participant. In this case, the impact of the expectation will be positive
or neutral (in case the expectation is 1). The following formula is used to calculate the
positive impact:

PImpact ¼ 1� Eð Þ � AltP ð4Þ

Where:

• E is the participant’s expectation regarding the possibility of his preferred alter-
native being chosen by the group.
For a better understanding of the proposed formula, let us consider the scenarios
where the impact should have the maximum and minimum values (extreme cases):

4 J. Carneiro et al.
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• The positive impact should be 1 (maximum impact) when the participant’s
expectation regarding the preferred alternative being chosen by the group is 0 and
the value of alternative assessment is 1;

• The positive impact should be 0 (no impact) when the participant’s expectation
regarding the preferred alternative being chosen by the group is 1. This means that
the decision-maker is taking it for granted. The maximum expectation on a positive
situation does not bring any increased satisfaction as a form as impact.

We can include now the expectations in the satisfaction calculation. DOutcomes can
be recalculated using the following formula:

DOutcomes ¼ DOutcomes þ 1� DOutcomesj jð Þ � PImpact ð5Þ

The most important point of this formulation is the possibility to recalculate the
DOutcomes satisfaction using the impact in a form of a variable.

In our proposal, we first understand which impact the expectation has (according to
the different situations) and use the correct impact next (calculated according to the
context). The use of 1� Eð Þ in our formula intends to reflect the difference between the
maximum expectation (which would be 1) and the participant’s expectation.

Negative Impact. This type of impact occurs when the chosen alternative is not the
one preferred by the participant. In this case the impact of the expectation will be
negative or neutral (in case the expectation is 0). The following formula is used to
calculate the negative impact:

NImpact ¼ AltP � AltFð Þ � E ð6Þ

In the case of a negative impact, we propose a different formula because in this
situation the impact represents an expectation that has not been met, symbolizing a loss.
Moreover, in this situation, to truly understand the expectation impact, we need to
analyse the relation between this loss and the difference between the assessments of his
preferred alternative and the one chosen by the group. As we have done before, let us
consider the scenarios where the impact should have the maximum and minimum
values (extreme cases):

• The negative impact should be 1 (total impact) when the participant’s expectation
regarding the preferred alternative being chosen by the group is 1, the assessment of
the alternative chosen by the group is 0 and the assessment of his preferred alter-
native is 1;

• The negative impact should be 0 (no impact) when the expectation is 0.

We can include now the expectations in the satisfaction calculation. DOutcomes can
be recalculated using the following formula:

DOutcomes ¼ DOutcomes þ 1� DOutcomesð Þ � �1ð Þð Þ � NImpact ð7Þ

Evaluating the Perception of the Decision Quality in Web-Based GDSS 5
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2.3 Style of Behaviour

The number of works including affective aspects in the field of computer science is
growing exponentially. Previously [24], we proposed a model to define styles of
behaviour in agents to represent the decision-makers’ intentions. We adopted the
conflict styles proposed by Rahim and Magner [25], and redefined them to be more
adequate to our context. We called them styles of behaviour and defined them as
follows:

• Dominating: A dominating individual believes that he owns the key to solve the
problem. He plays a very active role during the decision-making process and tries to
force his opinion on other participants;

• Integrating: An integrating individual favours a collaborative style. He aims to
achieve consensual decisions and greatly values his and others’ opinion. He prefers
to manage assiduously the entire decision-making process;

• Compromising: A compromising individual favours a collaborative style. He aims
to achieve consensual decisions and values his and others’ opinion. He plays a
moderately active role during the decision-making process;

• Obliging: An obliging individual tends to give up on his opinion in favour of the
group interests. He prefers to follow others’ opinions rather than sharing his own;

• Avoiding: An avoiding individual prefers to be freed from responsibility. Funda-
mentally, he prefers to not be involved in the decision-making process and devalues
both the process and the opinion of other participants.

In this proposal, we consider the styles of behaviour described before to formulate
the satisfaction model. However, this proposal can be easily adapted to situations where
aspects such as personality and conflict styles are used. In this satisfaction model, we
aim to assess the decision-maker’s satisfaction, so we use behaviour to understand the
impact of the process in the decision-maker. The process impact will vary according to
the decision-maker’s intentions. For instance, let us consider a situation where the
participant defined his conflict style as “Dominating”. If he notices that the most of
other decision-makers do not like his preferred alternative, we can associate to him
emotions as distress and disappointment. On the other hand, if the participant defined
his conflict style as “Obliging”, he may not feel the same emotions because his main
intention his not to achieve is preferred alternative but to please some other/s
decision-maker/s. This is a simple example to demonstrate that the impact will vary
according to how the decision-maker experiences the process.

We define a set of situations that decision-makers experience using a GDSS and
correlate them with conflict styles, using the OCC model [26]. Ortony et al. [26]
proposed a global structure of emotion types where they defined “valenced reaction to”:
consequences of events, actions of agents and aspects of objects. For our purpose, we
only use the consequences of events. Into the consequences of events they distinguish
between the consequences for other and consequences for self, what means a
remarkable correlation with the classification of conflict styles proposed by Rahim and
Magner [25] where they defined the conflict styles according to the concern for self and
the concern for others (see Table 1).

6 J. Carneiro et al.
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We have considered that the integrating and compromising styles will be affected
emotionally by the “consequences for other” and “consequences for self”, the obliging

style will be affected emotionally by the “consequences for other”, the dominating style
will be affected by “consequences for self” and the avoiding will not be emotionally
affected. The compromising style of behaviour will be affected with a half of the
emotions intensities when compared with the integrating. The set of events that may
occur are expressed in the Table 2. (CO is consequences for other and CS is conse-
quences for self).

We have defined some rules to deal with hope and fear emotions (according to [26]).

Table 1. Styles of behaviour

Style of behaviour Concern for self Concern for others

Dominating High Low
Integrating High High
Compromising Moderate Moderate
Obliging Low High
Avoiding Low Low

Table 2. Considered events and respective definition

Event CO CS Emotions

Participant’s preferred alternative was chosen by the
group

� ✓ Joy and (check rules
below)

Participant’s preferred alternative was not chosen by
the group

� ✓ Distress and (check
rules below)

Participant changed his preference to another
alternative

� ✓ Hope

The majority prefers the participant’s preferred
alternative

� ✓ Joy and hope

A few or none decision-maker prefers the
participant’s preferred alternative

� ✓ Distress and fear

The preferred alternative of the decision-maker/s that
the participant considers credible/important was
chosen by the group

✓ � Happy-for, joy and
(check rules below)

The preferred alternative of the decision-maker/s that
the participant considers credible/important was not
chosen by the group

✓ � Pity, distress and
(check rules below)

The majority prefers the same alternative as some
other decision-maker/s that the participant considers
credible/important

✓ � Happy-for, joy and
hope

The majority do not prefer the same alternative as
some other decision-maker/s that the participant
considers credible/important

✓ � Pity, distress and fear

Evaluating the Perception of the Decision Quality in Web-Based GDSS 7
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2.4 Emotional Changes and Mood Variation

It is clear in the literature how important is to include in the analysis of satisfaction the
affective and emotional components [18, 20, 21].

Due to the brilliant work proposed by Gebhard [27] where he correlates the PAD
[28] and the OCC model, many works appeared using the triggered emotions in order
to update the mood state (including ourselves). For this model, we propose a corre-
lation between the events defined in Subsect. 2.3 with a set of triggered emotions for
each of the situations (Table 2). We used the work proposed in [26] to define a set of
emotions for each of situations and analyse the emotions triggered during the process to
understand the emotional cost.

In Table 2, we presented the set of considered situations and the emotions asso-
ciated to each situation. As we can see, all the situations are in some way related to the
alternatives. These situations describe the scenarios the decision-makers face every
time they interact with the system (GDSS). However, it is also important to define the
impact of each situation. The impact of “Participant’s preferred alternative was not
chosen by the group”, should be different if previously the participant face a situation
of “A few or none decision-maker prefers the participant’s preferred alternative” or a
situation of “The majority prefers the participant’s preferred alternative”. Thus, we
consider the process expectations:

PExpectations ¼ Np=Nt ð8Þ

Where:

• Np is the number of decision-makers supporting the participant’s preferred alter-
native or some other decision-maker/s that the participant considers credible/
important;

• Na is the total number of decision-makers.

The PExpectations calculated in each situation will have impact in the emotions cal-
culated in the next interaction because every time a decision-maker faces a new situ-
ation, he will be affected by the new information plus the expectations that he created
based in previous information. Next, we will describe how to process the emotions
created in each situation:

8 J. Carneiro et al.
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Let EmoS be a set of emotions of one situation:

EmoS ¼ P1;A1;D1ð Þ; . . .; Pn;An;Dnð Þf g ð9Þ

Where:

• n is the number of created emotions;
• Pi;Ai;Di are the values of Pleasure, Arousal and Dominance for emotion i (based in

[27]).

Let EmoT be the sum of emotions in EmoS:

EmoT ¼
Xn

i¼1
Pi;Ai;Dið Þ ð10Þ

Where:

• n is the number of created emotions;
• Pi;Ai;Di 2 EmoS.

Let IntEmoT be the intensity of EmoT :

IntEmoT ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pð Þ2 þ Að Þ2 þ Dð Þ2

q

ffiffiffi
3

p ð11Þ

Let ExpIntEmoT be the IntEmoT considering PExpectations:

ExpIntEmoT ¼ IntEmoT � PExpectations ð12Þ

Let PosEmotions be the sum of intensities of all positive emotions (joy, hope,
happy-for, satisfaction and relief) created in each situation along the process:

PosEmotions ¼
Xn

i¼1
ExpIntEmoTi

� �
;EmoS is a set of positive emotions ð13Þ

Let ConsEmotions be the sum of intensities of all negative emotions (distress, fear,
pity, disappointment and fears-confirmed) created in each situation along the process:

ConsEmotions ¼
Xn

i¼1
ExpIntEmoTi

� �
;EmoS is a set of negative emotions ð14Þ

After calculating PosEmotions and ConsEmotions, we compare the two intensities to
understand the emotional cost. According to that, we propose the following simple rules:

Evaluating the Perception of the Decision Quality in Web-Based GDSS 9
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Now, we normalize the PosEmotions and ConsEmotions, such that PosEmotions þ
ConsEmotions ¼ 1:

NormPosEmotions ¼ PosEmotions=ðPosEmotions þConsEmotionsÞ ð15Þ
NormConsEmotions ¼ ConsEmotions=ðPosEmotions þConsEmotionsÞ ð16Þ

The difference of intensities will then be considered as a gain or a loss (or neutral in
case of no emotional cost). Let us assume this value as DifEmo:

Cost ¼ NormPosEmotions � NormConsEmotions ð17Þ

2.5 Final Satisfaction Calculation

Considering the value of participant’s satisfaction concerning the alternative chosen by
the group and the value of his mood (both contemplating the expectations), now we are
going to join them to do our final calculation of satisfaction:

Satisfaction ¼ DOutcomes þ 1� DOutcomesj jð Þ � Cost ð18Þ

The interval for the result of satisfaction will be [−1; 1]. We propose an adaptation
of a scale based in the work of Babin and Griffin [29] and represented in the Table 3.

3 Conclusions and Future Work

In this article, we proposed a whole new model which allows the automatic assessment
of the participants’ satisfaction in a meeting supported by a Web-based Group Decision
Support System. We believe that the proposed model allows the attainment of a large
amount of useful and valuable information. The satisfaction can be used as a metric to
compare different Web-based GDSS or automatic negotiation mechanisms. In addition,
satisfaction can be used as a utility function to maximize the decision-makers’ satis-
faction or can be used by agents to predict the decision-maker’s satisfaction. To
evaluate satisfaction, we considered the alternatives comparison and evaluation, the

Table 3. Scale of satisfaction

Designation Interval

Extremely satisfied [0,75; 1]
Much satisfaction [0,5; 0,75[
Satisfaction [0,25; 0,5[
Some satisfaction [0; 0,25[
Some dissatisfaction ] −0,25; 0[
Dissatisfied ] −0,5; −0,25]
Very dissatisfied ] −0,75; −0,5]
Extremely dissatisfied [−1; −0,75]

10 J. Carneiro et al.
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expectations, emotions, mood and the process. The values obtained in the calculus of
satisfaction respect the premises that were defined in a previous work.

As future work, we intend to conduct a case study with real people, in partnership
with psychologists. With that work, we also intend to make the model more assertive
by the possible improvements that might result after analysing and studying the col-
lected data.
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1 Introduction

Making decisions is intrinsic to the human being. Each action, more or less significant,
conscious or unconsciously, results in a decision. Therefore, we could say we are all natural
decision-makers (Saaty 2008). The decision-making process can be seen as selecting one or
more alternatives to be the solution for a certain problem/task (Chen 2000).

Nowadays most of the decision-making processes happening in organizations are done in
group (Luthans 2011; Simon 1965). There are many advantages related to group decision-
making: to improve the quality of the decision, to share workloads, to gain support among
stakeholders, to train less experienced groupmembers and due to themajority of organograms
existing nowadays (Dennis 1996; Huber 1984). However, due to market globalization and
the firms’ internationalization it is very hard to match each top managers’ agenda, making it
difficult for them to meet in the same space or time (Carneiro et al. 2015). Therefore, it is no
surprise that more techniques, models, methods and tools that support groups and individuals
in the decision-making process are being developed.

Multiple criteria decision analysis (MCDA)methods are one of the techniques used to sup-
port the decision-making process. MCDA is considered appropriate to deal with conflicting
opinions and also qualitative and quantitative objectives (Ram et al. 2011; Golmohammadi
and Mellat-Parast 2012). MCDA provides a framework which deals with complex decision
problems. In order to reach a consensus, aMCDA framework allows decision-makers to share
information through problem configurations (Dehe and Bamford 2015). Throughout the last
decades, a wide variety of analytical models have been proposed in literature (Tavana et al.
2010). Some of the most acknowledged MCDA methods in literature are: ER, ELECTRE,
PROMETHEE, AHP, ANP, TOPSIS, MACBETH (Figueira et al 2005). Even though there
is a very decent amount of work proposed under the topic of MCDA, the issues associated
to MCDA are easy to identify. Tavana et al. (2010) have identified certain issues such as:
deficiencies when considering objective and subjective criteria, imprecise information due
to the lack of the decision-makers’ expertise, unavailability of data and time constraint, etc.
Besides these issues, we can still include the lack of information about each decision-maker
(Levy 2007), the difficulty or impossibility for each decision-maker to express how he intends
to face the decision-making process (Rahim and Magner 1995) and the difficulty (the cost)
associated to problems configuration (Dehe and Bamford 2015).

The area of decision-making has always been very studied in literature. Since the early
days of psychology and economy there has been a clear interest to study the topic of
decision-making (Edwards 1954; Simon 1959, 1986). If economists have always looked
at decision-making in a completely rational perspective, psychologists look at decision-
making in a perspective which allows them to understand the individual judgement and the
decision-making concerning both irrational and rational aspects of behaviour (Simon 1986).
It is evident that most of the existent MCDA methods have been based in an economic per-
spective which we could call as the rational choice. Simon (1979) pointed the interest of
economists to explore domains that belonged, traditionally, to political sciences, sociology,
and psychology. This interest is very similar to what happens nowadays between computer
science researchers and those same domains (Castelfranchi 1994; Smith and Conrey 2007;
Falcone and Castelfranchi 2001; Bates 1994; Ogiela and Ogiela 2014a, b). It is known that
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cognitive aspects are present and affect the individual during the decision-making process
(Schwarz 2000). Therefore it is assumed to be necessary to consider cognitive aspects in
order to make a correct representation of the interests of decision-makers. With that being
said, it can then claim that including cognitive aspects allow obtaining better decisions which
are fundamentally more adjusted to the real interests of decision-makers.

In this work, we present a new MCDA method named as cognitive analytical process
(CAP). CAP allowed decision-makers to represent their preferences about a problem (criteria
and alternatives) and also represent what we referred as their intentions, being directed
towards supporting group decision-making. Decision-makers could: express their intentions
by selecting a behaviour style that better represents how they intend to face the decision-
making process, select an expertise level about the topic being discussed and select which
decision-makers involved in the same process they consider to be more credible. CAP is an
analytic method that aims to provide a decision based on the values mentioned in the previous
configurations and that maximizes the satisfaction level of the group and of each one of the
decision-makers.

The rest of the paper is organized as follows: in the next section is presented the Sect. 2,
wherewe enumerated the essentialmethods to define our proposal, in the Sect. 3we presented
our approach, where the cognitive analytic process is described and the model is formulated.
In Sect. 4 it is shown the evaluation and results of this work and in Sect. 5 the discussion is
presented. Finally, some conclusions were taken in Sect. 6, along with the work to be done
hereafter.

2 Background

It is easy to find in literature several authors which refer to the importance of psychological
and cognitive aspects in the decision-making context (Schwenk 1988; Frith and Singer 2008;
Schwarz 2000). Moreover, there are authors which defend that the quality of the decision
decreases when theses aspects are not considered (Simon 1987). Some authors consider
that including cognitive and psychological aspects help to achieve decisions with higher
quality (Simon 1987; Fenton-O’Creevy et al. 2011). Having all these evidences into account
it becomes clear how a decisionmade using automatic mechanisms can be affected. There are
many factors and knowledge which may be lost when the human interaction stops existing,
even if there can be other advantages associated (Kiesler et al. 1984). By using a typical
multi-criteria problem configuration, how will the system manager knowledge and expertise
levels of each decision-maker? Will it be fair to weight all configurations as the same? How
to deal with different intentions which the decision-maker may have in each decision-making
scenario? In this work we intend to answer these questions as well as verify if our method
manages to achieve higher results (compared to other methods) by considering some of these
points.

In this section, the models used by CAP are presented and allow us to better understand
how it works. Besides this, it is explained the reasons why behaviour styles, credibility and
expertise are considered by CAP as well as how they relate with the topic of group decision-
making. All these points have been discussed in some of our most recent works (Carneiro
et al. 2015a, b, c;Martinho et al. 2015), and they have been used because according to thework
published in (Carneiro et al. 2015c) they are part of a multi-criteria configuration template
that proved to be very easy and fast to configure. This fact was important due to big concerns
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related to the usability and the resources needed to use CAP. The description next presented
for each point is based in the analysis done previously in (Carneiro et al. 2015c).

2.1 Behaviour style

The behaviour style can be seen as the expected behavior or the desirable behaviour. In
some of our previous works, we studied the difference between using the decision-maker’s
personality or to create the possibility for the decision-maker to select the conflict style or the
behaviour that he intended to use (to read more about this see Martinho et al. 2015). During
our life, we are constantly presented with the need to make decisions. Some decisions are
less relevant, others are not. Fundamentally, when we are taking decisions in group, and
independently of our personality, we express and behave differently according to different
situations such as: the topic of the problem to be solved, to consider the others decision-makers
as more expert than us, to intend to be pleasant and try to pursue other decision-makers’
goals, the level of the interest on the topic, the mood, etc. This means that in a hypothetical
scenario where a decision-maker and his family are deciding from a group of alternatives
to choose a restaurant to celebrate his son’s birthday, maybe his main concern is to satisfy
his son’s preferred alternative. However, he still has his own preferences regardless of the
kind of behaviour he shows during the negotiation process. In Martinho et al. (2015), five
behaviour styles were considered: Dominating, Integrating, Compromising, Obliging and
Avoiding. These styles differentiate from each other by what was thought to be four essential
dimensions for this context:

1. Concern for self—This dimension was related to the individual’s concern for his own
opinion above the others since he was likely to adapt a more one-sided attitude during
the decision-making process by making statements, questions and requests that detailed
that opinion;

2. Concern for others—This dimension was related to the individual’s concern for other
individuals’ opinion. He adapted a more altruist attitude during the decision-making
process, tried to understand other opinions and made an effort to reach a decision that
benefited or pleased most of the participants;

3. Activity—This dimension was related to the effort put into the decision-making process
by the individual, meaning that the more active an individual was, the more questions
and statements and requests he was likely to make;

4. Resistance to change—This dimension was related to how hard or easy it was for an
individual to accept other opinions.

In Table 1, we describe each behaviour style by providing a value for every dimension
(concern for self, concern for others, activity and resistance to change) mentioned before.

Table 1 Behaviour styles and corresponding dimensions, adapted from Martinho et al. (2015)

Behaviour style Concern for self Concern for others Activity Resistance to change

Dominating 3 1 3 3

Integrating 3 3 3 3

Compromising 2 2 2 2

Obliging 1 3 1 1

Avoiding 1 1 1 1
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Table 2 Expertise levels Expertise level Inverse of expertise level Definition

5 1 Expert

4 2 High

3 3 Medium

2 4 Low

1 5 Null

The numeric values (1, 2 or 3 for low, mid and high respectively) given to each dimension
are correlated with the definitions established by Rahim and Magner (1995) (to learn more
about this correlation see Rahim and Magner 1995; Martinho et al. 2015).

2.2 Credibility

There is not a universally accepted definition for credibility. Besides that, the study of cred-
ibility is highly multi-disciplinary and some of the suggested definitions are related to their
area of operation (Flanagin and Metzger 2008). In our work, it was considered the defini-
tion proposed by Flanagin and Metzger (2008) when they said that “the overarching view
is that credibility is the believability of a source or message, which is made up of two
primary dimensions: trustworthiness and expertise”. Trustworthiness was related with sub-
jective components while expertise was related with more objective components. The notion
of credibility was related with many other concepts including trust, reliability, accuracy,
quality, authority, reputation, competence, etc (Flanagin andMetzger 2008). In our work, the
main idea was to let a decision-maker choose which other decision-maker he considered to
be credible towards a certain topic. This credibility evaluation was related with the concepts
mentioned above and would be the reason why a decision-maker might consider another
decision-maker to be credible for a topic and not for a different topic (for example, with the
related expertise level recognized for that decision-maker), and also why a decision-maker
might consider another decision-maker always credible despite of the topic’s difference (for
example, due to reasons such as authority, reputation, etc.).

2.3 Expertise

Expertise is considered as one of the credibility dimensions (affected by objective compo-
nents) (Flanagin andMetzger 2008). In our work, it was intended to allow the decision-maker
to make a self-evaluation about his expertise level for the topic at hand. It was considered
the existence of five different expertise levels: Expert, High, Medium, Low and Null (the
definition of the expertise levels definitions and values can be consulted in Table 2). Why is
this information relevant and how can it be used? This kind of information could have many
applications. One could be to use it to compare the self-evaluation made by the decision-
maker for its expertise level with its credibility which is recognized by other decision-makers,
allowing further conclusions to be made. This information could also be used to compare the
self-evaluation with the chosen conflict style.

3 Cognitive analytic process

In this section, we present all the steps necessary to formalize the Cognitive Analytic Process.
This formalization is based in the general concept of multi-criteria decision-making and was
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Table 3 Notation
correspondence

Terminology Notation

Decision matrix D

Set of criteria C

Set of alternatives A

Criterion Ci

Alternative Ai
Decision-maker Dmi

Weight W

Criterion importance Impci
Set of decision-makers DM

Preferences of a set of decision-makers WDM

Criteria preference matrix CP

Set of sums of the best criteria weighting HSc

first inspired in the works of other authors (Bozóki et al. 2013; Wang 2012; Ahn and Choi
2012; Kou and Wu 2014). For each step, we present definitions related with multi-criteria
decision-making and our model. In Table 3 it is presented all notations necessary to better
understand our formalization.

Step 1 Multi-criteria problem definition

The first step of CAP was to define the multi-criteria problem. Therefore:

Definition 1 Let D be a decision matrix, where D = A × C =

⎡
⎢⎢⎢⎣

c1a1 c2a1 . . . cna1
c1a2 c2a2 . . . cna2
...

... . . .
...

c1am c2am . . . cnam

⎤
⎥⎥⎥⎦ and

consists of:

– a set of criteria C = {c1, c2, . . . , cn}, n > 0;
– a set of alternatives A = {a1, a2, . . . , am},m > 0;

Rule 1 ∀ai ∈ A,∀c j ∈ C, c jai ∈ D
Each alternative a j ∈ A is related with each criteria ci ∈ C . There cannot be an existing
alternative with values for criteria that are not considered in the problem.

Definition 2 A criterion ci = {idci , vci ,mci } consists of:
– ∀ci ∈ C, i ∈ {1, 2, . . . , n};
– idci is the identification of a particular criterion;
– vci is the value of a particular criterion (Numeric, Boolean or Classificatory);
– mci is the greatness associatedwith the criterion (Maximization,Minimization, Positivity,

Negativity and without value).

Example 1 Let us consider criteria Price, Size and Quantity. This criteria can be defined as
follows:
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– c1 = {Price,Numeric,Minimization};
– c2 = {Size,Numeric,Maximization};
– c3 = {Quantity,Numeric,Maximization}.

Definition 3 An alternative ai = {idai , [c1ai , c2ai , . . . , cnai ]} consists of:
– ∀ai ∈ A, i ∈ {1, 2, . . . ,m};
– idai is the identification of a particular alternative;
– [c1ai , c2ai , . . . , cnai ] is the instantiation of each criterion.

Example 2 For the same example, let us consider three alternatives. Each alternative is
defined as follows:

– a1 = {alternative1, [10,000$, 100 cm, 90]};
– a2 = {alternative2, [12,500$, 150 cm, 50]};
– a3 = {alternative3, [15,000$, 170 cm, 70]}.

Step 2 Criteria weighting

The second step of CAP was to define the weights given by each decision-maker towards
each criterion and alternative.

Definition 4 Let wdmic j
be the weight or preference given to the criterion c j by a decision-

maker dmi and cn ∈ C .

Example 3 For the same example a possible weight given to each criterion by a decision-
maker dmi could be Wdm1c1

= 0.4, Wdm1c2
= 0.6, Wdm1c3

= 0.8.

Rule 2 A decision-maker dmi may define a set of Wdmi weights where:

– Wdmi = {wdmic1
, wdmic2

, . . . , wdmicn
}, n > 0,∀ j ∈ {1, 2, . . . , n}, 0 ≤ wdmicn j

≤ 1;

– 〈Wdmi 〉 = 〈C〉.
We defined a function which returned the difference between the maximum and minimum
weights that belonged to a set of Wdmi weights.

FDif : Wdmi

{
max(Wdmi ) − min(Wdmi ), if max(Wdmi ) �= min(Wdmi )

max(Wdmi )

This difference was classified in five different levels in the following order according to
Table 4. The values presented in the table for each level are related with the fact that we are
dealing with five criteria classifications (VIC, IC, MD, NIC and INC). Since each criteria
weighting is done in a scale of [0, 1] the minimum difference between two criteria is less
than 0.2 and the maximum difference is greater than 0.8. Measuring the difference (using
function FDif ) between the criterion with more weight and the criterion with less weight we
can obtain (according to Table 4) the “l” value. This value is then used in the algorithm to
measure the classification done for each criterion (imp).
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Table 4 FDif levels Level (l) FDif

5 ≥0.80

4 ≥0.60

3 ≥0.40

2 ≥0.20

1 <0.20

Table 5 Criterion importance impc jdmi
Definition

VIC Very important criterion

IC Important criterion

MC Medium criterion

NIC Not important criterion

INC Insignificant criterion

Example 4 For the same example we know that Wdm1 = {0.4; 0.6; 0.8}.

We classified the importance impc jdmi
for each criterion c j ∈ C to the decision-maker

dmi by using the following Algorithm 1.

foreach c j ∈ C do

if
(
wdmic j

> max(Wdmi − max(wdmi )−min(wdmi )

l

)
then

impc jdmi
← VIC

else if
(
wdmic j

> max(Wdmi − 2 × max(wdmi )−min(wdmi )

l

)
then

impc jdmi
← IC

else if
(
wdmic j

> max(Wdmi − 3 × max(wdmi )−min(wdmi )

l

)
then

impc jdmi
← MC

else if
(
wdmic j

> max(Wdmi − 4 × max(wdmi )−min(wdmi )

l

)
then

impc jdmi
← NIC

else
impc jdmi

← INC

end
end

Algorithm 1: Importance classification algorithm

The importance given to a criterion depended on l and varied in the following order,
represented in Table 5.

Example 5 For the same example, let us consider the decision-maker dm1, the set of criteria
C = {c1, c2, c3}, and the set of weightsWdm1 = {0.4; 0.6; 0.8}. FDif = 0.80−0.40 = 0.40.
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Looking at Table 5 we now know that l = 3. We can use algorithm 1 to classify each
criterion as:

wdm1c1
> 0.8 − 4 × 0.8 − 0.4

3
≡ 0.4 > 0.266 → impc1dm1

= NIC;

wdm1c2
> 0.8 − 2 × 0.8 − 0.4

3
≡ 0.6 > 0.533 → impc2dm1

= VIC;

wdm1c3
> 0.8 − 0.8 − 0.4

3
≡ 0.8 > 0.666 → impc3dm1

= VIC.

Definition 5 Let WDM be the preferences of a set of decision-makers DM where:

WDM = {Wdm1 ,Wdm2 , . . . ,Wdmz }, z > 0;
Definition 6 Let DM be a set of decision-makers whereDM = {dm1, dm2, . . . , dmk}, k >

0.

Definition 7 Let CP be a criteria preference matrix, where:

CP = C × WDM =

⎡
⎢⎢⎢⎣

w1c1
w2c1

. . . wzc1
w1c2

w2c2
. . . wzc1

...
... . . .

...

w1cm w2cm . . . wzcm

⎤
⎥⎥⎥⎦

Example 6 For the same example let us now consider two more decision-makers dm2 and
dm3, DM = {dm1, dm2, dm3}, two more sets of weights Wdm2 = {0.2; 0.8; 0.45}, Wdm3 =
{0.7; 0.55; 0.6}.

We combined all three sets of weights into WDM = {Wdm1 ,Wdm2 ,Wdm3} and obtained
the following preference matrix:

CPDM = C × WDM =
⎡
⎢⎣
Wdm1c1

Wdm2c1
Wdm3c1

Wdm1c2
Wdm2c2

Wdm3c2

Wdm1c3
Wdm2c3

Wdm3c3

⎤
⎥⎦ =

⎡
⎣
0.40 0.20 0.70
0.60 0.80 0.55
0.80 0.45 0.60

⎤
⎦

We applied Algorithm 1 to measure the importance given to each criterion by each
decision-maker and obtained:

CPDM =
⎡
⎣
0.40 0.20 0.70
0.60 0.80 0.55
0.80 0.45 0.60

⎤
⎦ =

⎡
⎣
MC INC VIC
VIC VIC IC
VIC MC VIC

⎤
⎦

We defined a function which returns 0 or 1 depending if a wzcm was either VIC, IC, or
not.

Fhighimp : Wzcm

{
1, if wzcm = VIC ∨ wzcm = IC

0

Definition 8 Let HSc be a set of sums of the best criteria weighting HSc = {hsc1 , hsc2 ,
hsc3 , . . . , hscm }, where:

∀i ∈ {1, 2, . . . ,m}, hsci =
∑

wzci
∈CP

Fhighimp(wzci
)
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is the sum of all elements in a criteria preference matrix CP which are either VIC or IC for
each criterion cm .

Example 7 For the same example using the criteria preferencematrixCPDM wewould obtain
the following sums:

hsc1 =
∑

wzc1
∈CP

Fhighimp(wzc1
) = 0 + 0 + 1 = 1

hsc2 =
∑

wzc2
∈CP

Fhighimp(wzc2
) = 1 + 1 + 1 = 3

hsc3 =
∑

wzc3
∈CP

Fhighimp(wzc3
) = 1 + 0 + 1 = 2

HSc = {1, 3, 2}
Step 3 Credibility and expertise readjustment

The third and final step of CAP was to measure the added value to criteria preferences
depending on the credibility and expertise of the decision-makers. For this, we used a crite-
ria preference matrix CPDMCredble which contained criteria weights given by each credible
decision-maker. Depending on the conflict style (see Table 1) of the decision-maker dmi the
following formula was used to readjust the preference for criterion c j :

∀dmi ∈ DM,∀c j ∈ C, crwdmic j
=

Fhighimp
(
Wdmic j

)
× CSdmi + ( TP

ND

) × COdmi

CSdmi + COdmi

(1)

where:

– Fhighimp
(
Wdmic j

)
returns 1 or 0 depending on the importance given to criterion c j by

decision-maker dmi ;
– CSdmi is the value of concern for self [1, 2, 3] of the decision-maker dmi ;
– T P is the total sum of the weights given to criterion c j by each credible decision-maker;
– ND is the total number of credible decision-makers;
– COdmi is the value of concern for others [1, 2, 3] of the decision-maker dmi .

Example 8 For the same example let us consider that decision-maker dm1 thinks dm2 and
dm3 are credible, DMCredibledm1 = {dm2, dm3}. Let us also consider that dm1 has the
conflict style ‘Obliging’. CPDMCedibledm1

is:

CPDMCredibledm1
=

⎡
⎣
0.20 0.70
0.80 0.55
0.45 0.60

⎤
⎦ =

⎡
⎣
INC VIC
VIC IC
MC VIC

⎤
⎦

We used formula 1 to readjust the weight given to each criterion by decision-maker dm1

as:

crwdm1c1
= 0 × 1 + ( 0.20+0.70

2

) × 3

1 + 3
= 1.35

4
= 0.3375

crwdm1c2
=

1 × 1 +
(
0.80+0.55

2

)
× 3

1 + 3
= 3.025

4
= 0.75625

crwdm1c3
=

1 × 1 +
(
0.45+0.60

2

)
× 3

1 + 3
= 2.575

4
= 0.64375
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Next, we readjusted the value of crwdmic j
with the level of expertise of the decision-maker

dmi and the inverse of the expertise level (see Table 2) using the following formula:

∀dmi ∈ DM,∀c j ∈ C, newwdmic j
=

crwdmic j
× edmi + ( TP

ND

) × e′
dmi

edmi + e′
dmi

(2)

where:

– crwdmic j
is the readjusted weight given to criterion c j by decision-maker dmi using

formula 1;
– edmi is the expertise level of decision-maker dmi ;
– T P is the total sum of the weights given to criterion cn by each credible decision-maker;
– ND is the total number of credible decision-makers;
– e′

dmi
is the inverse of the expertise level of decision-maker dmi .

Example 9 For the same example, let us consider that decision-maker dm1 has an expertise
level edm1 = 4. Using formula 2 we will obtain:

newwdm1c1
= 0.3375 × 4 + ( 0.20+0.70

2

) × 2

4 + 2
= 2.25

6
= 0.375

newwdm1c2
=

0.75625 × 4 +
(
0.80+0.55

2

)
× 2

4 + 2
= 4.375

6
= 0.7292

newwdm1c3
=

0.64375 × 4 +
(
0.45+0.60

2

)
× 2

4 + 2
= 3.625

6
= 0.6041

We measured the final classification given by a decision-maker dmi with a criteria pref-
erence matrix CPDMCredibledmi

for each criterion c j using the following formula:

∀dmi ∈ DM,∀c j ∈ C, finalwdmic j
=

(
hsc j
ND

)
×

(
TP

ND

)
+

(
1 − hsc j

ND

)
× newwdmic j

(3)

Where:

– newwdmi,c j
is the readjusted weight given to criterion c j by decision-maker dmi using

formula 2;
– hsc j is the sum of all elements the criteria preference matrix CPDMCredibledmi

which are
either VIC or IC for each criterion c j ;

– TP is total sum of the weights given to criterion c j by each credible decision-maker;
– ND is the total number of credible decision-makers.

Example 10 For the same example decision-maker dm1 reclassifies each criterion as:

finalwdm1c1
=

(
1

2

)
×

(
0.20 + 0.70

2

)
+

(
1 − 1

2

)
× 0.375 = 0.90

4
+ 0.375

2
= 0.4125

finalwdm1c2
=

(
2

2

)
×

(
0.80 + 0.55

2

)
+

(
1 − 2

2

)
× 0.7292 = 1.35

2
= 0.675

finalwdm1c3
=

(
1

2

)
×

(
0.45+0.60

2

)
+

(
1 − 1

2

)
×0.6041= 1.05

4
+ 0.6041

2
= 0.56455

Looking only atWdm1 initial setup we haveWdm1 = {0.4; 0.6; 0.8}, and therefore wdm1c3
>

wdm1c2
> wdm1c1

. Using CAP method which takes into account the preferences, the conflict
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Table 6 Multi-criteria problem

Efficacy Safety Convenience Low cost

Antihistamines 0.98 0.26 0.72 0.47

Corticosteroids 0.60 0.85 0.05 0.60

β-adrenoceptor agonists 0.38 0.51 0.64 0.42

Methylxanthines 0.91 0.07 0.15 0.82

Anticholinergic 0.21 0.89 0.76 0.26

style and the expertise level of the decision-maker as well as the credibility of other decision-
makers, the predicted classification will be finalwdm1c2

> finalwdm1c3
> finalwdm1c1

.

4 Experiments

To test theCAP,we developed a prototypewhich could load amulti-criteria problem, and ana-
lyzed and compared each solution found with all chosen and implementedmethods including
the analytic hierarchy process (AHP) (Saaty 1988), TOPSIS (Tzeng and Huang 2011) and a
typical utility function method (UF).

We opted to compare CAP with these three methods since our approach followed a very
different perspective from what is currently observed under the topic of MCDA. Therefore
we thought it was relevant to compare CAP with some of the more recognized methods that
gave origin to many existing proposals we know today. Since our main focus was to support
group decision-making, the developed prototype was also a multi-agent system where each
agent represented a real decision-maker.

The adopted multi-criteria problem was to choose a medication. All considered criteria
and alternatives were selected based on the work of De (1993). Each agent represented one
member of the medical team. All alternatives were classified according to four criteria: effi-
cacy, safety, convenience and low cost. These criteria were numeric and of maximization.
In Table 6, all specifications are presented for each considered alternative (this informa-
tion did not represent real data and was only used as an example for each performed
simulation).

The satisfaction was used as a metric to evaluate the overall performance of the different
methods. The satisfaction metric was used to understand the perception (by the decision-
maker) of the quality of the chosen alternative or the alternative supported by most agents
at a certain time. For that, the notion of satisfaction that was used was the one proposed
in (Carneiro et al. 2015a). It was the only satisfaction metric existing in literature adapted
to this type of context. According to this model, the satisfaction of each decision-maker
corresponded to the perception of the quality of the decision and was created based on
assumptions which reflected what a decision-maker psychologically considered as a good
decision. The satisfaction was measured in two parts (only CAP includes the second part). It
was first measured objectively through the formulas (4), (5) and (6).

DLost = AltF − AltP (4)

AConversion = 2 × AltF − 1 (5)

DSatisfaction = 1 − |AConversion| × DLost + AConversion (6)
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Table 7 Head table with the
results obtained for each method
throughout 10,000 simulations

CAP TOPSIS AHP UF

Average 0.3309 0.3193 0.2966 0.3238

Minimum −0.0858 −0.0886 −0.1776 −0.1410

Maximum 0.8119 0.7838 0.7838 0.7838

Median 0.3285 0.3183 0.2960 0.3203

where:

– DLost is the loss of decisionmaker’s satisfaction in the difference between the assessments
made for the alternative chosen by the group and for his preferred alternative. The loss
is zero when the chosen alternative is the same as his preferred alternative;

– AltF is the assessment made by the participant for the final alternative, alternative chosen
by the group;

– AltP is the assessment made by the participant for his preferred alternative;
– AConversion is the conversion of the assessment made by the participant in the range

[−1, 1].
The second part related the DSatisfaction and the behaviour defined by the decision-maker.

In this second part, the satisfaction was measured according to the values of the agent’s
defined behaviour [agent’s with defined behaviour follow the work proposed in Martinho
et al. (2015)] for concern for self and concern for others dimensions. So, the DSatisfaction was
remeasured using formula 7.

DSatisfaction = DSatisfaction × CS + OAADSatisfaction × CO

CS + CO
(7)

where:

– CS is the value of concern for self [1, 2, 3];
– OAADSatisfaction is the average satisfaction of all remaining agents;
– CO is the value of concern for others [1, 2, 3].
In order to evaluate CAP, we created several simulation environments referring to the

multi-criteria problem presented above. The first simulation environment tested 12 agents.
For this environment 10,000 simulations were run and in each simulation the four methods
(CAP, TOPSIS, AHP and UF) were used to study and compare the results obtained using
the same configuration parameters. Table 7 represents the main data retrieved in all those
simulations. It was easy to observe that the data obtained using eachmethod was very similar.
We verified, however, agents’ satisfaction throughout each simulation was higher when CAP
was used. Besides this, CAP also included best results towards minimum, maximum and
median values.

In order to know if the average satisfaction level obtained in CAP was indeed higher
throughout each simulation, the added satisfaction levels are presented in Fig. 1 (X-axis
represents the simulation number and Y-axis represents the sum of the satisfaction level)
for each method from a sample of 100 simulations. We verified that the values obtained in
Table 7 corresponded to the growth presented by each method. As mentioned before the
general data presented in each method was very similar. However, we intended to study the
results for each method in situations where the chosen alternative or decision was different.
More specific results were then presented which resulted from a direct comparison between
CAP and all other considered methods.
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Fig. 1 Graphic with main comparisons taken with a sample of 100 simulations from 10,000 total simulations

Table 8 Comparison between
CAP and AHP in 10,000
simulations

CAP AHP

Count 6241 3759

Average 0.0830 0.0464

Standard deviation 0.0726 0.0375

Maximum 0.4408 0.2706

Minimum 2.3872 × 10−6 4.5927 × 10−6

Median 0.0614 0.0381

Asmentioned before the general data presented in eachmethodwas very similar. However,
what we intended to study was the results for each method in situations where the chosen
alternative or decision was different. The more specific results were then presented which
resulted from a direct comparison between CAP and all other considered methods.

Table 8 shows the results collected for CAP andAHP. In 10,000 simulations CAP obtained
a higher satisfaction in 6241 occasions. The average, standard deviation,maximum,minimum
andmedian values concern CAPwhen the satisfaction obtained was higher and corresponded
to the difference of satisfaction between CAP and AHP (CAP–AHP). Likewise, when AHP
obtained a higher satisfaction those values corresponded to the difference of satisfaction
between AHP and CAP (AHP–CAP). It was verified that the average obtained in CAP was
almost the double compared to the average obtained by AHP. The standard deviation value
indicated that the average in AHP was less variable. The minimum, maximum and median
values obtained by CAP were all higher compared to the values obtained by AHP.

CAP selected a different alternative from AHP in 3233 occasions. Figure 2a (X-axis
represents the simulation number and Y-axis represents the satisfaction level) shows the
results from a sample of 50 simulations. It was verified that the satisfaction obtained was
almost always higher when CAP was used. The average satisfaction level obtained by agents
in those 3233 simulations was of 0.2944, while AHP was only of 0.1995. Besides this, in
2609 of those 3233 simulations CAP obtained a higher satisfaction.

Figure 2b (X-axis represents the simulation number and Y-axis represents the satisfaction
level) shows the results obtained in a sample of 50 simulations of 6767 where the alternative
selected by CAP was the same as AHP. These results confirmed that the satisfaction obtained
by agents using CAP and AHP was always very similar. Besides this it was verified that the
average satisfaction level obtained by CAP in these 6767 simulations was of 0.3484 and AHP
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Fig. 2 Comparison between CAP and AHP towards the satisfaction obtained in simulations. a Where the
chosen alternative (output) is different, b where the chosen alternative (output) is the same

Table 9 Comparison between
CAP and UF in 10,000
simulations

CAP UF

Count 5448 4552

Average 0.0526 0.0451

Standard deviation 0.0438 0.0358

Maximum 0.3826 0.2656

Minimum 2.3876 × 10−6 4.5927 × 10−6

Median 0.0423 0.0377

was of 0.3429. CAP obtained a higher satisfaction in 3632 simulations while AHP obtained
a higher satisfaction in 3135 simulations.

Table 9 shows the results collected for CAP andUF. In 10,000 simulations CAP obtained a
higher satisfaction in 5448 occasions. The average, standard deviation, maximum, minimum
and median values concerned CAP when the satisfaction obtained was higher and corre-
sponded to the difference of satisfaction between CAP and UF (CAP–UF). Likewise, when
UF obtained a higher satisfaction those values corresponded to the difference of satisfaction
betweenUF andCAP (UF–CAP). It was verified that the average obtained in CAPwas almost
the same as the average obtained by UF. The standard deviation, minimum, maximum and
median values obtained by both methods were also very similar.

CAP selected a different alternative from UF in 1072 occasions. Figure 3a (X-axis rep-
resents the simulation number and Y-axis represents the satisfaction level) shows the results
from a sample of 50 simulations. Identical to CAP/AHP comparison, in this situation CAP
also obtained a higher satisfaction in most of the times compared to UF. The average satis-
faction level obtained by agents in those 1072 simulations was of 0.2840 and UF was only
of 0.2365. It was verified that the average difference was inferior in this situation compared
to CAP/AHP comparison. Besides this, CAP obtained a higher satisfaction in 770 out of the
1072 simulations.

Figure 3b (X-axis represents the simulation number and Y-axis represents the satisfaction
level) shows the results obtained in a sample of 50 simulations of 8928 where the alternative
selected by CAP was the same as UF. These results were identical to the results obtained in
CAP/AHP comparison with the satisfaction obtained by CAP and UF also being very similar.
Besides this it was verified that the average satisfaction level obtained by CAP in these 8928
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Fig. 3 Comparison betweenCAP andUF towards the satisfaction obtained in simulations. aWhere the chosen
alternative (output) is different, b where the chosen alternative (output) is the same

Table 10 Comparison between
CAP and TOPSIS in 10,000
simulations

CAP TOPSIS

Count 5536 4464

Average 0.0580 0.0460

Standard deviation 0.0506 0.0366

Maximum 0.3826 0.2589

Minimum 2.3872 × 10−6 4.5927 × 10−6

Median 0.0423 0.0377

simulations was of 0.3366 and UF was of 0.3332. CAP obtained a higher satisfaction in 4678
simulations while UF obtained a higher satisfaction in 4250 simulations.

Table 10 shows the results collected for CAP and TOPSIS. In 10,000 simulations CAP
obtained a higher satisfaction in 5536 occasions. The average, standard deviation, maximum,
minimum and median values concerned CAP when the satisfaction obtained was higher and
corresponded to the difference of satisfaction between CAP and TOPSIS (CAP–TOPSIS).
Likewise, when TOPSIS obtained a higher satisfaction those values corresponded to the
difference of satisfaction between TOPSIS and CAP (TOPSIS–CAP). It was verified that
the average obtained in CAP was almost the same as the average obtained by TOPSIS. The
standard deviation, minimum, maximum and median values obtained by both methods were
also very similar.

CAP selected a different alternative from TOPSIS in 1506 occasions. Figure 4a (X-axis
represents the simulation number and Y-axis represents the satisfaction level) shows the
results from a sample of 50 simulations. Identical to CAP/AHP and CAP/UF comparisons,
in this situation CAP also obtained a higher satisfaction in most of the times compared to
TOPSIS. The average satisfaction level obtained by agents in those 1506 simulations was
of 0.2681 and TOPSIS was only of 0.21. It was verified that the average difference was
inferior in this situation compared to CAP/AHP comparison and was very similar to the
CAP/UF comparison. Besides this, CAP obtained a higher satisfaction in 1063 out of the
1506 simulations.

Figure 4b (X-axis represents the simulation number and Y-axis represents the satisfaction
level) shows the results obtained in a sample of 50 simulations of 8494 where the alterna-
tive selected by CAP was the same as TOPSIS. These results were identical to the results
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Fig. 4 Comparison between CAP and TOPSIS towards the satisfaction obtained in simulations. a Where the
chosen alternative (output) is different, b where the chosen alternative (output) is the same

Table 11 Satisfaction
comparison between all methods

AHP CAP UF TOPSIS

Best 191 5195 308 48

Best or equal 3516 5195 4317 4272

obtained in CAP/UF comparison with the satisfaction obtained by CAP and TOPSIS also
being very similar. Besides this it was verified that the average satisfaction level obtained by
CAP in these 8494 simulations was of 0.3421 and TOPSIS was of 0.3380. CAP obtained a
higher satisfaction in 4473 simulations while TOPSIS obtained a higher satisfaction in 4021
simulations.

To close the study on this simulation environment (10,000 simulations) we compared the
number of times when each method obtained the best satisfaction compared with the other
methods. Table 11 shows the data collected. It was verified that the satisfaction level obtained
was higher by CAP in 5195 simulations, by AHP in 191 simulations, UF in 308 simulations
and TOPSIS in only 48 simulations. In situations when more than one method obtained the
same highest satisfaction level it was possible to observe that CAP obtained the same result
and the remaining methods increased significantly. It was possible to conclude that in 4258
simulations more than one method achieved the same highest satisfaction level. Because of
that it was important to figure if CAP obtained much worse results. Average satisfaction
values obtained in the 4805 simulations when CAP did not achieve the best results were of
0.2975, 0.2833, 0.3238 and 0.3204 for AHP, CAP UF and TOPSIS respectively.

Another point that was studied was related with the differences between criteria weighting
and rankings comparison done by eachmethod. In Table 12, it is presented the values obtained
by each method for criteria weighting and rankings comparison in four simulations. In each
simulation a random agent was selected and used as reference. For this problem (not too
complex, with just four criteria) it was verified that AHP and TOPSIS obtained the same
criteria ranking (in all simulations) even with different criteria weighting. In case of CAP, the
criteria ranking was similar to AHP and TOPSIS but with some differences. For example,
in the second simulation, CAP classified “Safety” and “Convenience”? as VIC while AHP
and TOPSIS classified those same criteria differently even though their weighting was very
similar. Another interesting fact that was verified was related with how AHP and TOPSIS
criteria ranking was always done based on the weighting value which resulted in a sequential
order (1, 2, 3, . . . , n). In case ofCAPcriteria ranking this orderwas not necessarily sequential
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Table 12 Example of criteria ranking according to each method

Simulations Criteria CAP AHP TOPSIS

Weight (%) Rank Weight (%) Rank Weight (%) Rank

1 Efficacy – MC 14.35 3 23.15 3

Safety – VIC 58.49 1 45.37 1

Convenience – INC 4.55 4 1.85 4

Low cost – IC 22.61 2 29.63 2

2 Efficacy – INC 5.10 3 0.50 3

Safety – VIC 45.86 1 49.74 1

Convenience – VIC 43.93 2 49.24 2

Low cost – INC 5.10 3 0.50 3

3 Efficacy – VIC 44.49 1 43.47 1

Safety – INC 5.16 4 3.86 4

Convenience – NIC 7.76 3 9.66 3

Low cost – VIC 42.56 2 42.99 2

4 Efficacy – MC 16.38 3 25.47 3

Safety – VIC 55.66 1 43.39 1

Convenience – INC 4.58 4 0.94 4

Low cost – IC 23.36 2 30.18 2

and there were situations where two or more criteria were given the same rank. For example
in the second simulation, CAP ranking classified two criteria as VIC and two criteria as INC
in a scale with the following decreasing order: VIC, IC, MC, NIC and INC.

For the last study, a simulation environment was created to understand how the results
obtained by each method varied depending on the number of agents (decision-makers)
involved in the decision-making process. 1000 simulations were run for each group of
decision-makers (2, 4, 8, 10, 20, 30, 40, 50, 100, 200, 300, 400 and 500 agents) totaling
13,000 simulations. Similarly to previous procedure, CAP was compared directly with each
other method. The main goals were to measure the variation of the average satisfaction level
obtained by each method with the variation of the number of decision-makers involved in
the process and also measure how that variation brought each method closer according to the
number of equivalent decisions.

Figure 5a (X-axis represents the number of agents and Y-axis represents the satisfaction
level) shows the average satisfaction level obtained by CAP and AHP (when the achieved
decisions were different) for each set of 1000 simulations done with each group of decision-
makers (2, 4, 8, 10, …, 500). It was verified that the satisfaction obtained by AHP was
relatively the same throughout each scenario. In case of CAP the average satisfaction level
obtained was higher when there were a small number of decision-makers involved in the pro-
cess and decreased and stayed relatively constant as the number of decision-makers involved
in the process increased. However, the average satisfaction level obtained by CAPwas always
higher compared to AHP in all scenarios, more particularly when the number of decision-
makers was less than 20.

Figure 5b (X-axis represents the number of agents and Y-axis represents the number of
simulations) shows the number of times in each scenario when CAP and AHP reached same
or different decisions. It was possible to notice that there were more different decisions when
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Fig. 5 Comparison between CAP and AHP. a Satisfaction obtained, b average number of different and same
decision

Fig. 6 Comparison between CAP and UF. a Satisfaction obtained, b average number of different and same
decisions

the number of decision-makers involved in the process ranged from 30 to 100. Decisions
were least different when 500 decision-makers participated in the process (83.3%).

Figure 6a (X-axis represents the number of agents and Y-axis represents the satisfaction
level) shows the average satisfaction level obtained by CAP and UF (when the achieved
decisions were different) for each set of 1000 simulations done with each group of decision-
makers (2, 4, 8, 10, …, 500). It was verified that the average satisfaction level obtained in
both methods was very similar. However, CAP still obtained better results compared with UF
in each scenario. In scenarios where more than 100 decision-makers were considered (200,
300, 400 and 500) there was no average satisfaction level obtained as both methods always
reached the same decision.

As can be seen in Fig. 6b (X-axis represents the number of agents and Y-axis represents
the number of simulations) when the number of decision-makers involved in the process is
higher than 100 both methods always reached the same decision. It was also verified that the
most significant difference in the decisions reached by both methods occurred between 2 and
20 participant agents.

Figure 7a (X-axis represents the number of agents and Y-axis represents the satisfaction
level) shows the average satisfaction level obtained by CAP and UF (when the achieved
decisions were different) for each set of 1000 simulations done with each group of decision-
makers (2, 4, 8, 10, …, 500). Unlike previous methods comparisons, in this situation CAP
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Fig. 7 Comparison between CAP and TOPSIS. a Satisfaction obtained, b average number of different and
same decisions

obtained a lower average satisfaction level than TOPSIS in two scenarios (100 and 200
decision-makers), but still not too relevant. When we considered between 2 and 10 decision-
makers participating in the process, CAP obtained an average satisfaction level considerably
higher than TOPSIS.When the number of decision-makers was greater than 10, bothmethods
obtained very similar satisfaction levels. In this comparison it was also verified that when
there were more than 200 decision-makers participating in the process, both methods reached
the same decision.

As can be seen in Fig. 7b (X-axis represents the number of agents and Y-axis represents
the number of simulations) when the number of decision-makers participating in the process
is greater than 200, both methods always reached the same decision. In the scenario with
200 decision-makers both methods achieved different decisions in just two simulations (out
of 1000). It was also verified that the most significant difference in the decisions reached by
both methods occurred between 2 and 10 participant agents.

5 Discussion

Including cognitive aspects in MCDA methods is something still inexistent in literature (to
the best of our knowledge). Some “not rational”? questions are known to affect the decision-
making process (Simon 1987). The reason why MCDA methods do not consider cognitive
aspects might be related to something more important than just not agreeing or accepting
their advantage.Which cognitive aspects should be considered? How should they be included
in the decision-making process? etc.

Let us imagine a simple scenario where a family is trying to decide a restaurant to celebrate
the anniversary of one of its family members. In this scenario, it is easy to understand the
advantage of configuring/modelling not only the preferences towards criteria and alternatives
but also the intentions of each family member. It is very likely that the main goal (or main
intention) of each member is to please the one whose birthday is being celebrated. Therefore,
if the decision reached was choosing a restaurant which is the favourite of some of the family
members but on the other hand makes the person whose birthday is being celebrated very
unsatisfied, that dissatisfaction will affect all family members and make them think it was
a bad decision. Any existing MCDA method is yet not capable to deal with this kind of
problem, unlike CAP which is proposed for the first time in this work.
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It was verified that CAP, on average, managed to be almost always superior to any other
tested method. CAP had an even more considerable advantage compared with other methods
when the decision reached was different from the others presented by those methods. It is
important (and somehow interesting) to refer that in situations where the decision reached by
all methods was the same, even if CAP considered cognitive aspects, the average satisfaction
values obtained were be very similar.

Including the “irrational”? component to the typical MCDA rationality provided better
results in almost all scenarios that were considered. It was verified that CAP lost many
of its benefits when considering a group with more than 20/30 decision-makers. In those
situations CAP revealed a very similar performance compared to TOPSIS method or an UF.
However, this situation was a good example to consider cognitive aspects in CAP correctly.
The intentions of each decision-maker in a very large groupwould be diluted. It is unthinkable
to consider using cognitive aspects, for example, for each voter in presidential elections of a
country. CAP was advantageous especially when the group decision-makers varied between
2 and 20 elements. This allowed us to conclude that including cognitive aspects could be
very irrelevant if we were dealing with very large groups of decision-makers.

It must also not be forgotten that CAP was very easy to configure and did not require
more data than what was presented in (Carneiro et al. 2015c). On the other hand, using AHP
which is considered to have a very high configuration cost (Dehe and Bamford 2015) might
result in decision-makers refusing or rejecting to use software with such kind of approach.

With this work a new hypothesis of research is raised: The advantages identified in this
work by using CAPmethodwill be evenmore evident in real scenarios. This happens because
it is mathematically impossible to define agents that can create and imagine typical intentions
of a human being in very specific real contexts.

6 Conclusion and future work

Nowadays the decisions made by managers and executives are mostly performed in groups.
Thereby, group decision-making is a process in which a group of people, called participants,
act collectively analyzing a set of variables, considering and evaluating the available alter-
natives in order to select one or more solutions. The number of participants involved in the
process is variable and all of them may be at the same space/place at the same time or either
geographically dispersed at different times.

Usually, MCDA methods are techniques used to support the decision-making process.
MCDAmethods allowdecision-makers tomake a certainmulti-criteria problemconfiguration
and based on that configuration a solution will be suggested (supposedly the best). MCDA
methods, however, have certain problems (according to literature) due to the completely
analytical and rational way in which the multi-criteria problems are considered.

In this work, we presented CAP which is MCDA method that included cognitive aspects
in its analysis and that let decision-makers configure not only their preferences (criteria and
alternatives) but also their intentions. CAP allowed decision-makers to configure a multi-
criteria problem (criteria and alternatives) as well as their behaviour style (which could be
seen as their position before the problem and the decision-making group), their expertise
level and select which other decision-maker was credible or not. It also had the advantage of
only requiring information that allowed fast configurations (resulting in a very high level of
usability) with the particularity that CAPworked even if the decision-maker did not configure
any of the points mentioned before. This way, CAP could process all the information and
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suggested a solution combining the rational component with the irrational dimension (which
is sometimes difficult to explain by decision-makers themselves).

The results achieved in this work confirmed the advantage of what was being expressed
in literature for many decades. Considering cognitive aspects brought advantages to the
group decision-making process and allowed reaching higher quality decisions and with more
satisfaction. Moreover, we made this idea computationally feasible. CAP demonstrated that
it could almost always be superior than some of the most acknowledged MCDA methods
existing in literature. Besides this, CAP demonstrated that it was especially useful in process
that included a maximum number of 20 decision-makers.

As future work, there are still some points to be studied. In first place, we intend to
compare CAP with most recent MCDAmethods. After that, we intend to compare CAP with
those methods in a case of study with real decision-makers, since we believe that in a real
environment CAP is capable to be even better than other MCDA methods. Finally, we want
to learn with all these processes and work in shaping CAP to make it an even stronger and
more complete MCDA method.
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Abstract Supporting and representing the group decision-making process is a complex task
that requires very specific aspects. The current existing argumentation models cannot make
good use of all the advantages inherent to group decision-making. There is no monitoring of
the process or the possibility to provide dynamism to it. These issues can compromise the
success of group decision support systems if those systems are not able to provide freedomand
all necessary mechanisms to the decision-maker. We investigate the use of argumentation in
a completely new perspective that will allow for a mutual understanding between agents and
decision-makers. Besides this, our proposal allows to define an agent not only according to
the preferences of the decision-maker but also according to his interests towards the decision-
making process. We show that our definition respects the requirements that are essential for
groups to interact without limitations and that can take advantage of those interactions to
create valuable knowledge to support more and better.

Keywords Argumentation · Automatic negotiation · Multi-agent systems · Group decision
support systems · Ubiquitous computing

1 Introduction

There are several reasons which lead decisions to be made in group: to improve the quality of
the decision, to shareworkloads, to gain support among stakeholders, to train less experienced
group members, and due to the majority of organograms existing nowadays [1,25]. It has
been proven that groups obtain performances that are qualitatively and quantitatively superior
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to the individual performance [24,43]. However, in order to take advantage of the benefits
behind group decision-making, it is necessary to create conditions in which groups can
perform certain tasks, such as generating ideas and solutions through group interaction [21,
47]. It is considered that with the group decision-making process, members will enhance the
ability to learn and stimulate the cognition level [31,38]. Moreover, studies [24] show that
cognitive stimulation helps people to think of new ideas, “unique combination or sub-ideas,
or a complex solution whose total value is greater than the sum of its parts”.

Group decision support systems (GDSS) appeared with the goal to support groups in the
decision-making process [13]. They have been studied over the past 30 years and have become
one of the most important investigation topics in the area of artificial intelligence [12,13,25,
35].With the appearance of globalmarkets, the growth ofmultinational enterprises and amore
global vision of the planet, we easily find chief executive officers and topmanagers (decision-
makers) spread around the world, in countries with different time zones [20]. Nowadays, the
study of GDSS has been oriented to support groups with members that cannot gather at the
sameplace and at the same time [30]. In order to provide an answer andoperate correctly in this
type of scenarios the traditional GDSS have evolved to what we identify today as Ubiquitous
group decision support systems (UbiGDSS). The UbiGDSS support the decision-making
process by using the main characteristics of ubiquity (“anytime and “anywhere”) [11,30].
For UbiGDSS to be advantageous, they must share a number of features that put them above
all the traditional GDSS. In order to support the decision-making process in an ubiquitous
context, itmakes sense thatUbiGDSS should: allow automatic negotiation, represent interests
of decision-makers, allow the existence of a process, generate ideas, discuss points of view,
etc [5,8]. However, something is wrong with GDSS that we know today. Everyone has
acknowledged the benefits of this type of systems; however, we do not actually see these
systems being used in reality, and it is not because the concept is still fresh. In fact, it is
impossible to identify the reasons that lead to their absence and why they are not accepted
in the industry sector nowadays. On the other hand, what we know is that most of artificial
intelligence techniques proposed in the literature that could be used in UbiGDSS go against
what are considered to be the benefits of group decision-making.

In this work, we propose a refreshing look into the concept of what and how should be
the artificial intelligence mechanisms that compose an UbiGDSS. For that, we introduce a
dynamic argumentation framework, which provides the system with the features that are
necessary for decision-makers to take advantage of the benefits of group decision-making.
Our proposal intends to follow decision-makers throughout the entire process. Our approach
allows a group of decision-makers, where each agent represents a decision-maker, to seek
a possible solution to a problem (choosing between several alternatives) while taking into
account all the preferences of the decision-makers. Besides this, and considering that the
decision-makers can understand the conversation performed between agents, those agents
will also be able understand the new arguments created and exchanged between decision-
makers. These new arguments can be processed and used by agents not only to advice
decision-makers, but also to find solutions throughout the decision-making process.

With this work, we intend to change the current perspective on UbiGDSS. The idea is
that decision-makers see the system as something that is easy to use and that guides them
throughout the decision-making process, helps them to achieve better decisions, is clear, does
not inhibit the generation of new ideas, allows decision-makers to create new arguments, etc.
Our approach intends, above everything else, to promote group interaction and help achieving
the typical high-quality decisions that are common in face-to-face meetings. We believe that
our proposal will allow to overcomemany issueswhile supporting ubiquitous group decision-
making, but mainly (1) make it possible for both agents and decision-makers to use a dialogue
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which is clear to everyone involved in the decision-making process (2) let both agents and
decision-makers to take advantage of the knowledge which is generated and (3) not force
decision-makers with information formulation patterns which may compromise the usability
of the entire system as well as the process.

The rest of the paper is organized in the following order: Sect. 2 exposes the literature
review of most recent works related to argumentation-based negotiation. In Sect. 3, our
approach is presented and the definition of the argumentation model is described. In Sect. 4,
we can find the evaluation and results of this work, and in Sect. 5 the discussion is presented.
Finally, some conclusions are taken in Sect. 6, along with the work to be done hereafter.

2 Related work

In the literature, there are various negotiation models adapted to decision-making [19,26,
27,29,35]. To study argumentation (in the perspective of automated negotiation), it is cru-
cial to read Dung [14] “On the acceptability of arguments and its fundamental role in non
monotonic reasoning, logic programming and n-person games,” Kraus et al. [28] “Reaching
agreements through argumentation: a logical model and implementation,” Sierra et al. [44]
“A framework for argumentation-based negotiation,” and other works in this area. However,
in this document, only the most recent literature will be reviewed.

Heras et al. [22] analysed how argumentation schemes theory can be used to formalize
and structure online discussions and user opinions. They considered a social network to be an
abstraction of social structures that connect individuals or organizations. They distinguished
implicit and explicit social networks and presented several features that could be used to
define those networks (purpose, nodes, roles, etc.). They also identified three main advan-
tages of applying argumentation schemes to social network business (to provide a formal
structure to opinions and recommendations, to provide a way of evaluating user opinions and
recommendations, and to provide a formal structure to the dialogue). As a final remark, they
believe that argumentation can enhance business driven social networking.

Sánchez-Anguix et al. [42] proposed and studied the performance of several intra-team
strategies that could be used by negotiation teams. These strategies define how the communi-
cation is carried out between team members and how decisions can be made (which requests
are sent to the opponent and what mechanisms are used for the opponent to accept or refuse
the request). They concluded that the negotiation environment (diversity, negotiation on time,
concession strategy) affects greatly the performance of the intra-strategy that is chosen. They
also referred to the fact of their approach being new in the literature and that they could
further improve its performance by considering more environmental conditions (opponent
strategies, non-static team memberships, etc.)

Van der Weide et al. [46] published a scientific work where they proposed a formalism
to argue on a meta-level about which argument an agent should select in a given persuasion
dialogue. They claimed their approach is easier to design compared to a purely quantitative
approach, it allows the use of criteria that are partial and/or incommensurable, and it is
possible for the agent to explain why a certain argument is selected.

El-Sisi and Mousa [15] presented a paper where they analysed the benefits of
argumentation-based negotiation (ABN) against proposal-based approaches (PBA). They
considered the possibility to exchange additional information as the biggest advantage of
ABN. They concluded that the argumentation increased the quality of the agreements.
Another very important fact was that all the failed examples in PBA become accepted in
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ABN. They stated the ABN is much better than PBA in terms of the quality of the agree-
ments and the quantity of unsuccessful negotiations.

Booth et al. [4] addressed a work where they proposed a way to measure and quantify
the disagreement in argument-based reasoning. They highlighted the need for an approach to
measure the distance between different positions. To achieve this objective, they presented
several different distance functions. As future work, they pretend to continue studying this
issue and apply it to the problems of revision and judgement aggregation in argumentation.

Müller and Hunter [37] published a work proposing the use of argumentation to satisfy
the needs to support the decision-maker and to document the reasons behind decisions. Their
framework consists in two different steps: the first step is related to the creation of arguments,
and the second step is to consider arguments created and choose the best alternative. Although
their work has a strong relation with industry, they did not present any validation.

Bonzon et al. [3] presented an extended abstract where they proposed a reasoning
mechanism “that allows negotiating agents to take into account information about their
counterparts”. To validate their approach, they ran a wide set of experiments, where they
compared the negotiation strategy with and without their approach. They concluded that the
new approach improves the performance of the system (namely the length of the negotiation
and the quality of the agreement).

Wyner et al. [48] presented a notablework about abstract argumentation and argumentation
schemes. Their idea was to integrate the argumentation schemes with abstract argumentation
through a functional language. They did not run any tests until then; however, they intend
to “implement argumentation schemes in a database for Web-based applications and func-
tional or logic programs that instantiate the argumentation schemes, as well as to generate
arguments, calculate attacks and determine extensions”.

Heras et al. [23] proposed an argumentation framework formulti-agent systemsusing case-
based reasoning. In their framework, the agents use arguments to reach an agreement. During
the dialogue, the arguments can be classified as acceptable, unacceptable, or undecided. They
evaluated their system in terms of knowledge which agents have about the social context
of their partners, performance, percentage of agreement and influence on the amount of
argumentation knowledge of each agent. They concluded that arguments used by experts are
usually preferred; agents using their argumentation framework usually providemore accurate
solutions and achieve higher percentages of agreement compared to agents who do not use
it; the more knowledge an agent possess about the context of the argumentation process, the
number of agreements as well as the number of agreeing agents will also increase. However,
they also pointed to the fact that achieving a consensus could be difficult in case all agents
had the same amount of knowledge and, therefore, had the same persuasive power.

Fan et al. [16] published a scientific work about assumption-based argumentation for
decision-making including preferences over goals. One of the most interesting points of this
work is the possibility to define preferences over combined goals. They applied their approach
to a case study in medical research area, and they obtained satisfactory results. They claimed
that their approach is easy to apply to other domains.

Parsons et al. [39] produced a research where they included the concept of trust in their
argumentation-based approach. The focus of their work is to support the decision-making in
scenarios where trust is variable. In their work, they used an example of military decision-
making where they applied their argumentation-based approach. However, no results were
presented, nor any kind of evaluation.

Fan and Toni [17] presented a relevant work about assumption-based argumentation.
In this work, they presented two different frameworks to represent decision-making. They
introduced very interesting notions of dominant decisions: strongly dominant, dominant and
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weakly dominant. In one of their frameworks, they included the possibility to define prefer-
ences over goals. The main advantage of their work is the possibility to explain the selected
decisions through argumentation-based justification. However, they considered important to
continue the studies for decision-making with preference.

Fan et al. [18] addressed a work about assumption-based argumentation. They consid-
ered that most works found in the literature related to argumentation-based decision-making
did not pay attention to decision-making among multiple agents. The main contribute
of this paper is how it covers the entire decision-making process: decision frameworks,
argumentation-based computation, dialogues and a real-world application with implementa-
tion. They concluded that successful dialogues generate good decisions.

Marey et al. [32] published a paper where they included uncertainty in argumentation-
based negotiation. This work came in the sequence of the one presented in Marey et al.
[33]. They conducted a case study (buyer/seller scenario) based on their proposed approach
and concluded that with their techniques negotiating agents achieve better results than non-
negotiating agents.

Marey et al. [34] addressed the problematic of negotiation in ambiguous conditions. They
proposed a framework capable of tackling the agents’ uncertainty. Their framework allows
to measure agents’ uncertainty and helps them to select better choices among the available
possibilities. They ran a case study (Buyer/Seller), and they considered their results were
better than others that use pure argumentation without considering uncertainty.

Sklar et al. [45] conducted a study in order to evaluate the effectiveness of “ArgTrust”. The
“ArgTrust” is an interactive application developed to help human users in the decision-making
process [39]. In this work, they tested the “ArgTrust” in an ambiguous and complex scenario,
where participants completed pre-, mid- and post-surveys based in their understanding about
a certain scenario, before and after use “ArgTrust”. The major conclusion is that “ArgTrust”
has contributed to help users “consider their decisions more carefully”.

3 The argumentation model

In this paper, we consider the following structure of a decision problem: there are a set of
possible alternatives A, a set of criteriaC and a set of agents Ag, such that an alternative a ∈ A
has a value for all the defined criteria C . The decision problem has a defined communication
languageLc which allows agents Ag to communicate. In order to operate with the definedLc,
there is a set of algorithmsLa , which specify for each locution ϕ ∈ Lc its effect. The relations
between alternatives, criteria, agents, communication language and algorithms jointly form
a decision system, represented as follows:

Definition 1 A decision system (C, A, Ag, Lc, La) consists of:

– a set of criteria C = {c1, c2, ..., cn}, n > 0;
– a set of alternatives A = {a1, a2, ..., am},m > 0;
– a set of agents Ag = {ag1, ag2, ..., agk}, k > 0;
– a communication language Lc, consisting of a set of all locutions;
– a set of algorithms working as regulation La for Lc, specifying for each locution ϕ ∈ Lc

its effect.

Rule 1 Each alternative is related with each criterion. There cannot be an existing alternative
with values for criteria that are not considered in the problem.

Definition 2 A criterion ci = {idci , vci ,mci } consists of:
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– ∀ci ∈ C, i ∈ {1, 2, ..., n};
– idci is the identification of a particular criterion;
– vci is the value of a particular criterion (Numeric, Boolean or Classificatory);
– mci is the greatness associatedwith the criterion (Maximization,Minimization, Positivity,

Negativity and Without Value).

Example 1 For the previous example, let us consider three criteria: Price, Transmission, Air
Conditioning. Each criterion is defined as follows:

– c1 = {Price, Numeric, Minimization};
– c2 = {Transmission,Classi f icatory,WithoutValue};
– c3 = {AirConditioning, Boolean, Positivi t y}.

Definition 3 An alternative ai = {idai ,
[
c1ai , c2ai , cnai

]} consists of:
– ∀ai ∈ A, i ∈ {1, 2, ..., n};
– idai is the identification of a particular alternative;
–

[
c1ai , c2ai , ..., cnai

]
is the instantiation of each criterion.

Example 2 For the previous example, let us consider three alternatives. Each alternative is
defined as follows:

– a1 = {car1, [10000, automatic, no
]};

– a2 = {car2, [15000,manual, yes
]};

– a3 = {car3, [12500,manual, no
]}.

The way each criterion is defined allows an agent to know (in the previous example) that
c1a1 > c1a2 ∧ c1a1 > c1a3 ∧ c1a2 > c1a3 , and c2a1 �= c2a2 ∧ c2a1 �= c2a3 ∧ c2a2 = c1a3 and
c3a2 > c3a1 ∧ c3a2 > c3a3 ∧ c3a1 = c3a3 .

An agent has a special structure that allows him to act according to the interests of the
decision-maker he represents. Besides the agent’s identification code, the decision-maker can
also define the agent’s style of behaviour for a certain time interval. The decision-maker may
change that style of behaviour whenever he thinks to be appropriate. The proposed styles of
behaviour (previously defined in [6,36]) allow the agent to act according to four dimensions:
activity, resistance to change, concern for other and concern for self. Agents also include a
protocol where it is defined a set of available locutions available to agi in a time instant of t .
An agent also holds the information about the evaluation done by the decision-maker about
the preference of each alternative and the importance given to each considered criterion.
In order to perform these configurations, the decision-maker can use a template that was
proposed in [7,9]. This template is very easy and fast to configure and can be used to obtain
all this information with mechanisms that make it easier for the decision-maker to express his
opinion and evaluations. The agent also includes a list of objectives to pursue after. This list is
ordered (pre f erence relation ≥ on the set Oagi ) and may contain alternatives and criteria.
An agent can have as the main objective to achieve alternative a1 as the final decision or to
achieve an alternative with the best c1 as possible, which in our example would correspond to
the “the less expensive car”. Agents may keep adding new objectives to their list of objectives
throughout the process as well as reordering existing ones.

Example 3 An agent agi with the defined behaviour ‘Obliging’ can start a discussion with
the main objective to achieve the alternative, which the decision-maker (that he represents)
chose as themost preferred (in the problem configuration). However, if more andmore agents
support another alternative, and since that agent has a high level of “concern for others”, he
may reorder his objectives and choose other alternatives as his main objective.
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Definition 4 An agent agi = {idagi , uidagi , βagi , Pragi ,Cagi , Aagi , Oagi , Kagi } consists
of:

– ∀agi ∈ Ag, i ∈ {1, 2..., n};
– idagi is the identification of a particular agent;
– uidagi is the identification of the decision-maker represented by the agent agi ;
– βagi is the agent’s behaviour (Dominating, Compromising, Obliging, Integrating, Avoid-

ing and No Style);
– Pragi is the agent’s protocol for Lc, specifying the ‘legal’ moves at each instant. A

protocol on Lc is a set of locution available to agi , where Pragi ⊆ Lc;
– Cagi is the agent’s evaluation of each criterion, Cagi = {Ec1 , Ec2 , . . . , Ecn }, Evci ∈

{[0, 1],⊥};
– Aagi is the agent’s evaluation of each alternative, Aagi = {Ea1 , Ea2 , . . . , Ean }, Evai ∈

{[0, 1],⊥};
– Oagi is the set of agent’s objectives, Oagi ⊆ A ∪ C, pre f erence relation ≥

on the set Oagi ;
– Kagi is the agent’s knowledge, where he can access the list of all sent and received

messages, as well as the preferences of other agents, according to the knowledge he
possess in a certain time instant of t .

Oagi can be reordered using the following formula:

AResultoi
= oi ∗ CS + ( NS

ND

) × CO

CS + CO
(1)

where:

– oi is the assessment done to the objective i for which the result is being measured;
– CS is the value of Concern for Self [1, 2, 3];
– NS is the current number of agents supporting Altx ;
– ND is the total number of participating agents;
– CO is the value of Concern for Others [1, 2, 3].

Formula 1 reflects the importance of the objective to an agent with a certain style of
behaviour, while he takes into account the probability to achieve that same objective. Our
proposal intends to (besides helping to achieve a consensus) help the group to take advantage
of the benefits related to group decision-making and be able to achieve decisions with more
quality. Therefore, an important metric is to relate the level of consensus with the final level
of satisfaction that is achieved by each decision-maker.

Definition 5 A behaviour βi = {Rcβi , Alβi ,Csβi ,Coβi consists of (according to [36]):

– Rcβi is the agent’s resistance to change dimension value;
– Alβi is agent’s activity level dimension value;
– Csβi is the agent’s Concern for Self dimension value;
– Coβi is the agent’s Concern for Others dimension value.

Definition 6 A locutionϕi = {idϕi , T pϕi , T xϕi ,Ctϕi , Vrϕi , Drϕi , Dmϕi , Avϕi } consists of:
– i ∈ {1, 2, . . . , n};
– idϕi is the locution’s id (unique);
– T pϕi is the locution’s type (Question, Statement and Request);
– T xϕi is the text associated with the locution;
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Table 1 Considered Locutions (some examples)

Locution Type Text Context Variables Domain

Criteria general
preference

Statement “For me the most
important
criterion/a is/are
1, 2, . . . , n”

Criterion Criterion
1, 2, . . . , n

General

End of participation Statement “I have nothing
more to say”

Without
context

– General

Alternatives individual
preference

Question “Who prefers the
alternative/s n?”

Alternative Alternative
1, 2, . . . , n

Specific

... ... ... ... ... ...

– Ctϕi is the locution’s context (Alternative, Criterion or Without Context);
– Vrϕi is the set of variables associated with the locution (Alternative or Criterion);
– Drϕi is the direction associated with the locution (infavor, against, null);
– Dmϕi is the locution’s domain (General or Specific);
– Avϕi is the locution’s state (Available or Not Available).

Rule 2 Whenever a locution is added to Pragi in the time instant t , its state will be
Avtϕi , Av = Available.

Rule 3 Whenever a locution is used at a time instant t , its state will change to Avtϕi , Av =
Not Available.

Rule 4 Whenever a locution Dmϕi , Dm = Speci f ic is added to Pragk at the time instant t ,
then ∀Dmϕi ∈ LDm ⊂ Pragk , Dm = General and its state will be Avtϕi , Av = Available.

Rule 5 For any locution ϕ j ∈ Lspci
∧ ci ⊂ Vrϕ j , there cannot be another locution ϕk where

ci ⊂ Vrϕk ∧ ϕk /∈ Lspci
.

Rule 6 For any locution ϕ j ∈ Lspai
∧ai ⊂ Vrϕ j , there cannot be another locution ϕk where

ai ⊂ Vrϕk ∧ ϕk /∈ Lspai
.

Some examples of possible locutions are specified in Table 1 (in our experiments we are
dealing with 18 different locutions).

Definition 7 A message ψi = {idψi , ϕψi , trψi , αψi , ensψi , Enrψi } consists of:
– i ∈ {1, 2, . . . , n};
– idψi is the conversation code;
– ϕψi is the locution sent in the message;
– trψi is the target associated with the message (can be null or be another message);
– αψi is the justification associated with the locution (can be an argument or can be null);
– ensψi is the agent/user who sent the message;
– Enrψi is the set of agents/users who will receive the message (can be 1 or *).

Rule 7 For any message ψ created by a decision-maker Drϕψ , Dr �= null. This means that
the message’s locution can only be either infavor or against Vrϕψ .

Definition 8 An argument αi = {idαi , t xαi , Vrαi } consists of:

123

Author's personal copy



168 publications composing the doctoral thesis

Dynamic argumentation in UbiGDSS

Fig. 1 Agent’s communications workflow

– i ∈ {1, 2, . . . , n};
– idαi is the identification of a particular argument;
– t xαi is the text associated with a particular argument;
– Vrαi is the set of variables associated with a particular argument (can contain alternatives

and criteria).

Figure 1 represents the workflow proposed to use the argumentation model definition that
is presented in this work. This workflow represents the communications and the interactions
which can be performed by agents. The process is very clear and allows the decision-makers
to understand the interactions and communications that happen between agents.

Proposition 1 The system is finite.

Proof The size of the list of objectives of an agent agi , which includes criteria and alternatives
will be |Oagi | ≤ |A| ∪ |C |, which corresponds at best to the entire set of all criteria and
alternatives. This means that at a certain time instant t agent agi may use legally Lt

Ct ,Ct =
Alternative∨Criterion locutions. Whenever a new objective is added (for example, a new
alternative), theLspa j

is added to Pragi . If in a time instant t+x all the criteria and alternatives

were added to Pragi , then Prt+x
agi = Lc. Since ∀Dmϕ j ∈ LDm ⊂ Prt+x

agi , Dm = Speci f ic
can only be used once, even if Pragi size may increase throughout the process, the system
will be always finite. ��

Up until now, we have presented the definition for the proposed argumentation model
only considering the agents’ point of view. From this point forward, all the definitions pre-
sented will be directed towards to the interactions between decision-makers. However, these
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definitions are an extent of what has been proposed so far which will allow both agents and
humans to use the same model definition.

Decision-makers, compared to agents, can also create messages that will hold the new
knowledge as well as a new set of dynamic arguments. We can imagine an UbiGDSS as
something that can be used in all sort of electronic devices and that allows quick interactions.
An example of a quick interaction would be the easiness in which we can leave a “Like” in a
Facebook photograph. Our approach allows decision-makers to create messages that include
arguments that are infavor or against. Each created message may lead to n − 1 messages,
where n is the number of decision-makers evolved in the process. Decision-makers can argue
against a message through the use of an attack or argue in favour of a message through the
use of a reinforcement. The way the model is defined allows the message content to be of any
sort of format like text or voice, since that information is irrelevant to the agent. A decision-
maker may evaluate messages sent by other decision-makers, and this will allow agents to
understand human interactions and the impact of every conversation. Figure 2 represents
the workflow proposed for all the interactions and communications that happen between
decision-makers.

Example 4 (Message pro) Drϕψ , Dr = in f avour . That means something positive related
to Vrϕψ . Such message is said pro the Vrϕψ . For our previous example, a message ψ pro
could have Vrϕψ , Vr = a1 ∧ T xαψ , T x = “1st maintenance service is f ree”.

Example 5 (Message cons) Drϕψ , Dr = against . That means something negative related
to Vrϕψ . Such message is said cons the Vrϕψ . For our previous example, a message ψ

cons could have Vrϕψ , Vr = c3, c3a = no ∧ T xαψ , T x = “The high temperatures
in our area will damage the product in a car wi thout air conditioning”.

Definition 9 Let Ψ = {ψ1, ψ2, . . . , ψn}, n > 0 denote a finite set of n messages that are
exchanged during a human discussion.

Let us now define two functions that relate the messages in favour or against an ai ∈
A, c j ∈ C, Ak ⊆ AorCl ⊆ C (Let us consider X � ai ∪ c j ∪ Ak ∪ Cl ):

– Fin f avour : X → ∀ψ ∈ Ψ, Drϕψ = in f avour , is a function that returns the messages
in favour of X . Such messages are said pro the X ;

– Fagainst : X → ∀ψ ∈ Ψ, Drϕψ = against , is a function that returns the messages
against X . Such messages are said cons the X .

Rule 8 A message is either in favour or against X . It cannot be both, so: ∀ψ ∈ Ψ s.t.¬(ψ ∈
Fin f avour (X) ∧ ψ ∈ Fagainst (X)).

It is obvious that we are dealing with a context where we can easily find many conflicts
of interests. This means that even if decision-makers have the collective goal to achieve the
best possible solution for the group, they will still try to persuade each other to accept their
preferred alternatives that they consider to be the best solution for the problem. This leads
to different views on how to solve the problem (which is an advantage of group decision-
making). In order to represent this situation, our proposal allows decision-makers to evaluate
messages created by other decision-makers.

Our messages may have strengths of various weights. But those strengths depend on each
decision-maker evaluation. This means that in our proposal a decision-maker can consider
an argument to be very strong (or important), while another decision-maker may consider
that same argument to be completely irrelevant. That strength allows arguments to rank-order
each alternative according to the decision-maker point of view.We believe that this evaluation
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Fig. 2 Decision-makers’ communications workflow

should be made in a very simple way, similarly to how a person leaves a “Like” in a social
network. With the definition here proposed, it is possible to filter all the information towards
decision-makers’ evaluations and the messages interdependency.

Definition 10 A message evaluation ξ = {enξi , ψξi , evξi } consists of:
– i ∈ {1, 2, . . . , n};
– enξi is the user who performed the evaluation;
– ψξi is the message being evaluated;
– evξi is the evaluation mode [−1, 1].
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Fig. 3 Representation of
(n − 1)ary tree messages

Definition 11 Let Ξ = {ξ1, ξ2, . . . , ξn} denote a finite set of n evaluations that are made
during a human discussion.

Let us now define two functions that return all messages approving or disapproving a
message ψi :

– Fapproval : ψi → ∀ξ ∈ Ξ,ψξ = ψi ∧ evξi > 0, is a function that returns all messages
approving ψi ;

– Fdisapproval : ψi → ∀ξ ∈ Ξ,ψξ = ψi ∧evξi > 0, is a function that returns all messages
disapproving ψi .

In our proposal, the notion of attack is intrinsically directional: if ψ1 attacks ψ2, this
corresponds to the fact that ψ1 has the power to affect ψ2, and not vice versa. Likewise, if ψ1

reinforce ψ2, this corresponds to the fact that ψ1 has the power to support ψ2. Notice that,
we consider the attacks and reinforcements between messages and not between arguments.
However, when a decision-maker decides to perform an attack or a reinforcement, it is
mandatory to insert the justification, so a message has mandatorily an argument included.We
represent an attack through ψ1 → ψ2 and a reinforcement through ψ1 � ψ2. Each message
can result in n−1messages, where n is the number of decision-makers evolved in the process.
A group ofmessageswith the same idψi can be represented through a (n−1)ary tree (Fig. 3).

A message ψi can only affect a message ψ j only if there is a directed path from ψi to
ψ j . That means (considering Fig. 3) if a decision-maker evaluates positively the ψ9, his
evaluation is also affecting ψ9, ψ7, ψ3 and ψ1. On the other hand (and again considering
Fig. 3), if the decision-maker evaluates positively ψ4, although ψ4 has the same sign as ψ3,
we cannot correlate the messages.

Let us now define two functions that relate a message ψ1 to the messages reinforcing it
and to the messages attacking it:

– Frein f orcement : ψ1 → ∀ψ ∈ Ψ, trψ = ψ1 ∩ Fapproval(ψ1), is a function that returns the
messages reinforcing ψ1. Such messages are said pro the message ψ1;

– Fattack : ψ1 → ∀ψ ∈ Ψ, trψ = ψ ∩ Fdisapproval(ψ1), is a function that returns the
messages attacking ψ1. Such messages are said cons the message ψ1.

Let us define a function which returns the messages sent by user en1:

– Fsentby : en1 → ∀ψ ∈ Ψ, enψ = en1, is a function that returns all the messages sent by
user en1.

Let us define a function which returns all evaluations done by user en1:

– Fevaluatedby : en1 → ∀ξ ∈ Ξ, enξ = en1, is a function that returns all evaluations done
by user en1.
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Let us define a function which returns all messages evaluated by user en1:

– Fmsgevaluatedby : en1 → ∀ψ ∈ Ψ,∀ξ ∈ Fevaluatedby(en1), ψξ = ψ , is a function that
returns all messages evaluated by user en1.

Let us define a function which returns the evaluation given to a message ψ1 by user en1:

– Fusermessageevaluation : en1, ψ1 → ∀ξ ∈ Fevaluatedby(en1), ψξ = ψ1, is a function
which returns the evaluation given to a message ψ1 by user en1.

Let us now define a function to identify leaf messages sent during a human discussion:

– Flast : Ψ → ∀ψ ∈ Ψ, Frein f orcement (ψ) ∪ Fattack(ψ) = ∅, is a function that returns
the messages that are not attacked or reinforced thus being leaf messages exchanged in
a human discussion.

Let us now define a function that returns all the messages done until message ψ1 which
can be more than one reinforcement or just only one attack:

– Frein f orcementrow : ψ1 → ∀ψ ∈ Ψ,

⎧
⎪⎨

⎪⎩

Frein f orcementrow(ψ),ψ ∈ Frein f orcement (ψ1)

ψ1, ψ ∈ Fattack(ψ1)

ψ1, ψ /∈ Fattack(ψ1) ∨ Frein f orcement (ψ1)

, is

a function that returns all the reinforcement or the attack done until ψ1.

Let us now define a function that returns all the messages prior to each last message in a
human discussion that are either reinforcements (in the limit it could be all reinforcements
until the initial message) or an attack:

– Flastdiscussions : Ψ → ∀ψ ∈ Flast , Frein f orcementrow(ψ), is a which returns all the
messages prior to each last message that are either reinforcements or an attack.

Let us define a function that returns all the last evaluations done by user en1:

– Flastevaluatedby : en1 → ∀ξ ∈ Fevaluatedby(en1), ψξ ∈ Flastdiscussions , is a function
that returns all the last evaluations done by user en1.

In order to identify all the last evaluations done by en1 in a certain dialogue, the idψ

can be used to filter those evaluations, and therefore the function which returns all the leaf
evaluations done by user en1 in a dialogue with idψ1 would be:

– Flastevaluationsin : idψ1 → ∀ξ ∈ Flastevaluatedby(en1), idψξ = idψ1 , is a function that
returns all the last evaluations done by user en1 for the human dialogue with the id idψ1 .

In [41] the researchers state that argumentation-based decision process can be decomposed
into the following steps: (1) Constructing arguments infavor/against statements (beliefs or
decisions), (2) Evaluating the strength of each argument, (3) Determining the different con-
flicts among arguments, (4) Evaluating the acceptability of arguments and (5) Comparing
decisions on the basis of relevant “accepted” arguments.We consider that in our work, we are
able to deal with all of this topics as we will prove in our experiments. In addition, our model
has the advantage of integrating those points in a perspective that deals with both agents and
humans using the same definition.

It will be next described each step for agents to take advantage of the information
exchanged during human dialogues.

When an agent is starting a new discussion, it will first select the highest evaluation whose
representing decision-maker evaluated from all topics that were created. For that, it is next
shown a function that returns all root messages from Ψ set:

123

Author's personal copy



3.5 dynamic argumentation in ubigdss 173

J. Carneiro et al.

– Froot : X → ∀ψ ∈ Ψ, trψ = null, is a function that returns all root messages.

Let us now define a function which returns the root message from the same topic of a
message ψ1:

– Ftopicof message : ψ1 → ∀ψ ∈ Ψ,

{
Ftopicof message(ψ), trψ1 = ψ ∧ ψ /∈ Froot
ψ, trψ1 = ψ ∧ ψ ∈ Froot

, is a

function which returns the root message from the same topic of a message ψ1.

Let us now define a function which returns all messages from a topic whose root message
is ψ1:

– Fmessagesintopic : ψ1 → ∀ψ ∈ Ψ, Ftopicof message(ψ) = ψ1, is a function which returns
all messages from a topic whose root message is ψ1.

Let us now define a function which returns all evaluations by a user en1 for a topic whose
root message is ψ1:

– Fevaluationsintopic : ψ1, en1 → ∀ξ ∈ Fevaluatedby(en1), ψξ ∈ Fmessagesintopic(ψ1), is a
function which returns all evaluations by a user en1 for a topic whose root message is
ψ1.

In order to select the highest evaluation ξhighest given by an agent en1, we can perform
algorithm (1).

After identifying the highest evaluation, the agent should express whether he agrees or
disagrees with the corresponding evaluated topic.

Let us define a function which returns a sorted list of messages exchanged prior to a
message ψ1 until the root message:

Let en1 be the agent;
Let maxeval be the highest evaluation value;
Let m be a float;
Let ξhighest , ξ1 be two evaluations;
begin

maxeval ← 0;
ξhighest ← Null;
foreach ψ ∈ Froot do

ξ1 ← Null
m ← 0
foreach ξ ∈ Fevaluationsintopic(ψ, en1) do

if evξ ≥ m then
m ← evξ i ;
ξ1 ← ξ ;

end if
end foreach
if m ≥ maxeval then

maxeval ← m;
ξhighest ← ξ1;

end if
end foreach

end
Algorithm 1: Select the highest evaluation of all messages

– Fmessagesbe f ore : ψ1 →
{
Fmessagesbe f ore(trψ1), trψ �= null

ψ1, trψ = null
, is a function which returns

a sorted list of messages exchanged prior to a message ψ1 until the root message.
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Let us now define a function which returns the direction value of a given message ψ1. It
returns 1 in case Drϕψ1

= in f avour and −1 in case Drϕψ1
= against :

– Fdirection : ψ1 →
{
1, Drϕψ1

= in f avour

−1, Drϕψ1
= against

, is a function which returns the direction

value of a given message ψ1.

To know whether an agent agrees or disagrees with a certain topic, with a root message
ψroot , depending on the highest evaluation given to that topic, we can perform algorithm (2).

The remaining agents can respond to the message created in the previous algorithm and
may extend the discussion on the same branch whether there is more relevant information
that can be exchanged or not depending if the message is a leaf in that branch.

Let us define a function which returns the evaluation done by an agent en1 for a message
ψ1. It returns 1 in case the agent agrees with the message and −1 if the agent disagrees with
the message:

Let ξhighest be the highest evaluation value;
Let ψroot be the root message;
Let ψreceived be the received message;
Let value be a Boolean;
begin

value ← Fdirection(ψξhighest );
ψroot ← Ftopicof message(ψξhighest );

foreach ψ ∈ Fmessagesbe f ore(ψξhighest ) do
value ← value × Fdirection(ψ);

end foreach
if value = −1 then

T xϕψcreated
= "I disagree wi th ψroot because ψξhighest ";

else
if value = 1 then

T xϕψcreated
= "I agree wi th ψroot because ψξhighest ";

end if
end if

end
Algorithm 2: Message creation

– Fmessageevaluation : ψ1, en1 → ∀ξ ∈Fevaluatedby(en1),

{
1, ψξ ∧ξ ∈Fapproval(ψ1)

−1, ψξ ∧ξ ∈Fdisapproval(ψ1)
,

is a function which returns the evaluation done by an agent en1 for a message ψ1.

The algorithm (3) shows how an agent can respond to a message ψreceived in a branch in
case that message is one of the leaf messages exchanged.
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Let en1 be the agent;
Let ψcreated , ψreceived be the two messages;
Let value be a Boolean;
begin

if ψreceived ∈ Flast then
if ψreceived ∈ Fmsgevaluatedby(en1) then

value ← Fmessageevaluation(ψreceived );
if value = −1 then

T xϕψcreated
= "I disagree";

else
if value = 1 then

T xϕψcreated
= "I agree";

end if
end if

else
if ψreceived /∈ Fmsgevaluatedby(en1) then

T xϕψcreated
= "I do not have in f ormation";

end if
end if

end if
end

Algorithm 3: Response to leaves’ messages

In the case the agent has to respond to a message ψreceived and that message is not one of
the leaf messages exchanged, thenψroot becameψreceived and the highest evaluation ξhighest
after that message is measured using the algorithm (4).

Let en1 be the agent;
Let ψroot be the root message;
Let maxeval be the highest evaluation value;
Let m be a float;
Let ξhighest , ξ1 be two evaluations;
begin

maxeval ← 0;
ξhighest ← Null;
ξ1 ← Null;
m ← 0;
foreach ξ ∈ Fevaluationsintopic(ψroot , en1) do

if evξ ≥ m then
m ← evξ ;
ξ1 ← ξ ;

end if
end foreach
if m ≥ maxeval then

maxeval ← m;
ξhighest ← ξ1;

end if
end

Algorithm 4: Message’s children evaluations analysis
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After identifying the ξhighest value, agent en1 responds using the algorithm (5).

Let en1 be the agent;
Let ξhighest , ξ1 be the new highest evaluation;
Let ψroot be the new root message;
Let ξroot be the new root evaluation;
Let valueroot , valuehighest be the two Booleans;
begin

valuehighest ← Fdirection(ψξhighest );
valueroot ← Fdirection(ψroot );
if valuehighest = valueroot then

ξroot ← Fusermsgevaluation(en1, ψroot );
if evξhighest > evξroot then

t xϕψcreated
= "I agree wi th ψroot because ψξhighest ";

else
if evξhighest ≤ evξroot then

t xϕψcreated
= "I agree";

end if
end if

else
if valuehighest �= valueroot then

t xϕψcreated
= "I disagree wi th ψroot because ψξhighest "

end if
end if

end
Algorithm 5: Response to non-leaves’ messages

The response process repeats until there are only last messages to be discussed, and agents
must obligatorily respond with either “Agree” or “Disagree” or “With no Information” thus
not being able to extend the conversation in that branch. The discussion on the same topic
ends if no agent intends to discuss more information existing in different branches of the
same topic. Otherwise, the agent must repeat algorithm (4) to identify ξhighest value and then
repeat algorithm (2) only if ψξhighest has not been discussed before.

4 Experiments

To validate our approach, we have implemented the proposed argumentation model and a
multi-agent decision-making dialogue system using JADE [2]. In addition, we developed a
graphical user interface (GUI), to the decision-makers interaction with the system. The main
goal of the performed experiments was to validate each hypothesis defined in this work: (1)
make it possible for both agents and decision-makers to use a dialogue which is clear to
everyone involved in the decision-making process (2) let both agents and decision-makers to
take advantage of the knowledge which is generated and (3) not force decision-makers with
information formulation patterns which may compromise the usability of the entire system
as well as the process.

We have used a very simple scenario where decision-makers would feel comfortable with
the chosen topic. The idea was to put four persons together (which represented each decision-
maker) with the goal to choose a certain carmodel that would be purchased by an organization
(each decision-maker was told that it would be purchased 300 units of the chosen model). For
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Table 2 Multi-criteria problem Alternative Price Con CO2 CC HP TS Fuel

Brand_A1p 19,100 3.3 87 1248 95 182 Diesel

Brand_B2er 19,065 3.2 82 1461 90 180 Diesel

Brand_C3fr 17,158 4.2 112 1248 75 165 Diesel

Brand_D4t 15,400 4.3 106 988 90 180 Petrol

Table 3 Criteria specification

Criterion Greatness Value Scale

Price (Prc) Numeric Minimization Euros

Consumption (Con) Numeric Minimization l/100km

CO2 Numeric Minimization g/km

Displacement (CC) Numeric Maximization cm3

Horse power (HP) Numeric Maximization Horses

Top speed (TS) Numeric Maximization Km/h

Fuel Classificatory Without value Petrol/diesel

this work, it is not relevant to perform demographic analysis as it is not intended to evaluate
the quality of the decision, and these experiments will be only focused on each hypothesis
that was introduced.

However, all participants were graduated and aged between 23 and 45 years. Each agent
intended to represent one member of the organization administration board. This means that
agents are cooperative because they all have to choose the best decision for that organization
and they are also competitive because they aim to persuade other agents to accept what they
believe that is the best decision (according to their configuration).

Table 2 represents the multi-criteria problem in question. There have been identified four
possible alternatives.

These alternatives have been classified according to seven criteria (see Table 3 for all the
information regarding the criteria). Considering that we do not evaluate criteria while trying
to solve a multi-criteria problem [6,7,9], a decision-maker may prefer a certain alternative
for subjective or unknown reasons that are not specified in the problem configuration.

In order to let decision-makers interact with the system, four basic functions were created:
problem configuration (evaluation of alternatives, criteria and style of behaviour), message
creation, message evaluation (and response to that message) and the possibility to view
results (from the decision-making process as well as other information). Figures 4, 5, 6 and 7
represent the GUI developed to support these functions.

Decision-makers classify both alternatives and criteria using slide barswith values ranging
from 0 to 100 (Fig. 4). These slide bars are based on the visual analogue scale (VAS) as many
studies have proven that VAS allows obtaining informationmore quickly and assertively [40].
It is very easy to configure and can be used in many different electronic devices. Besides this,
it also enhances the interaction between the user, and the system allowing him to compare
directly different alternatives and criteria and make more accurate evaluations.

To create a new message, decision-makers can select the variable that will be discussed
and insert an argument in favour or against that variable (Fig. 5). Once again, this step is
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Fig. 4 Multi-criteria problem configuration’s GUI

very easy and fast to configure and the components are accessible on all kind of electronic
devices.

When evaluating received messages, decision-makers can once again use a slide bar and
the system will automatically suggest the user respond that message with an attack or rein-
forcement depending on the given evaluation (Fig. 6). If the user approved the message, he
will be suggested to reinforce that message. If the user disapproved the message, he will be
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Fig. 5 Message creation GUI

suggested to attack that message. It must be noted that both evaluations and responses are
not mandatory and can be done only if the user intends to do so.

As can be seen in these figures, each step requires very simple and intuitive configuration.
To perform all experiments, it was requested to each participant (decision-maker) to imagine
and reflect on which alternative he would personally consider as the best and only after
that reflection that interaction process could be started. It was requested for all participants to
configure the problemaccording to that initial reflection.The results are shown inTables 4, 5, 6
and 7.

4.1 Experiment #1

The first experiment studied the way in which agents use the configurations done by decision-
makers and the type of information that they can collect and provide to each decision-maker
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Fig. 6 Received message’s evaluation and message’s response creation

Fig. 7 Results’ report
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Table 4 Participant 1 problem
configuration

Topic Value

Brand_A1p 0.86

Brand_B2er 0.80

Brand_C3fr 0.70

Brand_D4t 0.40

Price 0.95

Consumption 0.99

CO2 0.85

Displacement 0.60

Horse power 0.60

Top speed 0.40

Fuel Diesel

Agent’s behaviour Integrating

Credible agents Participant 2, participant 3

Table 5 Participant 2 problem
configuration

Topic Value

Brand_A1p 0.75

Brand_B2er 0.80

Brand_C3fr 0.90

Brand_D4t 0.30

Price 1.00

Consumption 0.80

CO2 0.50

Displacement 0.65

Horse power 0.65

Top speed 0.30

Fuel Diesel

Agent’s behaviour Integrating

Credible Agents –

they represent. The dialogue performed between agents is shown next, where it is possible
to understand the course of the conversation (note: the several types of arguments used in
requests as well as the algorithms used to evaluate and accept/decline requests are not the
main focus of this work and therefore will not be explored in more detail).

Facilitator: The Meeting is going to start ...
(Public Conversation)
Agent4: I prefer the Alternative Brand_B2er.
Agent1: I disagree.
Agent3: I disagree.
Agent2: I disagree.

(Private Conversation)
Agent3 -> Agent4: Will you accept Alternative Brand_A1p?
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Table 6 Participant 3 problem
configuration

Topic Value

Brand_A1p 0.57

Brand_B2er 0.55

Brand_C3fr 0.20

Brand_D4t 0.00

Price 0.90

Consumption 0.90

CO2 0.60

Displacement 0.80

Horse power 0.60

Top speed 0.30

Fuel Diesel

Agent’s behaviour Obliging

Credible Agents Participant 2

Table 7 Participant 4 problem
configuration

Topic Value

Brand_A1p 0.60

Brand_B2er 0.68

Brand_C3fr 0.30

Brand_D4t 0.20

Price 0,95

Consumption 1.00

CO2 0.56

Displacement 0.70

Horse power 0.45

Top speed 0.10

Fuel Diesel

Agent’s behaviour Compromising

Credible agents –

Agent4 -> Agent3: I refuse.

(Public Conversation)
Agent3: Which criteria do you consider as most important?
Agent2: For me the most important criterion is: Price
Agent1: For me the most important criterion is: Consumption.
Agent4: For me the most important criterion is: Consumption.
Agent3: For me the most important criteria are: Price and Consumption.

(Private Conversation)
Agent4 -> Agent1: Will you accept Alternative Brand_B2er?
Agent1 -> Agent4: I accept.

(Private Conversation)
Agent2 -> Agent1: Will you accept Alternative Brand_C3fr?
Agent1 -> Agent2: I refuse.

(Public Conversation)
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Agent1: I prefer the Alternative Brand_B2er.
Agent2: I disagree.
Agent3: I disagree.
Agent4: I agree.

(Private Conversation)
Agent2 -> Agent4: Will you accept Alternative Brand_C3fr?
Agent4 -> Agent2: I refuse.

(Public Conversation)
Agent2: Do you prefer the Alternative Brand_C3fr?
Agent1: No.
Agent3: No.
Agent4: No.

(Private Conversation)
Agent1 -> Agent2: Will you accept Alternative Brand_B2er?
Agent2 -> Agent1: I accept.

(Private Conversation)
Agent2 -> Agent3: Will you accept Alternative Brand_B2er? (It has

been accepted by more than half of the total number of
participants)

Agent3 -> Agent2: I accept.

The agents reached consensus.
Chosen alternative: Brand_B2er.
Facilitator: The Meeting is over.

Agents actions were different according to the style of behaviour that was chosen by each
representing decision-maker. Agents achieved a consensus towards alternative Brand_B2er.
The dialogue is relatively short due to the quickness in which agents were able to achieve
the consensus. However, it was still possible for agents to know during each phase of the
dialogue the numbers of supporters for each alternative as well as the most preferred criteria.
It was also still possible to identify alternatives which were not initially preferred but were
still within the acceptation range of participants (always considering the style of behaviour
and the goals for the meeting).

4.2 Experiment #2

The second experiment consisted in decision-makers proceeding with the decision-making
process and using the system to insert new knowledge (creating new messages with argu-
ments) about the problem. In this experiment, it was requested for each decision-maker to
evaluate all existing messages in order to understand how agents would use the new infor-
mation shared between decision-makers (Figs. 8, 9). The result was the following:
#1 Topic
ψ1 - Participant1 (In Favour - Brand_A1p): Very good recent

experience with their assistance service.
ψ3 - Participant2 (Attack): I think that argument can be applied to

every brand.
ψ4 - Participant1 (Attack): That is not true.
ψ5 - Participant2 (Attack): If you check car magazines you will see

that the other brands also have good marks in terms of
assistance service.

ψ6 - Participant1 (Attack): Yes. However , this particular brand has
always the highest scores and more importantly we have a
positive past experience with this brand.

ψ7 - Participant4 (Attack): That was verified on previous models.
However , if you check the tests regarding the newest models , you
will see that the difference is considerable.
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Fig. 8 Participants’ messages evaluation regarding #1 Topic. a Participant1 messages’ evaluation. b Partici-
pant2 messages’ evaluation. c Participant3 messages’ evaluation. d Participant4 messages’ evaluation

ψ2 - Participant3 (Reinforcement): Furthermore , I read a study in a
car magazine where they considered this brand as the best in
terms of assistance service in 2016.

#2 Topic
ψ1 - Participant4 (In Favour - Consumption): Considering each vehicle

does 3000km (in average) per month , we all should consider the
‘‘consumption ’’ as the most important criterion.

ψ2 - Participant2 (Attack): I disagree because we are going to
purchase 300 vehicles , so for me the price should be the most
important criterion.

ψ3 - Participant3 (Attack): I also think the price is a very
important criterion however , since there is not a big difference
between the prices for each alternative , we should focus our

attention in the consumption.
ψ4 - Participant4 (Reinforcement): Besides this we will set up a

payment plan with instalments (in 5 years) turning the price
difference even less significant.

ψ5 - Participant1 (Reinforcement): That is true but only in
alternatives with diesel fuel.

After participants (decision-makers) have performed a few conversations (2 topics), the
goal was to understand how agents would use the new knowledge in their dialogue. For that,
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Fig. 9 Participants’ messages evaluation regarding #2 Topic. a Participant1 messages’ evaluation. b Partici-
pant2 messages’ evaluation. c Participant3 messages’ evaluation. d Participant4 messages’ evaluation

a new negotiation round was generated. It is next presented the dialogue performed between
agents. It is only shown the part of dialogue which differs from the first experiment.

(Public Conversation)
Agent1: I agree with ψ1 because ψ7.
Agent4: I agree.
Agent3: I agree.
Agent2: I agree.
Agent2: Furthermore ψ2.
Agent4: I agree.
Agent1: I agree.
Agent3: I agree.
Agent4: Furthermore ψ6.
Agent2: I disagree.
Agent1: I agree.
Agent3: I agree.

(Private Conversation)
Agent1 -> Agent4: Will you accept Alternative Brand_A1p?
Agent4 -> Agent1: I accept.

(Public Conversation)
Agent1: I agree with ψ1 because ψ4.
Agent4: I agree.
Agent3: I agree.
Agent2: I agree.
Agent3: Furthermore ψ5.
Agent2: I agree.
Agent4: I agree.
Agent1: I agree.

(Private Conversation)
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Agent3 -> Agent2: Will you accept Alternative Brand_A1p?
Agent2 -> Agent3: I accept.

The agents reached consensus.
Chosen alternative: Brand_A1p.
Facilitator: The Meeting is over.

4.3 Experiment #3

In the third experiment, it was intended to study how agents would behave in case decision-
makers did not evaluate all existing messages. For that it was requested for each decision-
maker to only evaluate some existingmessages in order to simulatemore realistic situations in
which decision-makers may not have enough time to completely follow the decision-making
process (Fig. 10). It should be once again mentioned the main purpose of a group decision
support system which is to support the decision process and not replace decision-makers,
which means that it is very important that the system is able to provide sustained solutions
as the process proceeds further. It should be possible for a decision-maker who may not have
enough time to follow the process closely to still be able to collect and access information at
a later time which will allow him to understand how the process evolved and still be able to
insert new information as well as reconfigure the problem if it is necessary.

The results obtained in the new evaluations are the following:
Using this more complex scenario with much less available information, it was then

intended to study how agents would use the new existing knowledge in their dialogue, simi-
larly to the previous experiment. For that, a new negotiation round was generated. It is next
show the dialogue performed between agents. It is only shown the part of the dialogue which
differs from the first experiment.

(Public Conversation)
Agent3: I agree with ψ1 because ψ1.
Agent4: I agree.
Agent1: I agree.
Agent2: I disagree with ψ1 because ψ3.
Agent3: I disagree.
Agent1: I disagree with ψ3 because ψ4.
Agent3: I do not have that information.
Agent2: I disagree with ψ4 because ψ5.
Agent4: I agree.
Agent4: I disagree with ψ3 because ψ7.
Agent3: I do not have that information.
Agent2: I do not have that information.
Agent1: I do not have that information.
Agent1: Furthermore ψ6.
Agent3: I do not have that information.
Agent2: I do not have that information.
Agent4: I do not have that information.

(Private Conversation)
Agent1 -> Agent4: Will you accept Alternative Brand_A1p?
Agent4 -> Agent1: I accept.

(Private Conversation)
Agent3 -> Agent2: Will you accept Alternative Brand_A1p?
Agent2 -> Agent3: I refuse.

(Public Conversation)
Agent1: I agree with ψ1 because ψ1.
Agent4: I agree.
Agent3: I agree with ψ1 because ψ5.
Agent1: I agree.
Agent4: I do not have that information.
Agent2: I do not have that information.
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Fig. 10 Participants’ messages
evaluation regarding #1 Topic
and #2 Topic. a Participant1
messages’ evaluation regarding
#1 Topic. b Participant2
messages’ evaluation regarding
#1 Topic. c Participant3
messages’ evaluation regarding
#1 Topic. d Participant4
messages’ evaluation regarding
#1 Topic. e Participant1
messages’ evaluation regarding
#2 Topic. f Participant2
messages’ evaluation regarding
#2 Topic. g Participant3
messages’ evaluation regarding
#2 Topic. h Participant4
messages’ evaluation regarding
#2 Topic

Agent2: I disagree with ψ1 because ψ2.
Agent4: I disagree.
Agent1: I do not have that information.
Agent3: I disagree with ψ2 because ψ3.
Agent1: I do not have that information.
Agent2: I do not have that information.
Agent4: I agree with ψ3 because ψ4.
Agent1: I do not have that information.
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Agent3: I do not have that information.
Agent2: I do not have that information.

The agents reached consensus.
Chosen alternative: Brand_B2er.
Facilitator: The Meeting is over.

4.4 Experiment #4

In this last experiment, random arguments were created in order to build a more complex tree.
The idea was to study how agents would use the information existing in a tree with higher
complexity compared with the trees that were created in simulations with real participants.
The resulting tree as well as its information usage between agents is in Figs. 11 and 12.

Tree 1 is the initial tree. Tree 2 corresponds to the selection of most important argument
(ψ6) of the agent ag1. When ag1 usesψ6 (Tree 3), the entire path from the root message (ψ1)
untilψ6 is locked and cannot be used again by other agents. In Tree 4 it is possible to identify
an agent (ag2) which considers the argument in message ψ11 as the most important which
belongs to a branch that was not discussed before. He will then use that argument (Tree 5).
Since no other agent considers to be relevant to answerψ11 with an attack or reinforcement,
despite ψ11 not being the leaf message in that branch, the discussion about it will then end.
In Tree 6 we can see that for agent ag4 the most important argument in this topic was in
message ψ8, and therefore, he then uses this argument (Tree 7) to express his opinion on the
topic. However, agent ag1 disagrees with this argument and performs an attack to message
ψ8 using message ψ9 (Tree 8 and 9).

5 Discussion

In this section, all the hypotheses are discussed. Besides this, some important points are also
considered. As mentioned before, the goal of this work is to answer each hypothesis that was
previously identified.

5.1 Experiments overview

The first experiment reflects most aspects which are observed in existing argumentation
models. It allows creating statistic data and at the same time aim to identify a possible
agreement for all agents. We can already consider that our approach differs from this more
conventional paradigm since agents are defined with a style of behaviour which allows to
better represent the interests of decision-makers. Therefore, we think agents behave in amore
dynamic and intelligent way. Nevertheless, this behaviour is not the focus of how work (to
learn more please consult [36]).

In the second experiment, agents used all information obtained from the first experiment
plus the dialogues performed between decision-makers. It was possible to verify that agents
used the dialogues performed between decision-makers successfully. They are able to justify
the reasons to support certain preferences as well as identify which agents supported (or
not) each argument used by decision-makers. However, since the dialogues used in these
experiments were very short, agents used most of the arguments that were not attacked or
reinforced. Besides this, since agents could use this dynamic argumentation, they were able
to reach a consensus on a different alternative compared to the first experiment.
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Fig. 11 Discussion flow—Part 1. a Initial state of the messages’ tree. b Selection of a message. c Branch
lock. d Selection of a message. e Branch lock. f Selection of a message

In the third experiment, it was verified that using dynamic argumentation was not very
useful as decision-makers evaluated very few messages. The decision achieved was the same
of the first experiment. It was still considered as an advantage the fact that new information
can be created such as decision-makers knowing why ag1 agrees with message ψ5 but at
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Fig. 12 Discussion flow—Part 2. a Branch lock. b Selection of a message. c Branch lock

the same time did not evaluate any message attacking it, or which decision-maker does not
have an opinion on each message, etc. Finally, in the last experiment, it was necessary to
create artificial dialogues with a higher level of complexity in order to learn if agents are
able to deal with such kind of context. It was verified that agents are able to “ignore” less
relevant messages and create interesting dialogues about only the most relevant messages.
The dialogue presented a natural flow which allows agents to take further advantage of this
process when making requests in the future.

5.2 Hypotheses

The main goal of this work was to validate each hypothesis that was defined: (1) make it
possible for both agents and decision-makers to use a dialogue which is clear to everyone
involved in the decision-making process (2) let both agents and decision-makers to take
advantage of the knowledge which is generated and (3) not force decision-makers with
information formulation patterns which may compromise the usability of the entire system
as well as the process.

This work allowed to validate each hypothesis by observing the results. This means that it
was not possible to mathematically validate each hypothesis; however, it seems their valida-
tion can still be supported looking at the obtained results for each experiment. It was possible
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to verify that agents were able (with great success) to use the dialogue performed between
decision-makers to create new dialogues, and these dialogues offered several advantages to
decision-makers as can be seen in the next section of this work. In terms of configuration
costs and looking at the figures presented in previous sections of this work (as well as with
the feedback received from the participants in the experiments), they were almost null. When
a decision-maker intends to respond to a message, he only needs to evaluate that message
using a one-click slide bar.

5.3 Advantages of the proposed approach

The approach here introduced should be used in a ubiquitous group decision support system.
Therefore, in this context, decision-makers do not have much availability or means to gather
at the same place and at the same time just to make a decision. It is necessary to use an
approach which can suggest intelligent solutions but also report those solutions in a very
clear and organized way to each decision-maker saving time and also supporting solutions
with explanations that actually let decision-makers learn the reasons behind such suggestions.
This allows decision-makers to trust the system and eventually accept the proposed solution
or make them look for different options.

Looking at all the reviewed works, it seems that there is not a single proposal that can
represent the decision-making process as it happens in face-to-face meetings. This is a very
important issue that may compromise the success of the system. Furthermore, looking at
the negation process itself, some authors refer the need to define a flexible argumentation
framework; however, the current proposals cannot suggest a dynamic approach that allows
decision-makers to participate in the decision-making process like it happens in face-to-face
meetings. The existing approaches only allow to define initial configurations and generate
final outputs (undervaluing the process). Besides this, looking at existing proposals, it seems
that there is some difficulty to generate information which both decision-makers and agents
can understand and use.

The approach presented in this work aims to answer all these necessities. It is the first
existing approach in literature completely directed to ubiquitous scenarios which combines
both agent and human dialogues. Agents are able to report decision-makers typical questions
such as: percentage of agents in favour of each alternative, which agent supports each alterna-
tive/ criterion, which criterion is considered as the most important and many other statistical
data that can be retrieved from initial configurations. Besides this, with the approach here
presented, agents are able to use the arguments created by decision-makers in their dialogue,
and learn (within their necessities) its meaning and importance. It is also possible for agents
to report decision-makers the most disagreed points of the discussion which are impeding an
eventual consensus. It is possible to know exactly who is in favour of certain alternatives/cri-
teria and also measure, or at least guess, with which level of intensity. This approach allows
(due to the type of argumentation that is considered) documenting decisions so that in the
future it can be known the reasons that made certain decisions. It is obvious that agents can
report the main aspects in favour/against each criterion/alternative and measure the strength-
/trust for arguments sustaining certainmessages, allowing to “ignore” less relevant arguments
and building more intelligent reports based on the interests of the decision-makers.

Finally, looking at the definition of the approach, it will be possible to obtain many
future advantages which will depend on the work that can be done using the same approach.
For example, the intelligence complexity hat can be included in agents. There is enough
information that allows agents to perform and accept requests in a much more complex yet
interesting way compared to other existing models.
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5.4 Complex or problematic situations

Some problems may occur under certain situations. One of those is when the decision-maker
approves (positively evaluates) an attack done to a message created by him. This situation
may seem strange but may still happen; for example, if the message which is attacking
contains new knowledge which the decision-maker did not know in first place and he agrees
with it. Another problematic situation happens when a decision-maker evaluates (approves
or disapproves) two branches with different signs (one branch is attacking the initial message
and the other is reinforcing it) with the same value. However, we think that these situations
are not too problematic in our approach as the algorithm always considers the message which
the decision-maker considered as most important. That message with the highest evaluation
is used as reference to know the opinion of the decision-maker towards the root message. We
still think that it is fundamental, for this specific situation, that the system should warn the
decision-maker in the moment of the evaluation (through the user interface). Furthermore,
we even consider that if a decision-maker evaluates a message with a value higher than
another message which he had evaluated previously, the system should also warn him asking
if he really intends to consider the new message more important than the previous evaluated
message.

6 Conclusions and future work

Supporting and representing the group decision-making process is a complex work, espe-
cially when we consider decision-makers that cannot gather at the same place and time. One
of the mechanisms suggested in the literature that supports this type of problem is the auto-
matic negotiation. This mechanism aims to find possible solutions to solve a problem while
considering every preference of each decision-maker for that problem.

In this work, we introduced the possibility to create dynamic arguments through a def-
inition of an argumentation model. With our proposal, it is possible (and motivates) for
an interaction between decision-makers, which allows to create new arguments (in favour
or against) and also reinforce or attack other arguments created by other decision-makers.
The way decision-makers can evaluate each argument will allow the agents to understand
the impact of the interactions for the decision-maker they represent and not the content of
the conversation (which could be text, sound, etc.). Besides this, since agents share the same
problem definition, it allows decision-makers to understand all the interactions between those
agents and the reason why they suggest a certain solution for the problem. This approach
may also be advantageous to register the reasons that led decision-makers to choose a certain
decision. In this work, we also proposed an algorithm that allows agents to navigate and
manipulate message trees.

It is always very difficult to validate a proposal of this nature,mainly becausewe are talking
about something that will be used by human beings, and therefore there is not a mathematical
proof that grants the acceptance of a model/system. However, our proposal was defined so
that it takes advantage of the typical benefits related to group decision-making (unlike the
approaches on existent argumentation models that deal with this type of context). We verified
that agents were able to use dialogues performed by decision-makers and create/organize new
knowledge which in turn is completely perceptible to decision-makers. We verified that our
approach takes advantage of the benefits inherent to group decision-making and deals with
the decision-making process in a continuous way through several interactions. Besides this,
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we verified that our approach can be implemented without compromising the system in terms
of usability.

As future work, we intend to develop a framework where the information will be analysed
using multidimensional matrices. This way agents will be able to use this new knowledge
and improve their ability to make requests and consequently evaluate them. Besides this, the
agent should also take his defined behaviour into account when doing any analysis in order
to properly support and defend the perspective of the decision-maker he represents. Finally,
we intend to work on the branch of how and what type of information should be presented
to the decision-maker, through what we will call as intelligent reports.
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In this work, we propose an argumentation-based dialogue model designed for Web-based Group 

Decision Support Systems, that considers the decision-makers’ intentions. The intentions are modelled 

as behavior styles which allow interactions between agents in a very similar way to those as humans 

would have in face-to-face meetings. In addition, we propose a set of arguments that can be used by 

the agents to perform and evaluate requests, while considering the agents’ behavior style. The 

inclusion of decision-makers’ intentions intends to create a more reliable and realistic process. Our 

model proved, in several different perspectives, that in a virtual context, higher levels of consensus 

and satisfaction are achieved when using agents modelled with behavior styles compared to agents 

without any features to represent the decision-makers’ intentions. 

Keywords: Web-based Group Decision Support Systems; Argumentation; Multi-Agent Systems; 

Decision-Making; Multi-Criteria Problems; Cognitive aspects. 

1991 Mathematics Subject Classification: 22E46, 53C35, 57S20 

1.   Introduction 

It is known that many of the decisions that take place in organizations are made in group 

(Lunenburg, 2011). Group decision-making is a process in which a group of people, called 

participants, act collectively to analyze a set of variables, considering and evaluating the 

available alternatives in order to select one or more solutions. The number of participants 

involved in the process is variable and all of them may be either at the same place at the 

same time or geographically dispersed at different times (Luthans, Luthans, & Luthans, 

2015). There are 2 main reasons for which decisions are made in group: on the one hand, 

most of the current organizations organigrams involve several decision-makers (Luthans 
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et al., 2015), both at the strategic (Eisenhardt & Zbaracki, 1992) and at the technical level 

(Montoya-Weiss, Massey, & Song, 2001), on the other hand, to decide in group can 

potentiate the decision quality (Dennis, 1996; Hill, 1982; Huber, 1984). Group Decision 

Support Systems (GDSS) have been widely studied throughout the last decades to support 

this type of decisions (DeSanctis & Gallupe, 1984; Desanctis & Gallupe, 1987; Gray, 1987; 

Marakas, 2003). However, in the last ten/twenty years, we have seen a remarkable change 

in the context where the decision-making process happens, especially in large 

organizations (Chen, Liou, Wang, Fan, & Chi, 2007; Grudin, 2002). With the emergence 

of global markets, the growth of multinational organizations and a globalist view of the 

planet, we can easily find decision-makers (chief executive officers, managers and other 

members of global virtual teams) spreading around the world, in countries with different 

time zones (Shum, Cannavacciuolo, De Liddo, Iandoli, & Quinto, 2013). Moreover, to 

support the group decision-making process in this context is especially complex, due to the 

decision-makers being geographically dispersed. This can lead to additional problems: 

failure to communicate and retain contextual information, unevenly distributed 

information, difficulty to communicate and to understand the salience of information, 

differences in the speed of access to information, and difficulty to interpret the meaning of 

silence (Bjørn, Esbensen, Jensen, & Matthiesen, 2014); and to deal with temporal issues, 

which can originate: ambiguity, conflicting temporal interests and constraints, and scarcity 

of temporal resources (McGrath, 1991). To provide an answer and operate correctly in this 

type of scenarios, the traditional GDSS have evolved to what is known today as 

Ubiquitous/Web-based Group Decision Support Systems (Web-based GDSS) (Alonso, 

Herrera-Viedma, Chiclana, & Herrera, 2010; Kwon, Yoo, & Suh, 2005; Marreiros, Santos, 

Ramos, & Neves, 2010) . The idea behind the Web-based GDSS is to support the decision-

making process “anytime” and “anywhere”, and to help dealing with some of the referred 

problems (Santos, Marreiros, Ramos, Neves, & Bulas-Cruz, 2006; Shim et al., 2002). 

In a group decision-making process there is a conflict of interests and each of the parties 

involved may (or may not) have different objectives and needs that intends to satisfy 

(Lewicki & Litterer, 1985). Some strategies that can be used in Web-based GDSS have 

been proposed, such as Multiple-Criteria Decision Analysis (MCDA) methods and 

automatic negotiation models (game theory, heuristics and argumentation) (Carneiro, 

Conceição, Martinho, Marreiros, & Novais, 2016; Rahwan et al., 2003). They intend to 

help decision-makers in achieving an agreement through frameworks and other specific 

strategies (Fedrizzi & Kacprzyk, 1988; Iván Palomares & Martínez, 2014). During the 

process of a real face-to-face decision-making scenario, dialogues can assume different 

types like: persuasion, information-seeking, inquiry, among others (D. Walton & Krabbe, 

1995). The argumentation-based dialogue models can be a suitable strategy to help 

overcome the lack of interaction inherent to the decision-making processes in which 

decision-makers are geographically dispersed (Kakas & Moraitis, 2003; Karacapilidis & 

Papadias, 2001; Rahwan et al., 2003). They allow agents (that can represent decision-

makers) to exchange proposals including justifications and explanations which are 

essential for an agent to properly negotiate with other agents (Marey, Bentahar, Asl, 
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Mbarki, & Dssouli, 2014). Furthermore, the arguments can be used to explain to decision-

makers the reasons why agents propose a certain solution (Amgoud & Prade, 2006). The 

most striking approaches were proposed about 2 decades ago (Dung, 1995; Kraus, Sycara, 

& Evenchik, 1998; Sierra, Jennings, Noriega, & Parsons, 1997). Since then, we have seen 

different (extensions) approaches to formulate argumentation frameworks, such as: 

abstract argumentation (Bondarenko, Dung, Kowalski, & Toni, 1997; Prakken, 2010), 

logic-based argumentation (Amgoud, 2014; Besnard & Hunter, 2001), value-based 

argumentation (T. Bench-Capon, 2002; D'Avila Garcez, Gabbay, & Lamb, 2005), 

assumption-based argumentation (Dung, Kowalski, & Toni, 2009; Fan, Craven, Singer, 

Toni, & Williams, 2013), among others (Amgoud & Vesic, 2011). However, these 

approaches deal with argumentation as a somewhat one-sided-process “in which a single 

party merely presents a reasoned justification” (T. J. Bench-Capon & Dunne, 2007). In the 

context of group decision-support the paradigm is different, the argumentation is “an 

informed exchange of ideas and positions involving several contributors: in other words, 

argumentation concerning an issue”, which typically, arises as a dialogical process (T. J. 

Bench-Capon & Dunne, 2007). Some strategies have been proposed to deal with dialogical 

processes (Johnson, McBurney, & Parsons, 2005; McBurney & Parsons, 2001; Parsons, 

McBurney, Sklar, & Wooldridge, 2007), most of which are oriented to be used in multi-

agent systems and to formalize some typical aspects, such as: locutions, utterances, rules 

for dialogue continuation and termination. However, when we search for argumentation-

based dialogue models specifically adapted to GDSS, the results are practically inexistent. 

The few existing results are outdated (Karacapilidis & Papadias, 1996, 2001) and even if 

some seemed promising in the way they could be adapted to this area (Kraus et al., 1998; 

Sierra et al., 1997), the works that came next followed (most of the times) another path 

(despite some of them remain within decision support). 

When developing a Web-based GDSS it is necessary to be aware of the benefits 

inherent to group decision-making. A typical face-to-face meeting allows the decision-

makers’ interaction, exchange of ideas, work on new knowledge and intelligence 

generation (Dennis, 1996; Hill, 1982; Huber, 1984). As we had seen, (in an ideal scenario) 

we can achieve some of these benefits using automatic negotiation models (for instance: 

argumentation-based dialogue models). However, there is so much more besides the 

“messages” exchanged by decision-makers, it is necessary to work in the representation of 

those decision-makers. The representation can range from criteria’s evaluation (for 

instance in a multi-criteria problem (Carneiro, Martinho, Marreiros, & Novais, 2015)) to a 

complete representation of the individual (for instance: personality, emotions and mood 

(Gmytrasiewicz & Lisetti, 2002; Raja & Srivatsa, 2006; Santos, Marreiros, Ramos, Neves, 

& Bulas-Cruz, 2009). The face-to-face meetings benefit from the decision-makers’ 

heterogeneity (Hambrick, Cho, & Chen, 1996). This heterogeneity is related to the 

decision-makers’ temperament but also with the decision-makers’ intentions. Let us 

consider a scenario where a group of friends intends to choose a restaurant to celebrate the 

anniversary of one of them. Obviously, as in any other multi-criteria problem, each person 

would have his own preferences concerning each of the possible alternatives. However, 
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how important would be the consideration of each element’s intentions? Is it possible that 

some just want to please the birthday person? If so, should not they be more willing to 

accept that person preferences? What would happen if they used a Web-based GDSS which 

only considered the preferences of participants (towards alternatives and criteria) and 

ignored their intentions? Would the group satisfaction resulting from the decision made be 

the expected? In order to answer these questions, it is necessary to allow decision-makers 

to configure not only their preferences (on alternatives and criteria), but also their 

intentions and other aspects that may be relevant, so that their position can be expressed 

with the best possible representation. 

To model agents with human-like aspects is not new. At the start of the new 

millennium, some projects dealing with agents’ humanization began to appear (André, 

Klesen, Gebhard, Allen, & Rist, 2000). Nowadays, there are many proposals that intend to 

model human characteristics in agents, such as: personality (Dimuro, da Rocha Costa, 

Gonçalves, & Hübner, 2007; Padgham & Taylor, 1997), emotions (Ball & Breese, 2000; 

Gmytrasiewicz & Lisetti, 2002), cognitive styles (Frank, Bittner, & Raubal, 2001), among 

others (Ghavami & Taleai, 2017; Ghavami, Taleai, & Arentze, 2016, 2017). There are also 

some proposals under the topic of GDSS (Ivan Palomares, Martinez, & Herrera, 2014; Iván 

Palomares, Rodríguez, & Martínez, 2013; Recio-García, Quijano, & Díaz-Agudo, 2013; 

Santos et al., 2009). All of them share the idea that including cognitive/affective aspects 

will benefit in some way the decision-making process. However, to the best of our 

knowledge, most of them are envisaged for use in simulated environments. The usage of 

such techniques in real systems can bring some disadvantages. “A real me” can be a bad 

approach if my persona is less persuasive/intelligent/capable than others. No one will be 

interested in using an application that depreciates you. Moreover, the inclusion of aspects 

such as personality, does not permit to reflect other aspects such as intentions and 

objectives. For each decision-maker the objectives and intentions can vary even for the 

same problem. Returning to the previous example (to select a restaurant to celebrate the 

birthday of one of the group members), we could use the decision-makers’ personality to 

define the interactions between agents and how each agent could behave, however this 

approach is not enough to identify the intentions of each one of the decision-makers. 

In this article, we propose an argumentation-based dialogue model to support decision-

makers in the group decision-making process. In our proposal, each agent can assume a 

style of behavior to represent the intentions of the decision-maker. The behavior is 

responsible for defining how agents use the argumentation model and how they evaluate 

the received requests. Due to the specific needs inherent to the group decision-making 

process, our proposal allows agents to be: competitive between them, i.e., allow agents to 

be capable of pursuing the decision-makers’ preferences; and collaborative, i.e., allow 

agents to work together in order to achieve the best outcomes for the group. We intend to 

prove that including styles of behavior is a major asset in this type of context. In addition, 

we study if by including styles of behavior, the amount of intelligence generated does not 

decrease (in fact, our goal is to generate more and better intelligence). We also do not want 

to achieve a fake increase of the consensus level by including styles of behavior. It is 
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important to know if agents do not neglect their preferences while trying to defend the 

intentions of the decision-maker. We believe that a correct representation of the decision-

makers’ intentions improves the ability to achieve consensus and at the same time improves 

the decision quality. However, in our proposal, the achievement of consensus is not forced, 

the process flows naturally and there is an understanding that sometimes there are no 

conditions for consensus. We are in front of a process with almost no interaction between 

decision-makers, which means they need an iterative process to reason about the problem, 

to understand other points of view and to reconfigure their preferences. These points are 

respected in our proposal. Finally, our proposal allows to work with multiple agents and 

benefits from some of the main advantages of group decision-making process through the 

agents’ capacity to represent the decision-makers’ preferences and intentions. 

The rest of the paper is organized in the following order: in the next section, we 

contextualize the reader through the presentation of our previous approach to deal with 

styles of behavior in decision-making. Our proposal is presented in Section 3. In Section 

4, we deal with the evaluation and results and in Section 5 the discussion is presented. In 

Section 6, we present the related work and finally, some conclusions are taken in Section 

7, along with the work to be done hereafter. 

2.   Styles of Behavior for Decision-Making 

There are a considerable number of proposals in the literature of computer science related 

to the agents’ humanization. For that, most of them have been using models such as: Five 

Factor Model (Howard & Howard, 1995), OCC (Ortony, Clore, & Collins, 1990) and PAD 

(Mehrabian, 1996). To develop more intelligent applications, we have seen an increasing 

of multi-disciplinary works. There are some models in the literature of psychology that 

define roles/behaviors/designations to individuals. These approaches can be used, adapted 

or included in simulators or real systems. 

In this section, we describe a model previously proposed by us ([SELF-CITATION]) that 

intends to allow agents to represent the decision-makers’ intentions. The theoretically 

understanding of this model is essential to a better comprehension of the work proposed in 

this paper. We consider the decision-makers’ intentions as what they: intend (a purpose), 

plan, desire and/or aspire. Previously, we demonstrated (in the introduction section) that 

intentions can vary for a same problem in different situations/contexts. To reach the 

decision-maker’s intentions the agent should behave accordingly. We adopted the conflict 

styles proposed by Rahim and Magner (1995), and redefined them to be more adequate to 

the context of group decision-making. We called them styles of behavior and defined them 

as follows: 

• Dominating: A dominating individual believes that he owns the key to solve the 

problem. He plays a very active role during the decision-making process and 

tries to force his opinions on other participants; 

• Integrating: An integrating individual favors a collaborative style. He aims to 

achieve consensual decisions and greatly values his and others’ opinions. He 

prefers to manage assiduously the entire decision-making process; 
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• Compromising: A compromising individual favors a collaborative style. He 

aims to achieve consensual decisions and values his and others’ opinions. He 

plays a moderately active role during the decision-making process; 

• Obliging: An obliging individual tends to give up on his opinions in favor of the 

group interests. He prefers to follow others’ opinions rather than sharing his 

owns; 

• Avoiding: An avoiding individual prefers to be freed from responsibility. 

Fundamentally, he prefers to not be involved in the decision-making process and 

devalues both the process and the opinions of other participants. 

Using a correlation between the work proposed by Rahim and Magner (1995) and the facets 

identified by Costa and MacCrae (1992) we proposed 4 dimensions suitable to the context 

of group decision-making: activity level, resistance to change, concern for self and concern 

for others. These dimensions represent: 

• Activity level: High activity levels reflect leadership and vigorousness. Low 

activity levels reflect leisurely and low need for thrills; 

• Resistance to change: High resistance to change reflect humble, eager to help 

and easily moved. Low resistance to change reflect aggressive, superior and 

skeptical; 

• Concern for self: High or low interests to satisfy his or her concerns; 

• Concern for others: High or low interests to satisfy the concerns of others. 

The information available in the literature only allows to define each style of behavior 

in these dimensions using classifications as low, mid and high. However, to computerize 

this model and to make agents represent the intentions as well as possible, we needed to 

transform this classifications into numerical values. Moreover, let us suppose that an 

existent model considers a Dominating behavior as having a low concern for others. How 

can we know if whenever a decision-maker selects the dominating behavior style to model 

his agent, he is expecting this “low concern for others”? To deal with these issues, we ran 

a survey to understand if it was possible to find homogeneous answers to define each style 

of behavior in each dimension (numerically). The objective was to verify if the behavior 

styles are perceived in the same way and if that can be expressed numerically. The study 

involved 64 participants, 39 men and 25 women, aged between 19 and 68 years old 

(M=33,56; SD=10,84) all of which either had higher education degrees or were 

undergraduate students (10%). In respect to their fields of expertise, respondents were 

professionals from a wide variety of backgrounds, ranging from technology to social 

sciences. Basically, we asked them to classify the five proposed behavior styles in four 

dimensions: Concern for self; Concern for others; Resistance to change; and Activity level 

in a questionnaire ranging from 0-10 (by means of a visual analogic scale). All respondents 

were asked to fill out the questionnaire in the researcher’s presence to ensure engagement 

in the task and/or to provide assistance in the clarification of concepts or modes of signaling 

the answers. We used the Intraclass Correlation Coefficient to study the agreement level. 
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For all dimensions results were above ,900, more precisely between ,915 and ,941, with 

highly significant results (p<,001). 

The values obtained in this study helped us to define the actuation levels for each style of 

behavior in each dimension as can be consulted in Table 1 (the values were normalized to 

the [0,1] range). This behavior style model plays an important role in the work proposed in 

this paper. 

Table 1. Behaviour style measures for each dimension 

Behavior Style 
Activity Level 

( ) 

Resistance to Change 

( ) 

Concern for Self 

( ) 

Concern for Others 

( ) 

Dominating 0,94 0,92 0,95 0,17 

Integrating 0,90 0,54 0,78 0,85 

Compromising 0,58 0,42 0,55 0,62 

Obliging 0,23 0,12 0,20 0,87 

Avoiding 0,05 0,10 0,11 0,09 

 

An interest finding of this work was that none of the proposed styles of behavior is 

always more advantageous over others regardless of context. This is an incentive for 

decision-makers to choose the style of behavior that better fits to their intentions. 

3.   Methods 

In this paper, we consider the following structure of a decision problem: there are a set of 

possible alternatives 𝐴, a set of criteria 𝐶, and a set of agents 𝐴𝑔, such that each alternative 

𝑎 ∈ 𝐴 has a value for all the defined criteria 𝐶. The decision problem has a defined 

communication language ℒ𝑐 which allows agents 𝐴𝑔 to communicate. To operate with the 

defined ℒ𝑐, there is a set of algorithms ℒ𝑎, which specify for each illocution 𝜑 ∈ ℒ𝑐 its 

effect. The relations between alternatives, criteria, agents, communication language and 

algorithms jointly form a decision system, represented as follows: 

Definition 1: A decision system (𝐶, 𝐴, 𝐴𝑔, ℒ𝑐, ℒ𝑎), is a 5-tuple where: 

• a set of criteria 𝐶 = {𝑐1, 𝑐2, … , 𝑐𝑛}, 𝑛 > 0; 

• a set of alternatives 𝐴 = {𝑎1, 𝑎2, … , 𝑎𝑚}, 𝑚 > 0; 

• a set of agents 𝐴𝑔 = {𝑎𝑔1, 𝑎𝑔2, … , 𝑎𝑔𝑘}, 𝑘 > 0; 

• a communication language ℒ𝑐, consisting of a set of all illocutions; 

• a set of algorithms working as regulation ℒ𝑎 for ℒ𝑐, specifying for each locution 

𝜑 ∈ ℒ𝑐 its effects. 

An agent is a virtual representation of a decision-maker and is defined as follows: 

Definition 2: An agent 𝑎𝑔𝑖 = {𝑖𝑑𝑎𝑔𝑖
, 𝛽𝑎𝑔𝑖

, 𝑃𝑟𝑎𝑔𝑖
, 𝐶𝑎𝑔𝑖

, 𝐴𝑎𝑔𝑖
, 𝑂𝑎𝑔𝑖

, 𝐾𝑎𝑔𝑖
} is a 7-tuple where: 

• ∀ 𝑎𝑔𝑖 ∈ 𝐴𝑔, 𝑖 ∈ {1, 2, … , 𝑛}; 

• 𝑖𝑑𝑎𝑔𝑖
 is agent’s identification; 

• 𝛽𝑎𝑔𝑖
 is the agent’s behavior style (Dominating, Compromising, Obliging, 

Integrating, Avoiding and No Style); 
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• 𝑃𝑟𝑎𝑔𝑖
 is the agent’s protocol for ℒ𝑐, specifying the ‘legal’ moves at each instant 𝑡. 

A protocol on ℒ𝑐 is a set of illocutions available to 𝑎𝑔𝑖, where 𝑃𝑟𝑎𝑔𝑖
⊆ ℒ𝑐; 

• 𝐶𝑎𝑔𝑖
 is the agent’s evaluation of each criterion, 𝐶𝑎𝑔𝑖

=

{𝐸𝑣𝑐1
, 𝐸𝑣𝑐2

, … , 𝐸𝑣𝑐𝑛
}, 𝐸𝑣𝑐𝑗

∈ {[0,1], ⊥}; 

• 𝐴𝑎𝑔𝑖
 is the agent’s evaluation of each alternative, 𝐴𝑎𝑔𝑖

=

{𝐸𝑣𝑎1
, 𝐸𝑣𝑎2

, … , 𝐸𝑣𝑎𝑛
}, 𝐸𝑣𝑎𝑛

∈ {[0,1], ⊥}; 

• 𝑂𝑎𝑔𝑖
 is the set of agent’s objectives, 𝑂𝑎𝑔𝑖

⊆ 𝐴 ∪ 𝐶, 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 ≥

𝑜𝑛 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑂𝑎𝑔𝑖
; 

• 𝐾𝑎𝑔𝑖
 is the agent’s knowledge, where he can access the list of all sent and received 

messages, as well as the preferences of other agents, according to the knowledge 

he possess in a certain time instant of 𝑡. 

The agent’s objectives (𝑂𝑎𝑔𝑖
) are sorted in a list using the following formula: 

 𝐴𝑅𝑒𝑠𝑢𝑙𝑡𝑜𝑖
=

𝑜𝑖∗𝐶𝑆+(
𝑁𝑆

𝑁𝐷
)∗𝐶𝑂

𝐶𝑆+𝐶𝑂
 (1) 

Where: 

• 𝑜𝑖  is the assessment done to the objective 𝑖 for which the result is being measured; 

• 𝐶𝑆 is the value of Concern for Self; 

• 𝑁𝑆 is the current number of agents supporting 𝑜𝑖; 

• 𝑁𝐷 is the total number of participating agents; 

• 𝐶𝑂 is the value of Concern for Others. 

Agent’s objectives change throughout the decision-making process. This formula relates 

the concern for self of the behavior style defined by the decision-maker with the evaluation 

done for each alternative (𝑜𝑖 ∗ 𝐶𝑆). This way, the agent can measure the “analytical” 

interests of the decision-maker. Besides this, the formula relates the number of supporters 

for each alternative with the concern for others of the defined behavior style which will 

allow the agent to measure the social interests of the decision-maker ((
𝑁𝑆

𝑁𝐷
) ∗ 𝐶𝑂). 

Definition 3: A behavior 𝛽𝑖 = {𝑅𝑐𝛽𝑖
, 𝐴𝑙𝛽𝑖

, 𝐶𝑠𝛽𝑖
, 𝐶𝑜𝛽𝑖

} is a 4-tuple where: 

• 𝑅𝑐𝛽𝑖
 is the agent’s resistance to change dimension value; 

• 𝐴𝑙𝛽𝑖
 is agent’s activity level dimension value; 

• 𝐶𝑠𝛽𝑖
 is the agent’s concern for self dimension value; 

• 𝐶𝑜𝛽𝑖
 is the agent’s concern for others dimension value. 

A behavior style is represented by the values on each dimension, e.g., Dominating (0.92, 

0.94, 0.95, 0.17). In this work, we used the value of each dimension to define the 

probability for an agent performs an action: 

• Activity level: probability for an agent to start a dialogue; 

• Resistance to change: is used to define the acceptance range when an agent 

receives a request; 
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• Concern for self: is used to order objectives and when the agent decides to 

perform a “prefer” or a “question” illocution; 

• Concern for others: is used in the evaluation of requests with the argument 

appealing to common practices, to order objectives and when the agent decides to 

perform a “prefer” or a “question” illocution. 

Agents communicate by exchanging messages. Figure 1 represents the internal message 

flow of an agent. Messages exchanged by agents are defined as illocutions. Among other 

things, an illocution is composed by an utterance and may include (or not) an argument. 

The agent begins by checking the type of illocution that it receives in the message. In the 

case of a request, it is evaluated and, based on the evaluation, a response is generated 

indicating whether the request was accepted or rejected. Based on these request-reception 

and response-formulation events, the agent updates its “Self Preferences Knowledge Base” 

and finally, sends the response in the format of a message. In case the type of illocution the 

agent received in the message is of the type Statement or Question, the agent begins by 

updating its “Opponents’ Preferences Knowledge Base” according to that new received 

knowledge. The agent then performs two actions. The first one, that always and necessarily 

happens, is to generate a message to respond to the received message, the second one is to 

verify if, according to that new received knowledge, the conditions are fulfilled to make a 

request. To do this, the agent checks for available arguments as well as opponents to receive 

those arguments. If so, the illocution is generated and the message is sent. 

An illocution is represented as follows: 

Definition 4: An illocution 𝜓𝑖 = {𝑡𝑟𝜓𝑖
, 𝜑𝜓𝑖

, 𝛼𝜓𝑖
, 𝑉𝑟𝜓𝑖

, 𝑒𝑛𝑠𝜓𝑖
, 𝐸𝑛𝑟𝜓𝑖

} is a 6-tuple where: 

• 𝑖 ∈ {1, 2, … , 𝑛}; 

• 𝑡𝑟𝜓𝑖
 is the target associated with the illocution (can be null or be another 

illocution); 

• 𝜑𝜓𝑖
 is the utterance sent in the message; 

• 𝛼𝜓𝑖
 is the justification associated to the illocution (can be an argument or can be 

null); 

• 𝑉𝑟𝜓𝑖
 is the set of variables associated to the illocution (Alternative or Criterion); 

• 𝑒𝑛𝑠𝜓𝑖
 is the agent/user who sent the message; 

• 𝐸𝑛𝑟𝜓𝑖
 is the set of agents/users who will receive the message (can be 1 or several). 
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Figure 1. Agents’ Communication Workflow 

We defined a set of possible illocutions (presented in Table 2). These illocutions represent 

what agents can dialogue about using a typical multi-criteria problem configuration (for 

instance, using the template proposed in (Carneiro, Martinho, et al., 2015)). We considered 

8 different illocutions (prefer, question, agree, disagree, no-knowledge, request, accept and 

reject). The “prefer” type of illocutions is more used by agents with a higher value of 

concern for self than the value of concern for others. We assume that agents with a higher 

concern for self, try to “impose” their preferences to other agents. The “questions” type of 

illocutions is more used by agents with a higher value of concern for others than the value 

of concern for self. We assume that agents with a higher concern for others are more 

concerned about other agents’ opinions. 

There is an impact associated to start a dialogue with either a “question” or a “prefer” 

illocution. For example, when an agent says: “My preferred alternative is 𝑎𝑖”, other agents 

can answer using 4 possible illocutions: agree, disagree, question and no-knowledge. This 

means that at a certain moment in the process those agents will know who is supporting 𝑎𝑖 

and will not have any knowledge regarding other alternatives. This information has impact 

in the order of objectives of each agent, in the selection of arguments to use in requests and 

in the evaluation of requests. 

Table 2. Considered Illocutions 

Illocution 
Interpersonal 

Conflict 
Utterance Variables 

prefer 
CS “For me the most important criterion/a is/are 

1, 2, …, n” 
Criterion 1/2/…/n 

prefer 
CS “For me the less important criterion/a is/are 1, 

2, …, n” 
Criterion 1/2/…/n 

prefer 
CS 

“My preferred alternative/s is/are 1, 2, …, n” 
Alternative 

1/2/…/n 
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prefer 
CS “My least preferred alternative/s is/are 1, 2, 

…, n” 

Alternative 

1/2/…/n 

question 
CO “Which criterion/a do you consider most 

important?” 
- 

question 
CO “Which criterion/a do you consider less 

important?” 
- 

question CO “Which alternative/s do you prefer?” - 

question 
CO “Which alternative/s do you prefer to 

discard?” 
- 

agree - “I agree.” - 

disagree - “I disagree.” - 

no-

knowledge 

- 
“I do not have that information.” - 

request 
- "Do you accept the alternative x as the 

solution?" 
Alternative x 

request - “Can you discard alternative x?” Alternative x 

accept 
- 

“I accept.” 
Alternative 

1/2/…/n 

reject 
- 

“I do not accept.” 
Alternative 

1/2/…/n 

 

The Figure 2 is the sequence diagram that represents the proposed negotiation protocol. 

This diagram is a representation of our technical implementation and was used in the 

prototype that was developed to run the simulations presented in Section 2. We created a 

Facilitator Agent (AgF) to manage the meeting. We have defined 2 termination rules: when 

the agents have no more illocutions to exchange and when consensus is reached. When an 

agent wants to start a dialogue (using a “prefer” or a “question”) he generates a 

participation time based in his style of behavior. Obviously, the dominating and integrating 

agents have a higher probability to start a dialogue because they have a higher value for 

the activity level. The AgF will select the agent with the higher participation time and 

allows him to speak. All other agents are informed by AgF that they do not have the right 

to speak. The messages exchanged between AgP(i) and AgP(x) represent just an example 

of a dialogue between participating agents. The purpose of this representation is to 

demonstrate what is happening when an agent adds a new preference. Every time an agent 

adds a new preference he sends a message to AgF informing. The flow represented between 

AgF and AgP(i) is the same that occurs between AgF and all other participating agents. 
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Figure 2. Agents’ Interaction Workflow 

The dialogue moves 

With this background, we can present the set of dialogue moves that we use. For each 

move, we define what we call rationality rules, dialogue rules, and action rules. These are 

based on the rules suggested by Maudet and Evrard (1998). The rationality rules specify 

the preconditions for playing the move. The action rules specify the move’s implications. 

The dialogue rules specify the moves other agents can make next, and so specify the 

protocol under which the dialogue takes place. 

We start with the dialogical move “prefer”: 
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𝑝𝑟𝑒𝑓𝑒𝑟(𝜓𝑥 ⋁ 𝑛𝑢𝑙𝑙, 𝜑𝜓𝑖
, 𝛼𝜓𝑖

, 𝑉𝑟𝜓𝑖
, 𝑎𝑔𝜓𝑖

, 𝐸𝑛𝑟𝜓𝑖
) is an illocution 𝜓𝑖  in ℒ𝑐. 

rationality the agent 𝑎𝑔𝜓𝑖
 intends to declare his opinions about an alternative/s or a 

criterion/a. He also intends to know if other agents agree/disagree with him and to create a 

group supporting his preferences. 

dialogue ∀𝑎𝑔𝑗 ∈ 𝐸𝑛𝑟𝜓𝑖
 can: 

agree(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

), 

disagree(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

), 

request(𝑛𝑢𝑙𝑙, 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑎𝑘 , 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘
), 

no-knowledge(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

). 

action 𝑟𝑒𝑡𝑟𝑎𝑐𝑡(𝜓𝑖 ∈ 𝑃𝑟𝑎𝑔𝜓𝑖
), 𝑟𝑒𝑡𝑟𝑎𝑐𝑡(𝜓𝑖 ∈ 𝑃𝑟𝑎𝑔𝑗

). All the agents that have 𝜓𝑖  in 

their 𝑃𝑟 will retract the illocution because we are dealing with a dialogue between multiple 

agents. An agent that shares the same preferences will answer with an “agree” so it does 

not make sense if that agent can use the same illocution again. 

𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛(𝑛𝑢𝑙𝑙, 𝜑𝜓𝑖
, 𝛼𝜓𝑖

, 𝑉𝑟𝜓𝑖
, 𝑎𝑔𝜓𝑖

, 𝐸𝑛𝑟𝜓𝑖
) is an illocution 𝜓𝑖  in ℒ𝑐. 

rationality the agent 𝑎𝑔𝜓𝑖
 intends to perform a question when he wants to know about 

other agents’ preferences. 

dialogue ∀𝑎𝑔𝑗 ∈ 𝐸𝑛𝑟𝜓𝑖
 can: 

prefer(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

), 

no-knowledge(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

). 

action 𝑟𝑒𝑡𝑟𝑎𝑐𝑡(𝜓𝑖 ∈ 𝑃𝑟𝑎𝑔𝜓𝑖
), 𝑟𝑒𝑡𝑟𝑎𝑐𝑡(𝜓𝑖 ∈ 𝑃𝑟𝑎𝑔𝑗

). As we described in the “prefer” 

illocution, also here the agents will perform the same actions for the same reasons. Agents 

select whether to send a prefer or question illocutions based on their concern for self and 

concern for others. An agent has a higher probability to send a prefer illocution if his 

concern for self is higher than his concern for others. On the other hand, an agent has a 

higher probability to send a question illocution if his concern for others is higher than his 

concern for self. In case of agents without a defined behavior style, the illocution is selected 

randomly (50/50). 

𝑟𝑒𝑞𝑢𝑒𝑠𝑡(𝑛𝑢𝑙𝑙, 𝜑𝜓𝑖
, 𝛼𝜓𝑖

, 𝑎𝑗 , 𝑎𝑔𝜓𝑖
, 𝐸𝑛𝑟𝜓𝑖

) where 𝑎𝑗 is an alternative being requested in 𝜓𝑖  

which is an illocution in ℒ𝑐. 

rationality the agent 𝑎𝑔𝜓𝑖
 performs a request when he believes there is a reason for 

the other agent to accept it. 

dialogue ∀𝑎𝑔𝑗 ∈ 𝐸𝑛𝑟𝜓𝑖
 can: 

accept(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝑎𝑔𝜓𝑖

), 

reject(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝑎𝑔𝜓𝑖

). 

action 𝑟𝑒𝑡𝑟𝑎𝑐𝑡 (𝜓𝑖 ∈ 𝑃𝑟𝑎𝑔𝜓𝑖
) 

agree(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑉𝑟𝜓𝑘
, 𝑎𝑔𝑗 , 𝐸𝑛𝑟𝜓𝑘

) 

rationality the agent 𝑎𝑔𝑗 informs about his agreement. 

dialogue There is no dialogical sequence. 
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action ∀𝑎𝑔𝑙 ∈ 𝐸𝑛𝑟𝜓𝑘
 𝑎𝑠𝑠𝑒𝑟𝑡𝑠 𝑉𝑟𝜓𝑘

 𝑖𝑛 𝑂𝑎𝑔𝑗 𝐾𝑎𝑔𝑙

. When an agent 𝑎𝑔𝑗 states his 

agreement about a 𝜓𝑖 , other agents assert this information. 

accept(𝜓𝑖 , 𝜑𝜓𝑘
, 𝛼𝜓𝑘

, 𝑎𝑖 , 𝑎𝑔𝑗 , 𝑎𝑔𝑙) 

rationality the agent 𝑎𝑔𝑗 informs about his acceptance. 

dialogue There is no dialogical sequence. 

action 

𝑎𝑔𝑙  𝑎𝑠𝑠𝑒𝑟𝑡𝑠 𝑎𝑖  𝑖𝑛 𝑂𝑎𝑔𝑗 𝐾𝑎𝑔𝑙

 𝑎𝑛𝑑 𝑎𝑔𝑗  𝑎𝑠𝑠𝑒𝑟𝑡𝑠 𝑎𝑖  𝑖𝑛 𝑂𝑎𝑔𝑗
 𝑎𝑛𝑑 𝑎𝑔𝑗  𝑎𝑠𝑠𝑒𝑟𝑡𝑠 𝜓𝑚 𝑖𝑛 𝑃𝑟𝑎𝑔𝑗

 

where 𝜓𝑙  is an illocution indicating the preference regarding alternative 𝑎𝑖. The disagree, 

reject and no-knowledge illocution are not specified because they do not have any kind of 

consequences. 

Requests 

Throughout the dialogue agents exchange requests that can be followed by an argument 

(or not). To send a request an agent must decide what kind of request should be made. This 

depends on the knowledge acquired during the dialogue and that is associated with the 

preferences of other agents. The arguments that can be used in each request are of three 

types: appeal to self-interest, appeal to prevailing practice and appeal to common sense. 

The first two types were chosen based on literature and have been first proposed by Kraus 

et al. (1998) and have been adapted to later works in the area of argumentation. The third 

type is introduced in this paper and in the literature for the first time and is essential to 

make the negotiation process closer to what can be observed in real scenarios. It is common 

to find in the literature argumentation models that use argument types such as rewards or 

threats, however in our proposal we did not consider these types mainly because they 

cannot be used to discuss the problem’s specific information. In fact, the information 

exchanged using these types of arguments may not be related to the problem at all. For 

example, an agent 𝑎𝑔1 threatening another agent 𝑎𝑔2 who does not want to go to restaurant 

𝑎1 by saying he will not be invited to future meetings does not bring more intelligence to 

the decision-making process, despite being useful to unlock conflict situations. Our 

approach focuses entirely on a logic to achieve the best possible level of consensus while 

always maintaining the same level of concern towards the amount of intelligence that can 

be generated. The idea is to support decision-makers using valuable knowledge instead of 

supporting fake consensual decisions every time this knowledge could be concealed. 

Below we move on to a more detailed description of each one of the argument types that 

have been considered. 

Appeal to self-interest. This argument is used whenever an agent intends to convince 

another agent to accept a request claiming to be of his interest to accept it. This happens 

whenever an agent prefers a certain criterion and prefers an alternative which does not have 

the best values for the preferred criterion. 
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Example 1.1: Let us consider a car purchase example with two criteria 𝑐1 = 𝑃𝑟𝑖𝑐𝑒, 𝑐2 =

𝐷𝑢𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦, two alternatives 𝑎1 = (10000€, 8 𝑦𝑒𝑎𝑟𝑠), 𝑎2 = (15000€, 10 𝑦𝑒𝑎𝑟𝑠) and 

two agents 𝑎𝑔1 with 𝑂𝑎𝑔1
= {𝑎2, 𝑐1} and 𝑎𝑔1 with 𝑂𝑎𝑔1

= {𝑎1, 𝑐1}. 

Looking at 𝑎𝑔1 we know that his current objective is to choose the second alternative as 

the solution to the problem. However, since 𝑎𝑔1 prefers criterion 𝑐1 then agent 𝑎𝑔2 is in 

condition to send a request message 𝜓1 appealing to self-interest of 𝑎𝑔1, where 𝛼𝜓1
 = 

“Accept 𝑎1 because 𝑎1 is cheaper than 𝑎2.”. 

Appeal to prevailing practice. This argument is used whenever an agent intends to 

convince another agent to accept a request by referring to most participants which have 

already accepted the requested alternative. 

Example 1.2: Let us consider the same car purchase example and this time there are 5 

agents with the following objectives in time instant 𝑡: 𝑎𝑔1 and 𝑂𝑎𝑔1
= {𝑎2}; 𝑎𝑔2 and 

𝑂𝑎𝑔2
= {𝑎2}; 𝑎𝑔3 and 𝑂𝑎𝑔3

= {𝑎2}; 𝑎𝑔4 and 𝑂𝑎𝑔4
= {𝑎1}; and 𝑎𝑔5 and 𝑂𝑎𝑔5

= {𝑎1}. Both 

𝑎𝑔1, 𝑎𝑔2, 𝑎𝑔3 prefer alternative 𝑎1 and which means the total number of agents in favour 

of 𝑎1 in time instant 𝑡 corresponds to more than half of the total number of participants. 

Therefore, either 𝑎𝑔1, 𝑎𝑔2 or 𝑎𝑔3 could send a request message 𝜓1 to 𝑎𝑔4 or 𝑎𝑔5 appealing 

to prevailing practice, where 𝛼𝜓1
 = “Accept 𝑎2 because it has been accepted by more than 

half of the total number of participants.”. 

Appeal to common sense. This argument can be used to convince an agent if he is the 

only one preferring a certain alternative while not accepting any other available 

alternatives. This can be seen in real situations whenever a participant is stuck with only 

one choice and refuses to accept different opinions thus becoming an obstacle to improve 

the flow of the discussion. At first glance, this argument might seem to be a type of appeal 

to prevailing practice, however if we look closer, we will see that both kind of arguments 

are completely different. An appeal to prevailing practice is an argument that involves an 

action performed by other agents. On the other hand, the appeal to common sense, involves 

an individual action which the agent who receives it did not perform yet. 

Example 1.3: Let us consider the same car purchase example and this time there are 5 

agents with the following objectives in time instant 𝑡: 𝑎𝑔1 and 𝑂𝑎𝑔1
= {𝑎2}; 𝑎𝑔2 and 

𝑂𝑎𝑔2
= {𝑎2}; 𝑎𝑔3 and 𝑂𝑎𝑔3

= {𝑎2}; 𝑎𝑔4 and 𝑂𝑎𝑔4
= {𝑎2}; and 𝑎𝑔5 and 𝑂𝑎𝑔5

= {𝑎1}. Only 

agent 𝑎𝑔5 still has not accepted 𝑎2 so all other agents 𝑎𝑔1, 𝑎𝑔2, 𝑎𝑔3, 𝑎𝑔4 could send a 

request message 𝜓1 to 𝑎𝑔5 appealing to common sense, where 𝛼𝜓1
 = “You are the only 

one who has still not accepted 𝑎2.”. 

Selection 

Each request may include one of each type of arguments presented above and an agent may 

also send requests without arguments. Every time an agent exchanges new information, 

each other agent will process that information and verify if he can send a request or not. 

This request is not always targeted at the agent who shared the information. In fact, there 
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may be situations where an agent may be able to send a request to someone else depending 

on the newly received information. 

Example 1.4: Let us consider the same car purchase (considering 5 agents involved in the 

process) example and this time there is an agent 𝑎𝑔1 with 𝑂𝑎𝑔1
= {𝑎2}, and he receives the 

following messages 𝜓1 and 𝜓2, where 𝑒𝑛𝑠𝜓1
 = 𝑎𝑔2, 𝜑𝜓1

  = “I prefer 𝑎2.”, 𝑒𝑛𝑠𝜓2
 = 𝑎𝑔3, 

𝜑𝜓2
= “I prefer 𝑎2.”. This means 𝑎𝑔1 now knows 3 agents prefer 𝑎2 and he could send a 

request message appealing to prevailing practice to 𝑎𝑔4, even though 𝑎𝑔4 did not share 

any information. 

Many proposed systems in the literature have been developed considering that an agent 

will always start by selecting another agent to send the request and only then will verify 

what type of argument is more adequate. In our proposal, we have chosen a different 

strategy where the agent will start by selecting the argument which we consider having the 

most persuasion power (according to strength level of the type of that argument) and only 

then select the agent that will receive the request. The order of the arguments persuasion 

power is: appeal to common sense, appeal to self-interest, appeal to prevailing practice and 

finally simple request (request without an argument). This order is based in the definitions 

proposed by Kraus et al. (1998) and the agent will always try to send requests starting with 

the argument which we consider to be stronger until no arguments can be selected and he 

is only allowed to make requests without an argument. 

Restrictions 

Let us define a function that returns the number of agents which agent 𝑎𝑔𝑖 knows that 

prefer alternative 𝑎𝑗 in a time instant of 𝑡𝑘. 

𝐹𝑎𝑔𝑒𝑛𝑡𝑠𝑝𝑟𝑒𝑓𝑒𝑟𝑎𝑙𝑡 : 𝑎𝑔𝑖 , 𝑎𝑗 , 𝑡𝑘  → ∀𝑎𝑔 ∈ 𝐾𝑎𝑔𝑖
, 𝑂𝑎𝑔 ⊃ 𝑎𝑗 ∧ 𝑡𝐾𝑎𝑔𝑖

= 𝑡𝑘 

Now, let us assume that agent 𝑎𝑔1 sent a request message 𝜓1 to another agent 𝑎𝑔2 to accept 

alternative 𝑎1 in the time instant 𝑡1. Agent 𝑎𝑔1 cannot send another request message 𝜓2 in 

the time instant 𝑡2 if: 

𝐸𝑛𝑟𝜓1
= 𝐸𝑛𝑟𝜓2

= 𝑎𝑔2 ∧ 𝑉𝑟𝜓1
= 𝑉𝑟𝜓2

= 𝑎1 ∧  𝛼𝜓1

= 𝛼𝜓2
∧ |𝐹𝑎𝑔𝑒𝑛𝑡𝑠𝑝𝑟𝑒𝑓𝑒𝑟𝑎𝑙𝑡(𝑎𝑔1, 𝑎1 , 𝑡1)|

= |𝐹𝑎𝑔𝑒𝑛𝑡𝑠𝑝𝑟𝑒𝑓𝑒𝑟𝑎𝑙𝑡(𝑎𝑔1, 𝑎1 , 𝑡2)| 

In other words, an agent must not send more than one request to accept the same alternative, 

to the same agent, with the same argument if the number of agents in favour of that 

alternative is also the same for each request. This will stop agents from always sending the 

same request to the same agent which in turn will always refuse that request. On the other 

hand, this strategy allows agents reusing requests sent to the same agents under different 

conditions. 

Now, let us define a function that returns the number of agents which agent 𝑎𝑔𝑖 still does 

not know their preferences in a time instant of 𝑡𝑘: 
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𝐹𝑎𝑔𝑒𝑛𝑡𝑠𝑛𝑜𝑝𝑟𝑒𝑓 : 𝑎𝑔𝑖 , 𝑡𝑘  → ∀𝑎𝑔 ∈ 𝐾𝑎𝑔𝑖
,  |𝑂𝑎𝑔| = 0 ∧ 𝑡𝐾𝑎𝑔𝑖

= 𝑡𝑘 

An agent 𝑎𝑔1 cannot send a request message to 𝑎𝑔2  appealing to common sense at the 

time instant 𝑡1 if |𝐹𝑎𝑔𝑒𝑛𝑡𝑠𝑛𝑜𝑝𝑟𝑒𝑓(𝑎𝑔1, 𝑡1)| >  0. This means that agent 𝑎𝑔1 still does not 

know the preferences for each participant in that time instant. This is done to avoid 

situations where an agent would use this type of requests right at the beginning of the 

discussion without even knowing if more agents could also share the same preferences of 

the agent that would receive the request. 

Evaluation 

Our agents evaluate the requests with argument using subjective considerations (Rahwan 

et al., 2003). This means that our agents use “its own preferences and motivations in 

making that judgement”. 

An agent may accept or refuse a request depending on its resistance to change level. As 

mentioned before, resistance to change is one of the dimensions used to model agent’s style 

of behavior. With this, agents will make requests depending not only on their preferences 

but also on their style of behavior. In a very simple way we can say that the agent will: 

Accept the request if: 

 𝑅𝐴𝑃 ≥ 𝑃𝐴𝑃 − 𝐴𝐼 (2) 

Where: 

• 𝑅𝐴𝑃 is the Requested Alternative Preference; 

• 𝑃𝐴𝑃 is the Preferred Alternative Preference; 

• 𝐴𝐼 is the Acceptance Interval. 

Refuse the request if: 

 𝑅𝐴𝑃 < 𝑃𝐴𝑃 − 𝐴𝐼 (3) 

The acceptance interval will vary depending on the resistance to change of the agent, the 

argument type and any variable related to the argument. 

Request – Without an argument 

When evaluating a request without an argument this interval will be affected by the 

percentage of agents in favour of the requested alternative at the time it is received. The 

formula used to calculate the acceptance interval for requests without arguments (4) is: 

 AI𝑟𝑤𝑎 = (1 − resistance) ∗
NAFRA

TNA−1
 (4) 

Where: 

• 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 is value of the resistance to change (of a specific behavior style); 

• 𝑁𝐴𝐹𝑅𝐴 is the Number of Agents in Favour of Requested Alternative; 
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• 𝑇𝑁𝐴 is the Total Number of Agents. 

That means requests will always be evaluated according to the context. The AI𝑟𝑤𝑎 value 

for an alternative 𝑎𝑖 increases as that alternative is gaining more supporters. The agent can 

accept the request (formula 2) if the preference for the requested alternative is higher than 

the difference between his most preferred alternative and the AI𝑟𝑤𝑎 that is measured. For 

agents without a defined behavior we defined the value of resistance to change as 0.75. 

Request – Appealing to self-interest 

When evaluating requests with the argument appealing to self-interest the acceptance 

interval is affected by the preference (normalized) of the agent towards the criterion 

associated to the argument plus the value of AI𝑟𝑤𝑎. The formula used to calculate the 

acceptance interval for requests with the argument appealing to self-interest (5) is: 

 AI𝑟𝑠𝑖 = ((1 − resistance) − AI𝑟𝑤𝑎) ∗ CPN + AI𝑟𝑤𝑎 (5) 

Where: 

• 𝐶𝑃𝑁 is the Normalization of the Preferred Criterion. 

This allows the agent to widen its acceptance range according to the importance given to 

the criterion associated to the argument appealing to self-interest. 

In case the agent does not have a defined behavior, the evaluation of the request with an 

argument appealing to self-interest will be done using the following formula: 

 AIWB𝑟𝑠𝑖 = (
NAFRA

TNA
∗  CPN ) ∗ (1 −  RAP) + 𝑅𝐴𝑃 (6) 

Where: 

• 𝑁𝐴𝐹𝑅𝐴 is the Number of Agents in Favour of Requested Alternative; 

• 𝑇𝑁𝐴 is the Total Number of Agents; 

• 𝐶𝑃𝑁 is the Normalization of the Preferred Criterion; 

• 𝑅𝐴𝑃 is the Requested Alternative Preference. 

Request – Common practices 

When evaluating requests with the argument appealing to common practices the acceptance 

interval is affected by the level of concern for others which the agent has towards the 

alternative plus AI𝑟𝑤𝑎. The formula used to calculate the acceptance interval for requests 

with the argument appealing to common practices (6) is: 

 AI𝑟𝑐𝑝 = ((1 − resistance) − AI𝑟𝑤𝑎) ∗ CO + AI𝑟𝑤𝑎 (7) 

Where: 

• 𝐶𝑂 is the value of Concern for Others (of a specific behavior style). 
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In case the agent does not have a defined behavior, the evaluation of the request with an 

argument appealing to common practices will be done using the following formula: 

 AIWB𝑟𝑠𝑖 = (
NAFRA

TNA
 ) ∗ (1 −  RAP) + 𝑅𝐴𝑃 (8) 

Where: 

• 𝑁𝐴𝐹𝑅𝐴 is the Number of Agents in Favour of Requested Alternative; 

• 𝑇𝑁𝐴 is the Total Number of Agents; 

• 𝑅𝐴𝑃 is the Requested Alternative Preference. 

Request – Common Sense 

When evaluating requests with the argument appealing to common sense the acceptance 

interval will be the opposite of the resistance’s level of the agent. The formula used to 

calculate the acceptance interval for requests with the argument appealing to common 

sense (7) is: 

 AI𝑐𝑠 = (1 − resistance) (9) 

The appeal to common sense is used in very specific situations. The agent that receives this 

request is the only agent which is still against a consensual decision. Therefore, the 

maximum acceptance interval will be used for the agent to verify if the requested 

alternative can be accepted. 

In case the agent does not have a defined behavior, the evaluation of the request with an 

argument appealing to common sense will be done based on the difference between the 

number of agents in favour of requested alternative (NAFRA) and the the number of agents 

in favour of the preferred alternative (NAFPA). The agent will accept the alternative if: 

 𝑁𝐴𝐹𝑅𝐴 > 𝑁𝐴𝐹𝑃𝐴 (10) 

4.   Evaluation and Results 

In this section, we are going to describe all experiments that were conducted to evaluate 

the proposed work. We used a group of 12 agents with different styles of behavior for each 

experiment. We conducted an exhaustive number of simulations to achieve solid results. 

We first detail the experimental settings and describe the types of agents we benchmark 

our framework against as well as the metrics used in our tests. Considering this, we provide 

the results of our experiments and go on to analyze the results under different agents’ 

configurations. 

Experimental Settings 

In the considered scenario agents negotiate to choose a desktop monitor for an 

organization. That organization intends to buy 200 new desktop monitors to one of its 

subsidiaries. Each agent represents one member of the organization administration board. 

This means agents must be cooperative because they all intend to choose the best decision 
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for that organization and they also must be competitive because they aim to persuade other 

agents to accept what they believe that is the best decision (according to their 

configuration). 

Table 3 represents the multi-criteria problem. 5 possible alternatives have been identified. 

These alternatives have been classified according to 5 criteria: Size, Resolution, Hz, Ms 

and Price. Considering that we do not only evaluate criteria while trying to solve a multi-

criteria problem, a decision-maker may prefer a certain alternative for subjective or 

unknown reasons that are not specified in the problem configuration. 

Table 3. Multi-criteria problem 

Alternatives Size Resolution Hz Ms Price 

Asus 27" ROG SWIFT PG278Q 27 2560*1440 144 1 699,99€ 

BenQ 27" XL2720Z 27 1920*1080 144 1 489,00€ 

AOC 24" E2476VWM6 24 1920*1080 60 1 154,90€ 

BenQ 24" XL2430T 24 1920*1080 144 1 399,00€ 

LG 27" 27MP37VQ-B 27 1920*1080 60 5 210,80€ 

 

We used the satisfaction and consensus levels as metrics to evaluate the overall 

performance in different scenarios. Satisfaction metric is used to measure the perception 

of the quality (of the decision-maker represented by the agent) towards the chosen 

alternative or the alternative supported by most agents during a certain moment. For this, 

we used the definitions proposed in (Carneiro, Marreiros, & Novais, 2015) and the 

formulation used in (Carneiro, Santos, Marreiros, & Novais, 2017). The level of consensus 

is measured according to the alternative that is supported by most agents in the time instant 

𝑡, iteration 𝑖 or round 𝑟. It is neither mandatory or negative that agents cannot achieve a 

consensual decision by the end of the round. In fact, agents act according to an objective 

configuration logic and through a “social interaction” that portrays the interests of decision-

makers. This means that if an agent does not accept a certain alternative then the decision-

maker may still not be ready to accept it as well (although he may accept it in the future). 

That decision-maker should first assimilate and think about the new information and 

eventually understand the situation and agree with it. Our approach does not intend to force 

a solution at all costs. Because of this, we use these 2 metrics (satisfaction and consensus) 

simultaneously. Our goal is to increase the levels of consensus without diminishing the 

levels of satisfaction in any possible way. Finding consensus while compromising the 

quality of the decision is not the solution. 

The agents’ preferences regarding alternatives and criteria, as well as their style of 

behavior, were randomly generated. However, in order for the evaluation of alternatives 

and criteria to make sense, the following approach was used, where each agent: 

1. Randomly generated his preferences for each of the existing alternatives. Those 

preferences varied on the [0,1] interval, where 0 means "Not at all preferred" 

and 1 means "Extremely preferred"; 

2. Selected the top preferred alternatives, i.e., those with the highest values; 
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3. Checked for those (top preferred) alternatives which criteria stand out, i.e., 

which criteria (comparatively) make sense to be valued in order to prefer those 

alternatives; 

4. And finally, generated a random preference in a [0.5,1] interval for those stood 

out criteria, and a random preference in a [0,0.5] interval for the remaining 

criteria. 

Experiments 

In the first experiment, 35*101 simulations were performed. In each set of 101 simulations 

(let us call it a scenario) the preferences of each agent towards the problem (alternatives 

and criteria) were the same. Each simulation included 12 agents. In the first simulation, all 

12 agents were configured without a defined behavior and in the following 100 simulations 

different styles of behavior were generated for each agent in each simulation. The average 

results that were obtained by agents with a defined behavior in 100 simulations were 

compared with the results of the simulation where these agents were configured without a 

defined behavior. 

Figure 3 shows the satisfaction values obtained by agents without a defined behavior 

(AgWDB) and the average satisfaction values obtained by agents with a defined behavior 

(AgDB). 

 

Figure 3. Satisfaction values obtained in each scenario 

Since both AgWDB and AgDB average satisfaction values are being compared it is 

important to know what this average means. For that, Figure 4 shows the number of times 

in which AgDB obtained a higher or lower satisfaction in each scenario. It is possible to 

identify that in most scenarios AgDB obtained a higher satisfaction. Counting all 

simulations performed in this experiment, the satisfaction was higher in 70,2% of the times 

and lower in 29,8% of the times. Another important point is related with the obtained 

average satisfaction value. AgDB obtained in all simulations an average of 0,147 while 

AgWDB obtained just 0,069. 
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Figure 4. Number of times when AgDB obtain more/less satisfaction than AgWDB in each scenario 

The impact of situations where AgDB obtained a higher or lower satisfaction compared to 

AgWDB was also studied. It was important to know if there was a big difference when 

AgDB obtain a lower satisfaction compared to AgWDB. Figure 5 shows the results 

between the average gain and loss of satisfaction of AgDB and AgWDB. In 70,2% of the 

times where AgDB obtained a higher satisfaction, the average gain was of 0,158, however 

in 29,8% of the times where AgDB obtained a lower satisfaction, the average loss was of 

0,117. 

 

Figure 5. Gain/Loss of satisfaction every time AgDB obtain more/less satisfaction than AgWDB 

Figure 6 shows the consensus values obtained by AgWDB and the average consensus 

values obtained by AgDB in each scenario. It is possible to see that AgDB also a higher 

consensus compared to AgWDB in most of the times. 
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Figure 6. Consensus values obtained in each scenario 

Figure 7 shows the number of times in which AgDB obtained more/less/same consensus 

than AgWDB. AgDB obtained a higher average consensus in 74,3% of the times, equal in 

14,5% of the times and lower in 11,1% of the times. 

 

Figure 7. Number of times when AgDB obtain more/less consensus than AgWDB in each scenario 

As we did in the satisfaction analysis, the impact of gain and loss of consensus was also 

analysed in situations where the consensus is higher or lower respectively. Figure 8 shows 

the results that were obtained. As can be seen, the gain of consensus is higher (0,192 

average) when the consensus obtained is also higher and the loss is lower (0,091 average) 

when the consensus obtained is also lower. 
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Figure 8. Gain/Loss of consensus every time AgDB obtain more/less consensus than AgWDB 

In the second experiment, 35*6 simulations were performed. In each scenario agents had 

different problem configurations (regarding alternatives and criteria). For all 6 simulations 

in the same scenario agents’ configurations were the same. In each simulation 12 agents 

were used and were all defined with the same style of behavior (1st Simulation – 12 

AgWDB, 2nd Simulation – 12 agents Integrating, 3rd Simulation – 12 agents Obliging, 4th 

Simulation – 12 agents Dominating, 5th Simulation – 12 agents Compromising and 6th 

Simulation – 12 agents Avoiding). 

Figure 9 shows the satisfaction results obtained by agents with the same style of behavior 

throughout all 35 scenarios. Integrating agents achieved higher satisfaction levels 

compared to other agents while it seems that Dominating agents, on the opposite turn, 

obtained the lower satisfaction levels. The average satisfaction values obtained for each 

style of behavior were the following: Integrating – 0,122; Compromising – 0,097; 

Avoiding – 0,05; Without a Defined Behavior – 0,036; Dominating – 0,036 and Obliging 

– 0,031. 

 

Figure 9. Satisfaction obtained in each scenario 

Figure 10 shows consensus values obtained by agents in each simulation. It is possible to 

see that in many times both Obliging and Avoiding agents obtain the same consensus 

(value 1 which means they achieved a consensual decision) and therefore appear overlaid. 

In this experiment, it was possible to identify that Obliging and Avoiding agents always 

obtained the highest consensus, Dominating agents obtained the lowest consensus and the 

remaining styles of conflict obtained intermediate values. Besides this, and looking at the 

graph the consensus values obtained by each group of agents with the same style of 

behavior are very constant throughout all 35 scenarios, even if agents’ configurations were 

different in all of them. The average consensus for each style of behavior for each scenario 

was the following: Obliging – 0,959; Avoiding – 0,945; Integrating – 0,73; Compromising 

– 0,728; Without a Defined Behavior – 0,609 and Dominating – 0,39. 

-0,4

-0,2

0

0,2

0,4

0,6

0 5 10 15 20 25 30 35

Without a Defined Behaviour Dominating Integrating Compromising Obliging Avoiding



222 publications composing the doctoral thesis

Arguing with behavior influence: A model for Web-based Group Decision Support Systems     25 

 

 

Figure 10. Consensus obtained in each scenario 

5.   Discussion 

In this Section, all the hypotheses are discussed. The first hypothesis is the most important 

and is the reason for all the experiments performed in this work. The other hypotheses were 

identified as the study progressed. Given this, we postulate several hypotheses regarding 

the performance and behavior of the agents. 

Hypothesis 1: Agents that represent/support decision-makers in the ubiquitous group 

decision-making process and that use styles of behavior can obtain higher consensus and 

quality decisions more easily. 

AgDB obtained higher satisfaction levels compared to AgWDB in 70,2% of the 

simulations and obtained higher consensus levels in 74,3% of the times. Besides this, it 

was also verified that in the 70,2% of the times when the satisfaction obtained is higher, 

there was a gain of satisfaction that was superior (0,158) to the loss of satisfaction (0,117) 

in the remaining 29,8% of the times when the satisfaction obtained is lower. These results 

were very positive. In the case when the consensus obtained was higher, the gains were 

even more significant. Not only do agents obtained higher consensus in more simulations 

(89,9%), the gain was also higher (0,192). On the other hand, the consensus obtained was 

lower in the remaining 11,1% of the times with a loss of 0,091. With these results 

confirmed we have all the necessary conditions to accept the formulated hypothesis. 

Hypothesis 2: Agents with a higher level of concern for others obtain higher satisfaction 

levels. 

This hypothesis was rejected. Integrating and Obliging are the styles of behavior with the 

highest level of concern for others, followed by Compromising style, and lastly Avoiding 

and Dominating styles. The hypothesis was rejected since Obliging agents achieved low 

average satisfaction levels when agents with the same style of behavior were being studied. 

By rejecting this hypothesis, we did formulate a new one (Hypothesis 2.1). 

Hypothesis 2.1: Agents that are naturally more competitive and collaborative obtain higher 

satisfaction levels. 
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If we make a purely comparative analysis (as done in the second experiment) we can accept 

this hypothesis. We verified that Integrating and Compromising styles, which have very 

similar concern for self and concern for others values, achieved the highest levels of 

satisfaction. This may lead us to think that other styles only harm the process. However, 

(as can be seen) in the first experiment (when we used agents with all sorts of styles) agents 

achieved an average satisfaction level of 0,147 which is superior to the value obtained by 

Integrating agents (0,122). This let us conclude that the diversity of styles of behavior 

allows obtaining higher satisfaction levels compared to the situation where all agents share 

the same style. Considering that we live in a diversified reality, this hypothesis would be 

rejected. This conclusion allows formulating a new hypothesis that was not studied in this 

work: Obliging agents, due to their high level of concern for others and low level of concern 

for self, are especially useful in scenarios where other agents with different styles of 

behavior also participate. The study of Obliging agents is a paradox. 

Hypothesis 3: Agents with a low concern for self obtain consensus more easily. 

Obliging and Avoiding agents have the lowest level of concern for self, followed by 

Compromising agents while Integrating and Dominating agents have the highest level of 

concern for self. If we just look at the concern for self we are forced to reject the hypothesis, 

because Integrating agents have a higher concern for self compared to Compromising 

agents but still obtain slightly higher average consensus levels. However, we have 

identified a pattern that let us explain this situation. Obliging agents obtained higher 

average consensus levels compared to Avoiding agents even though both styles share 

almost the same level of concern for self. However, since Obliging agents have higher level 

of concern for others this let us believe that in situations where agents with the same 

concern for self will obtain higher consensus levels if they have a higher concern for others. 

This explains why Integrating agents obtain slightly higher consensus levels compared to 

Compromising agents. 

Hypothesis 4: Using agents defined with a style of behavior is always advantageous. 

This hypothesis has been rejected because we can see in the second experiment Dominating 

agents obtained worse satisfaction and consensus values compared with AgWDB. This 

means that in a hypothetical situation in which all decision-makers choose the Dominating 

style of behavior they would obtain worse results in case we did not use any kind of 

behavioral modelling. However, we consider that a situation in which all agents are defined 

with the Dominating style can still generate valuable knowledge that can be used in the 

future to support group decision-making in that kind of scenario. On the other hand, when 

we only deal with AgWDB we cannot generate and use such kind of knowledge. 

It is also important to relate this work with current literature. As referred before, our 

argumentation-based dialogue model aims to support the group decision making process. 

Our approach is very different to what can be found in literature. This is because our model 

was defined in order to take advantage of what the benefits associated with the group 

decision-making process are. Thus, contrary to what happens in most of the existing 
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proposals (Black & Hunter, 2009; Prakken, 2005), our model deals with several types of 

dialogue, since, despite the objective of achieving consensus, there is also the objective of 

enhancing the quality of the decision. In this way, our model focuses not only on dialogue 

types such as negotiation or persuasion, but also on strategies that allow agents to discover 

new information and perceive the reasons for the preferences of other decision-makers. 

The difference of the proposal presented in this work is also distinguished by the way 

it is validated. A lot of works are validated using the Seller/Buyer example (El-Sisi & 

Mousa, 2012; Marey et al., 2014; Marey, Bentahar, Khosrowshahi-Asl, Sultan, & Dssouli, 

2015) which is a context completely different from the one presented in this work. As we 

said, we do not want to make a deal, nor want agents to reach a consensus at any costs. Our 

model aims to support the decision-making process by using and creating new knowledge. 

Our work takes advantage of the typical benefits inherent to group decision-making and 

proved that it is possible to obtain results that follow that perspective. Por isso, neste 

trabalho a validação ocorre estudando simultaneamente o nível de consenso e a qualidade 

de decisão. 

Other authors with a relevant work in this area considered in very recent papers that 

most the work found in the literature related to argumentation-based decision-making did 

not pay attention to decision-making amongst multiple agents. In fact, Fan and Toni (2014) 

refer to the necessity of studying “decision-making in the context of multiple agents, in 

which agents may share potentially conflicting knowledge and preferences”. In our work, 

besides proposing a model that supports multiple agents interacting in a very similar way 

as humans do in face-to-face meetings, the created prototype had an exceptional 

performance without presenting any sort of issues. 

One of the main points of this work is the capacity the agents start to have to represent 

the intentions of the decision-makers. Although there are some works in the field of 

decision-making in which the authors try to make this type of representation (Marreiros et 

al., 2010; Iván Palomares & Martínez, 2014; Iván Palomares et al., 2013; Santos et al., 

2009), it is done in a very ambiguous way, where the values of performance of those styles 

are not scientifically validated, being merely indicative and approximations of what is 

thought to make sense. In addition, they do not validate in a real system if the decision-

makers would be able to configure and understand the objectives of each of those styles. 

Although it is obvious that it would be advantageous to include affective components in 

this type of context, it had never been proved as it happens in this work. 

Finally, it is not less important to mention the potentiality that the proposal here 

presented has to document and explain the reasons that lead to a certain decision. Muller 

and Hunter (2012) consider that it is very important that argumentation models can 

generate documentation and also explain why certain decisions are made. Our approach is 

also clear to the decision-maker and allows him to understand the process and properly 

explains the reason why a certain solution is decided. Knowing how agents communicate 

with each other, the text composing each locution could be used to make that 

documentation. 
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6.   Related Work 

Dialogue theory was first addressed in modern philosophy by Grice, Cole, and Morgan 

(1975). For them, an argument is a contribution that is given in a collaborative 

conversation. In their perspective, an argument must be evaluated from the point of view 

of its collaborative value considering the time it is spoken (Grice et al., 1975). There are 

several types of dialogues. Each of them is characterized by having different objectives, 

and different sets of rules that make it easier to achieve those objectives (D. N. Walton, 

1989). One of the most recognized dialogue taxonomy was proposed by D. Walton and 

Krabbe (1995). They divided dialogues into six types (Table 4): 

• Persuasion: In this type of dialogue, the proposer tries to persuade the other 

party that a certain fact is true and vice versa. Basically, both parties try, by 

using arguments, to convince the other party to change its opinion; 

• Negotiation: The goal of negotiation is to reach an agreement. In this type of 

dialogue, both parties seek to maximize their benefits while achieving a 

consensus that is, at the same time, acceptable to both; 

• Inquiry: This type of dialogue arises from the need to establish or prove 

propositions. It aims to achieve general agreement on the subject that is on the 

table. Here, the objective is not to satisfy interests as it happens in negotiation, 

since there is no conflict of opinions but an open problem; 

• Deliberation: As in the inquiry, this type of dialogue is about an open problem. 

However, the goal here is to decide how to act. In this way, it is also intended to 

achieve an agreement, but the agreement does not have to be obligatorily 

general; 

• Information-seeking: This type of dialogue concerns to the search for 

information by the participants. This search for information happens through 

requests to an expert, where the goal is to spread knowledge. Here it is not 

intended to prove anything but to retrieve a piece of knowledge; 

• Eristic: This kind of dialogue is a bit different in that its purpose is to seek 

conflict instead of seeking to resolve the conflict. The idea is to go against the 

opponent regardless of what he says. 

Table 4. Dialogue types (adapted from D. Walton and Krabbe (1995)) 

Type Initial Situation Main Goal Participants’ Aim 

Persuasion Conflicting point 

of view 

Resolution of such conflicts by 

verbal means 

Persuade the other(s) 

Negotiation Conflict of 

interests and need 

Making a deal Get the best out of it for 

oneself 

Inquiry General Ignorance Growth of knowledge and 

agreement 

Find a “proof” or destroy 

one 

Deliberation Need for action Reach a decision Influence outcome 

Information-

seeking 

Personal ignorance Spreading Knowledge and 

revealing positions 

Gain, pass on, show or hide 

personal knowledge 

Eristics Conflict and 

antagonism 

Reaching (provisional) a 

accommodation in a relationship 

Strike the others party and 

win in the onlookers 
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Dialogue systems have also been studied by computer science scientists (McBurney & 

Parsons, 2002; Prakken, 2000, 2006). In these systems, agents exchange messages with a 

certain objective, e.g., negotiation, persuasion and seeking information. The use of 

arguments allows agents to justify their positions, actions or preferences when carrying out 

any of those dialogues (Rahwan et al., 2003). 

According to Prakken (2006), a dialogue system should include the following elements: 

• Topic language: The language that designates the meaning of each utterance; 

• Communication language: The language that enables the discussion; 

• Dialogue purpose: Purpose of the dialogue; 

• Participants: The participants involved in the process (at least 2), who may have 

several roles, objectives and beliefs; 

• Context: The type of dialogue; 

• Logic: The logic used in the dialogue, which may or may not be monotonic and 

which may or may not be argument-based; 

• Effect rules: Defines the effect of utterances; 

• Protocol: Specifies which movements are possible to be performed during the 

dialog; 

• Outcome rules: The set of rules that define the outcome of the dialogue. 

Black and Hunter (2009) presented a framework for representing dialogues of the type 

inquiry. Their argumentative system is based in Defeasible Logic Programming (DeLP). 

In their work, they consider two types of inquiry dialogues: argument inquiry and warrant 

inquiry. The former intends that agents can jointly construct arguments to support a 

particular claim that would not be possible if done separately (alone). The latter intends 

that agents can share arguments in order to construct a dialectical tree that they could not 

do alone with their own beliefs. In these two types of inquiry dialogues, agents jointly seek 

to inquire about topics. However, the argument inquiry dialogue does not allow to 

determine the acceptability of the constructed arguments, and in warranty inquiry dialogue 

the agents work together to determine the acceptability of the arguments (they do this by 

jointly constructing a dialectical tree). The authors named the communicative acts as 

“moves”. They considered the existence of three different moves: open, assert and close. 

A move is represented as 〈𝐴𝑔𝑒𝑛𝑡, 𝐴𝑐𝑡, 𝐶𝑜𝑛𝑡𝑒𝑛𝑡〉, where 𝐴𝑔𝑒𝑛𝑡 is the agent generating the 

move, 𝐴𝑐𝑡 is the type of the move and 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 contains information about the details of 

the move. The dialogue is always performed by exactly two agents and always starts by an 

“open” move. They represent the first move as 〈𝑥, 𝑜𝑝𝑒𝑛, 𝑑𝑖𝑎𝑙𝑜𝑔𝑢𝑒(𝜃, 𝛾)〉, where 𝜃 is the 

type of the dialogue and 𝛾 is the topic of the dialogue. So, the type and the topic of the 

dialogue are defined in the content of the first move. The dialogue ends when both agents 

make the “close” move. 

Prakken (2005) proposed a formal framework of argumentation dialogues for 

persuasion. In his work, he presents an example of a persuasion dialogue, which we present 

below: 
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1. 𝑎𝑔1: My car is very safe. (making a claim) 

2. 𝑎𝑔2: Why is your car safe? (asking grounds for a claim) 

3. 𝑎𝑔1: Since it has an airbag. (offering alternative grounds for a claim) 

4. 𝑎𝑔2: That is true, (persuasion: conceding a claim) but I disagree that this makes 

your car safe: the newspapers recently reported on airbags expanding without 

cause. (stating a counterargument) 

5. 𝑎𝑔1: Yes, that is what newspapers say (conceding a claim) but that does not 

prove anything, since newspaper reports are very unreliable sources of 

technological information. (undercutting a counterargument) 

6. 𝑎𝑔2: Still your car is still not safe, since its maximum speed is very high. 

(alternative counterargument) 

This example demonstrates the complexity of the persuasion dialogues. As we can see, 

during a dialogue of this type, an individual/agent can refer back to previous choices in the 

same dialogue, as well as justify a certain point of view in different ways. 

In his work, Prakken (2005) introduced the “liberal” and “relevant” dialogue systems. 

Table 5 presents the moves for liberal dialogues. 

Table 5. Speech acts for liberal dialogues (adapted from Prakken (2005)) 

Acts Attacks Surrenders 

claim φ why φ concede φ 

why φ argue A(conc(A) = φ) retract φ 

argue A why φ(φ ∈ prem(A)) argue B(B defeats A) concede φ (φ ∈ prem(A) or φ = conc(A)) 

concede φ   

𝑟𝑒𝑡𝑟𝑎𝑐𝑡 𝜑   

 

As in the work of Black and Hunter (2009), Prakken’s liberal dialogues are represented as 

trees and the arguments of a tree are always relative to only one topic. An argument is a 

deduction with a conclusion (conc) and premises (prem), and “An argument B extends an 

argument A if conc(B) = φ and φ ∈ prem(A)”. The author also defined a turn-taking 

function that specifies which agent does the next move, which basically guarantees the 

existence of a “ping-pong” dialogue, where the first move is responsible for specifying the 

dialogue’s topic. One of the most relevant parts of this work is the way Prakken determines 

the outcome of a dialogue by defining an in/out labelling. Theoretically, what happens is 

that a node is in if it withstands its attacks, otherwise it is out. So, considering that the root 

of a dialogue is responsible for defining the topic, the proponent wins the dialogue if the 

root node is in. 

Parsons, Wooldridge, and Amgoud (2003) presented a study about argumentation-

based dialogues between agents. They have defined locutions from which agents can 

exchange arguments. In addition, agents may adopt different attitudes which will condition 

the arguments that they can build and what locutions they can make. They also defined a 

set of protocols which determine the entire functioning of the dialogue (termination, 

dialogue outcomes and complexity). In this work, they deal with three types of dialogues: 

information seeking, inquiry and persuasion. They assume the dialogues are always 
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performed by only two agents, which can use several utterances, such as: assert, accept, 

challenge and question. One of the most fascinating points of this work is the relation 

defined between the agents’ attitudes and their way of acting. For instance, an agent can 

have three different assertion attitudes: confident, careful and thoughtful, and three 

acceptance attitudes: credulous, cautious and skeptical. 

Next, an example of a possible information seeking dialogue is presented, using the 

protocol proposed by the authors: 

1. 𝑎𝑔1 asks 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛(𝑝); 

2. 𝑎𝑔2 replies either 𝑎𝑠𝑠𝑒𝑟𝑡(𝑝) or 𝑎𝑠𝑠𝑒𝑟𝑡(¬𝑝) if it can, and 𝑎𝑠𝑠𝑒𝑟𝑡(𝒰) if it 

cannot. Which response is given will depend upon the contents of its knowledge 

base and its assertion attitude. 𝒰 indicates that, for whatever reason, ℬ cannot 

give an answer; 

3. 𝑎𝑔1 either accepts ℬ’s response, if its acceptance attitude allows, or 

𝑐ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒𝑠. 𝒰 cannot be 𝑐ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒𝑑 and as soon as it is asserted, the dialogue 

terminates without the question being resolved; 

4. 𝑎𝑔2 replies to a 𝑐ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒 with an 𝑎𝑠𝑠𝑒𝑟𝑡(𝒮), where 𝒮 is the support of an 

argument for the last proposition challenged by 𝑎𝑔1; 

5. Go to 3 for each proposition in 𝒮 in turn; 

6. 𝑎𝑔1 accepts 𝑝 if its acceptance attitude allows. 

There is a large number of applications of dialogue systems in literature (Mackenzie, 

1990; D. Walton & Krabbe, 1995; Woods & Walton, 1978) covering various topics, such 

as: resource-bounded reasoning (Brewka, 2001; Loui, 1998), legal reasoning (T. J. Bench-

Capon, 1998; Hage, Leenes, & Lodder, 1993), to support agent interaction (Amgoud, 

Maudet, & Parsons, 2000; Parsons et al., 2003),among others. However, argumentation-

based dialogue models specifically targeted at the context of group decision-making and 

that benefit from group decision-making are practically non-existent. 

Many approaches have been put forward in literature, where agents are defined with 

characteristics that set them apart from each other (Allbeck & Badler, 2002; Badler, 

Allbeck, Zhao, & Byun, 2002; Velsquez, 1997; Zamfirescu, 2003). Also under the topic of 

group decision-making several works with agents have been proposed (Aronson, Liang, & 

Turban, 2005; Olfati-Saber, Fax, & Murray, 2007), some of which used agents as a way to 

represent decision-makers/experts (Carneiro, Martinho, Marreiros, Jimenez, & Novais, 

2017; Iván Palomares & Martínez, 2014; Santos et al., 2009). This representation of 

decision-makers allows the systems to become more intelligent and dynamic, given they 

are capable of dealing with aspects of great relevance in face-to-face type meetings. Next, 

we will see some works in the context of the decision-making that present strategies to 

represent the decision-makers. 

Santos et al. (2009) presented a scientific work where they proposed a multi-agent 

architecture model designed to support groups in the decision-making process. The novelty 

of their work is the possibility to model the agent’s personality. The idea is to humanize 

agents and with that, facilitate the negotiation process. They used four personality types 
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(Negotiator, Aggressor, Submissive and Avoider) based on the Five Factor Model (McCrae 

& John, 1992) to define the agents’ personalities. To select the agent’s personality, each 

decision-maker needs to answer a questionnaire named Big Five Inventory (John, 

Donahue, & Kentle, 1991). They also proposed a simple negotiation model where the 

agents use the personalities to choose which kind of requests they should send and to 

process the received requests. The publication does not include any case study; however, 

the content is very interesting because the proposed model is based in strong assumptions 

existent in the literature. 

Iván Palomares et al. (2013) presented a Web-based consensus support system that 

permits the integration of the decision-makers’ attitude regarding consensus. They study 

the importance that decision-makers place in reaching consensus regarding the possibility 

of modifying their own preferences. Decision-makers can/adopt three attitudes: 

pessimistic, indifferent and optimistic. For example, a decision-maker who adopts an 

optimistic attitude, means that for him to reach the agreement is more important than his 

own preferences. In this way, the group’s options will be given more importance. They 

argue that (as might be expected) optimistic attitudes help to reach consensus while 

pessimistic attitudes hamper the achievement of consensus. 

Recio-García et al. (2013) presented a group decision support system where each 

decision-maker is represented by an agent who argues with the other agents in order to 

achieve the best alternative for the group. The presented negotiation model includes the 

users’ social factors, personality and trust in the argumentative process. The personality of 

decision-makers is represented by a number ranging from [0,1] where 0 means a very 

cooperative person and the reflection of a very selfish one. To study the trust, they use the 

interaction of decision-makers in social networks through a set of 10 factors. For the 

argumentation model, they used D2ISCO, which is a platform for the design and 

implementation of deliberative and collaborative CBR applications. They concluded that 

the proposed model allows to achieve better satisfaction rates when compared to the 

standard “fully connected” group recommender. 

Iván Palomares and Martínez (2014) presented a semisupervised consensus support 

system (CSS) based on the multiagent system paradigm. The main purposes are to 

overcome the difficulties associated with managing large groups of experts and the need 

for constant human supervision. In order to minimize the need for experts’ interactions 

with the system, they defined a strategy that allows the experts to express their individual 

concerns. To do so, they defined three different profiles: sure profile, unsure profile and 

neutral profile. The first, intends to represent experts that are very confident about their 

preferences. Therefore, they do not intend to change them. The second, represents experts 

that want to achieve a consensus but are unsure about their opinions. The third, represent 

the experts that want to achieve a consensus and are moderately sure about their opinions. 

They conducted a case study made up by a set of experiments with the intent of 

understanding the different evolution of the degree of consensus between the proposed 

semisupervised CSS and a full-supervised CSS. They concluded that through the proposed 

system it was possible to minimize the need for expert human supervision and more 
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importantly, they concluded that their proposal helps to achieve high levels of consensus 

faster than the full-supervised CSS. 

7.   Conclusions and Future Work 

The future and success of organizations depend greatly on the quality of every decision 

made. It is known that most of the decisions in organizations are made in group. To support 

this type of decision, the Group Decision Support Systems (GDSS) have been widely 

studied throughout the last decades. However, in the last ten/twenty years, we have seen a 

remarkable change in the context where the decision-making process happens, especially 

in large organizations. With the appearance of global markets, the growth of multinational 

enterprises and a global vision of the planet, we easily find chief executive officers and top 

managers (decision-makers) spread around the world, in countries with different time 

zones. To provide an answer and operate correctly in this type of scenarios the traditional 

GDSS have evolved to what we identify today as Web-based Group Decision Support 

Systems (Web-based GDSS). The idea behind the Web-based GDSS is to support the 

decision-making process “anytime” and “anywhere”. However, supporting groups in this 

context is a very complex task. It is necessary to create conditions in which the decision-

maker can acknowledge the advantages of using the system and feels motivated to do so. 

The system must allow the decision-maker to express himself and this includes problem 

and communication configurations. We must keep in mind that the best algorithm will fail 

if the final user does not want to use it. Besides this, a Web-based GDSS must support 

decision-makers throughout the decision-making process until the best solution can be 

found. This support includes not only obtaining consensus but also the best possible 

solution. Therefore, strategies that “hide” information just to achieve a faster solution must 

not be used. 

In this work, we propose an argumentation-based dialogue model for Web-based 

GDSS. This model provides a set of features that allows taking advantage of the known 

benefits inherent to group decision-making. Our proposal allows interactions between 

agents in a very similar way as humans do in face-to-face meetings. Each agent represents 

a real decision-maker and will attempt to defend his interests and persuade other agents 

according to the knowledge he possesses. However, agents do not persuade “foolishly” as 

they will be guided by the style of behavior defined by their decision-maker. Decision-

makers may select 5 different styles of behavior which define the way their agent will 

behave and act, for a better representation of their interests and objectives. Each style of 

behavior proposed in this work has been defined according to 4 dimensions. To figure how 

agents will act in each dimension, real results were used and analyzed how people expect 

an agent to behave depending on his style of behavior. This means that when a decision-

maker selects a certain style of behavior for his representing agent he is unconsciously 

sharing information with the system. 

We proposed a model that works well when multiple agents communicate and interact 

with each other. Second, our work takes advantage of the benefits inherent to group 

decision-making. Our proposal let decision-makers recognize the importance of the 
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process. Third, and most importantly, with this work we have proved the prevalence of 

using styles of behavior in this type of context. Our approach allows decision-makers not 

only to configure their preferences but also their intentions (for instance: strategies and 

interest in the process). With this, we could conclude many details explained previously, 

as for example, why agents with a high concern for others tend to obtain higher satisfaction 

levels as well as agents with low concern for self tend to obtain higher consensus levels. 

However, although we could identify these tendencies, we also saw the system can reflect 

the positive and typical diversity of human interactions. If we do not forget that the real 

world is diversified and that diversity is a benefit, then our approach does not lead to a very 

inflexible system but rather to a system that can take advantage of it. 

As future work, we intend to study ways to deal with complex situations. We consider 

a complex situation, for example, a scenario where all agents have the Dominating style of 

behavior. The idea is to take advantage of the previous knowledge that tells us how difficult 

it is to achieve a consensual decision in that context and find specific mechanisms for that 

kind of scenarios. These mechanisms should follow the logic applied to this work meaning 

the goal should always be to seek consensus through the free exchange of knowledge and 

motivate the decision-makers to understand arguments exchanged by other decision-

makers. Another question we intend to study is how the entire decision-making process 

(and not only a simple iteration as studied in this work) using our framework model allows 

us to achieve even higher levels of consensus and satisfaction. 

References 

1.   Allbeck, J., & Badler, N. (2002). Toward representing agent behaviors modified by personality 

and emotion. Embodied Conversational Agents at AAMAS, 2, 15-19.  

2.   Alonso, S., Herrera-Viedma, E., Chiclana, F., & Herrera, F. (2010). A web based consensus 

support system for group decision making problems and incomplete preferences. Information 

Sciences, 180(23), 4477-4495.  

3.   Amgoud, L. (2014). Postulates for logic-based argumentation systems. International Journal of 

Approximate Reasoning, 55(9), 2028-2048.  

4.   Amgoud, L., Maudet, N., & Parsons, S. (2000). Modelling dialogues using argumentation. 

Paper presented at the MultiAgent Systems, 2000. Proceedings. Fourth International Conference 

on. 

5.   Amgoud, L., & Prade, H. (2006). Explaining Qualitative Decision under Uncertainty by 

Argumentation. Paper presented at the Proceedings of the National Conference on Artificial 

Intelligence. 

6.   Amgoud, L., & Vesic, S. (2011). A new approach for preference-based argumentation 

frameworks. Annals of Mathematics and Artificial Intelligence, 63(2), 149-183.  

7.   André, E., Klesen, M., Gebhard, P., Allen, S., & Rist, T. (2000). Integrating models of 

personality and emotions into lifelike characters. Lecture notes in computer science, 150-165.  

8.   Aronson, J. E., Liang, T.-P., & Turban, E. (2005). Decision support systems and intelligent 

systems: Pearson Prentice-Hall. 

9.   Badler, N., Allbeck, J., Zhao, L., & Byun, M. (2002). Representing and parameterizing agent 

behaviors. Paper presented at the Computer Animation, 2002. Proceedings of. 

10.   Ball, G., & Breese, J. (2000). Emotion and personality in a conversational agent. Embodied 

conversational agents, 189-219.  

11.   Bench-Capon, T. (2002). Value based argumentation frameworks. arXiv preprint cs/0207059.  



232 publications composing the doctoral thesis

Arguing with behavior influence: A model for Web-based Group Decision Support Systems     35 

 

12.   Bench-Capon, T. J. (1998). Specification and implementation of Toulmin dialogue game. Paper 

presented at the Proceedings of JURIX. 

13.   Bench-Capon, T. J., & Dunne, P. E. (2007). Argumentation in artificial intelligence. Artificial 

intelligence, 171(10-15), 619-641.  

14.   Besnard, P., & Hunter, A. (2001). A logic-based theory of deductive arguments☆☆ This is an 

extended version of a paper entitled “Towards a logic-based theory of argumentation” published 

in the Proceedings of the National Conference on Artificial Intelligence (AAAI'2000), Austin, 

TX, MIT Press, Cambridge, MA, 2000. Artificial intelligence, 128(1-2), 203-235.  

15.   Bjørn, P., Esbensen, M., Jensen, R. E., & Matthiesen, S. (2014). Does distance still matter? 

Revisiting the CSCW fundamentals on distributed collaboration. ACM Transactions on 

Computer-Human Interaction (TOCHI), 21(5), 27.  

16.   Black, E., & Hunter, A. (2009). An inquiry dialogue system. Autonomous Agents and Multi-

Agent Systems, 19(2), 173-209.  

17.   Bondarenko, A., Dung, P. M., Kowalski, R. A., & Toni, F. (1997). An abstract, argumentation-

theoretic approach to default reasoning. Artificial intelligence, 93(1-2), 63-101.  

18.   Brewka, G. (2001). Dynamic argument systems: A formal model of argumentation processes 

based on situation calculus. Journal of Logic and Computation, 11(2), 257-282.  

19.   Carneiro, J., Conceição, L., Martinho, D., Marreiros, G., & Novais, P. (2016). Including 

cognitive aspects in multiple criteria decision analysis. Annals of Operations Research, 1-23.  

20.   Carneiro, J., Marreiros, G., & Novais, P. (2015). Using satisfaction analysis to predict decision 

quality. International Journal of Artificial Intelligence™, 13(1), 45-57.  

21.   Carneiro, J., Martinho, D., Marreiros, G., Jimenez, A., & Novais, P. (2017). Dynamic 

argumentation in UbiGDSS. Knowledge and Information Systems, 1-37.  

22.   Carneiro, J., Martinho, D., Marreiros, G., & Novais, P. (2015). A general template to configure 

multi-criteria problems in ubiquitous GDSS. International Journal of Software Engineering and 

Its Applications, 9(11), 193-206.  

23.   Carneiro, J., Santos, R., Marreiros, G., & Novais, P. (2017). Evaluating the Perception of the 

Decision Quality in Web-Based Group Decision Support Systems: A Theory of Satisfaction. 

Paper presented at the International Conference on Practical Applications of Agents and Multi-

Agent Systems. 

24.   Chen, M., Liou, Y., Wang, C.-W., Fan, Y.-W., & Chi, Y.-P. J. (2007). TeamSpirit: Design, 

implementation, and evaluation of a Web-based group decision support system. Decision 

Support Systems, 43(4), 1186-1202.  

25.   Costa, P. T., & MacCrae, R. R. (1992). Revised NEO personality inventory (NEO PI-R) and 

NEO five-factor inventory (NEO-FFI): Professional manual: Psychological Assessment 

Resources, Incorporated. 

26.   D'Avila Garcez, A. S., Gabbay, D. M., & Lamb, L. C. (2005). Value-based argumentation 

frameworks as neural-symbolic learning systems. Journal of Logic and Computation, 15(6), 

1041-1058.  

27.   Dennis, A. R. (1996). Information exchange and use in small group decision making. Small 

Group Research, 27(4), 532-550.  

28.   DeSanctis, G., & Gallupe, B. (1984). Group decision support systems: a new frontier. ACM 

SIGMIS Database, 16(2), 3-10.  

29.   Desanctis, G., & Gallupe, R. B. (1987). A foundation for the study of group decision support 

systems. Management science, 33(5), 589-609.  

30.   Dimuro, G. P., da Rocha Costa, A. C., Gonçalves, L. V., & Hübner, A. (2007). Centralized 

regulation of social exchanges between personality-based agents Coordination, Organizations, 

Institutions, and Norms in Agent Systems II (pp. 338-355): Springer. 

31.   Dung, P. M. (1995). On the acceptability of arguments and its fundamental role in nonmonotonic 

reasoning, logic programming and n-person games. Artificial intelligence, 77(2), 321-357.  



3.6 arguing with behavior influence 233

36     J. Carneiro et al. 

 

32.   Dung, P. M., Kowalski, R. A., & Toni, F. (2009). Assumption-Based Argumentation: Springer. 

33.   Eisenhardt, K. M., & Zbaracki, M. J. (1992). Strategic decision making. Strategic management 

journal, 13(S2), 17-37.  

34.   El-Sisi, A. B., & Mousa, H. M. (2012). Argumentation based negotiation in multiagent system. 

Paper presented at the Computer Engineering & Systems (ICCES), 2012 Seventh International 

Conference on. 

35.   Fan, X., Craven, R., Singer, R., Toni, F., & Williams, M. (2013). Assumption-based 

argumentation for decision-making with preferences: A medical case study. Paper presented at 

the International Workshop on Computational Logic in Multi-Agent Systems. 

36.   Fan, X., & Toni, F. (2014). Decision making with assumption-based argumentation Theory and 

Applications of Formal Argumentation (pp. 127-142): Springer. 

37.   Fedrizzi, M., & Kacprzyk, J. (1988). An interactive multi-user decision support system for 

consensus reaching processes using fuzzy logic with linguistic quantifiers. Decision Support 

Systems, 4(3), 313-327.  

38.   Frank, A., Bittner, S., & Raubal, M. (2001). Spatial and cognitive simulation with multi-agent 

systems. Spatial Information Theory, 124-139.  

39.   Ghavami, S. M., & Taleai, M. (2017). Towards a conceptual multi-agent-based framework to 

simulate the spatial group decision-making process. Journal of Geographical Systems, 19(2), 

109-132.  

40.   Ghavami, S. M., Taleai, M., & Arentze, T. (2016). Socially rational agents in spatial land use 

planning: a heuristic proposal based negotiation mechanism. Computers, Environment and 

Urban Systems, 60, 67-78.  

41.   Ghavami, S. M., Taleai, M., & Arentze, T. (2017). An intelligent spatial land use planning 

support system using socially rational agents. International Journal of Geographical 

Information Science, 31(5), 1022-1041.  

42.   Gmytrasiewicz, P. J., & Lisetti, C. L. (2002). Emotions and personality in agent design and 

modeling. Lecture notes in computer science, 21-31.  

43.   Gray, P. (1987). Group decision support systems. Decision Support Systems, 3(3), 233-242.  

44.   Grice, H. P., Cole, P., & Morgan, J. (1975). Logic and conversation. 1975, 41-58.  

45.   Grudin, J. (2002). Group dynamics and ubiquitous computing. Communications of the ACM, 

45(12), 74-78.  

46.   Hage, J. C., Leenes, R., & Lodder, A. R. (1993). Hard cases: a procedural approach. Artificial 

intelligence and law, 2(2), 113-167.  

47.   Hambrick, D. C., Cho, T. S., & Chen, M.-J. (1996). The influence of top management team 

heterogeneity on firms' competitive moves. Administrative science quarterly, 659-684.  

48.   Hill, G. W. (1982). Group versus individual performance: Are N+ 1 heads better than one? 

Psychological bulletin, 91(3), 517.  

49.   Howard, P. J., & Howard, J. M. (1995). The Big Five Quickstart: An Introduction to the Five-

Factor Model of Personality for Human Resource Professionals.  

50.   Huber, G. P. (1984). Issues in the design of group decision support sytems. MIS quarterly, 195-

204.  

51.   John, O. P., Donahue, E. M., & Kentle, R. L. (1991). The big five inventory—versions 4a and 

54: Berkeley, CA: University of California, Berkeley, Institute of Personality and Social 

Research. 

52.   Johnson, M. W., McBurney, P., & Parsons, S. (2005). A mathematical model of dialog. 

Electronic Notes in Theoretical Computer Science, 141(5), 33-48.  

53.   Kakas, A., & Moraitis, P. (2003). Argumentation based decision making for autonomous agents. 

Paper presented at the Proceedings of the second international joint conference on Autonomous 

agents and multiagent systems. 



234 publications composing the doctoral thesis

Arguing with behavior influence: A model for Web-based Group Decision Support Systems     37 

 

54.   Karacapilidis, N., & Papadias, D. (1996). A group decision and negotiation support system for 

argumentation based reasoning. Paper presented at the Pacific Rim International Conference on 

Artificial Intelligence. 

55.   Karacapilidis, N., & Papadias, D. (2001). Computer supported argumentation and collaborative 

decision making: the HERMES system. Information systems, 26(4), 259-277.  

56.   Kraus, S., Sycara, K., & Evenchik, A. (1998). Reaching agreements through argumentation: a 

logical model and implementation. Artificial intelligence, 104(1-2), 1-69.  

57.   Kwon, O., Yoo, K., & Suh, E. (2005). UbiDSS: a proactive intelligent decision support system 

as an expert system deploying ubiquitous computing technologies. Expert systems with 

applications, 28(1), 149-161.  

58.   Lewicki, R. J., & Litterer, J. A. (1985). Negotiation. Homewood, IL: Richard D. Irwin. Inc. 

Google Scholar.  

59.   Loui, R. P. (1998). Process and Policy: Resource‐Bounded NonDemonstrative Reasoning. 

Computational intelligence, 14(1), 1-38.  

60.   Lunenburg, F. C. (2011). Decision making in organizations. International journal of 

management, business, and administration, 15(1), 1-9.  

61.   Luthans, F., Luthans, B. C., & Luthans, K. W. (2015). Organizational behavior: An evidence-

based approach: IAP. 

62.   Mackenzie, J. (1990). Four dialogue systems. Studia logica, 49(4), 567-583.  

63.   Marakas, G. M. (2003). Decision support systems in the 21st century (Vol. 134): Prentice Hall 

Upper Saddle River, NJ. 

64.   Marey, O., Bentahar, J., Asl, E. K., Mbarki, M., & Dssouli, R. (2014). Agents’ uncertainty in 

argumentation-based negotiation: classification and implementation. Procedia Computer 

Science, 32, 61-68.  

65.   Marey, O., Bentahar, J., Khosrowshahi-Asl, E., Sultan, K., & Dssouli, R. (2015). Decision 

making under subjective uncertainty in argumentation-based agent negotiation. Journal of 

Ambient Intelligence and Humanized Computing, 6(3), 307-323.  

66.   Marreiros, G., Santos, R., Ramos, C., & Neves, J. (2010). Context-aware emotion-based model 

for group decision making. IEEE Intelligent Systems, 25(2), 31-39.  

67.   Maudet, N., & Evrard, F. (1998). A generic framework for dialogue game implementation. Paper 

presented at the Proceedings of the Second Workshop on Formal Semantics and Pragmatics of 

Dialog. 

68.   McBurney, P., & Parsons, S. (2001). Representing epistemic uncertainty by means of dialectical 

argumentation. Annals of Mathematics and Artificial Intelligence, 32(1), 125-169.  

69.   McBurney, P., & Parsons, S. (2002). Games that agents play: A formal framework for dialogues 

between autonomous agents. Journal of logic, language and information, 11(3), 315-334.  

70.   McCrae, R. R., & John, O. P. (1992). An introduction to the five‐factor model and its 

applications. Journal of personality, 60(2), 175-215.  

71.   McGrath, J. E. (1991). Time, interaction, and performance (TIP) A Theory of Groups. Small 

Group Research, 22(2), 147-174.  

72.   Mehrabian, A. (1996). Pleasure-arousal-dominance: A general framework for describing and 

measuring individual differences in temperament. Current Psychology, 14(4), 261-292.  

73.   Montoya-Weiss, M. M., Massey, A. P., & Song, M. (2001). Getting it together: Temporal 

coordination and conflict management in global virtual teams. Academy of management 

Journal, 44(6), 1251-1262.  

74.   Muller, J., & Hunter, A. (2012). An argumentation-based approach for decision making. Paper 

presented at the Tools with Artificial Intelligence (ICTAI), 2012 IEEE 24th International 

Conference on. 

75.   Olfati-Saber, R., Fax, J. A., & Murray, R. M. (2007). Consensus and cooperation in networked 

multi-agent systems. Proceedings of the IEEE, 95(1), 215-233.  



3.6 arguing with behavior influence 235

38     J. Carneiro et al. 

 

76.   Ortony, A., Clore, G. L., & Collins, A. (1990). The cognitive structure of emotions: Cambridge 

university press. 

77.   Padgham, L., & Taylor, G. (1997). A system for modelling agents having emotion and 

personality Intelligent Agent Systems Theoretical and Practical Issues (pp. 59-71): Springer. 

78.   Palomares, I., & Martínez, L. (2014). A semisupervised multiagent system model to support 

consensus-reaching processes. IEEE Transactions on Fuzzy Systems, 22(4), 762-777.  

79.   Palomares, I., Martinez, L., & Herrera, F. (2014). A consensus model to detect and manage 

noncooperative behaviors in large-scale group decision making. IEEE Transactions on Fuzzy 

Systems, 22(3), 516-530.  

80.   Palomares, I., Rodríguez, R. M., & Martínez, L. (2013). An attitude-driven web consensus 

support system for heterogeneous group decision making. Expert systems with applications, 

40(1), 139-149.  

81.   Parsons, S., McBurney, P., Sklar, E., & Wooldridge, M. (2007). On the relevance of utterances 

in formal inter-agent dialogues. Paper presented at the Proceedings of the 6th international joint 

conference on Autonomous agents and multiagent systems. 

82.   Parsons, S., Wooldridge, M., & Amgoud, L. (2003). Properties and complexity of some formal 

inter-agent dialogues. Journal of Logic and Computation, 13(3), 347-376.  

83.   Prakken, H. (2000). On dialogue systems with speech acts, arguments, and counterarguments. 

Paper presented at the JELIA. 

84.   Prakken, H. (2005). Coherence and flexibility in dialogue games for argumentation. Journal of 

Logic and Computation, 15(6), 1009-1040.  

85.   Prakken, H. (2006). Formal systems for persuasion dialogue. The Knowledge Engineering 

Review, 21(2), 163-188.  

86.   Prakken, H. (2010). An abstract framework for argumentation with structured arguments. 

Argument and Computation, 1(2), 93-124.  

87.   Rahim, M. A., & Magner, N. R. (1995). Confirmatory factor analysis of the styles of handling 

interpersonal conflict: First-order factor model and its invariance across groups. Journal of 

applied psychology, 80(1), 122.  

88.   Rahwan, I., Ramchurn, S. D., Jennings, N. R., Mcburney, P., Parsons, S., & Sonenberg, L. 

(2003). Argumentation-based negotiation. The Knowledge Engineering Review, 18(4), 343-375.  

89.   Raja, K., & Srivatsa, S. (2006). Constructing a knowledge based group decision support system 

with enhanced cognitive analysis. Information Technology Journal, 5(1), 40-44.  

90.   Recio-García, J. A., Quijano, L., & Díaz-Agudo, B. (2013). Including social factors in an 

argumentative model for group decision support systems. Decision Support Systems, 56, 48-55.  

91.   Santos, R., Marreiros, G., Ramos, C., Neves, J., & Bulas-Cruz, J. (2006). Multi-agent approach 

for ubiquitous group decision support involving emotions. Paper presented at the UIC. 

92.   Santos, R., Marreiros, G., Ramos, C., Neves, J., & Bulas-Cruz, J. (2009). Using Personality 

Types to Support Argumentation. Paper presented at the ArgMAS. 

93.   Shim, J. P., Warkentin, M., Courtney, J. F., Power, D. J., Sharda, R., & Carlsson, C. (2002). 

Past, present, and future of decision support technology. Decision Support Systems, 33(2), 111-

126.  

94.   Shum, S. B., Cannavacciuolo, L., De Liddo, A., Iandoli, L., & Quinto, I. (2013). Using social 

network analysis to support collective decision-making process. Engineering Effective Decision 

Support Technologies: New Models and Applications, 87-103.  

95.   Sierra, C., Jennings, N. R., Noriega, P., & Parsons, S. (1997). A framework for argumentation-

based negotiation. Paper presented at the International Workshop on Agent Theories, 

Architectures, and Languages. 

96.   Velsquez, J. (1997). Modeling emotions and other motivations in synthetic agents. AAAI/IAAI, 

10-15.  



236 publications composing the doctoral thesis

Arguing with behavior influence: A model for Web-based Group Decision Support Systems     39 

 

97.   Walton, D., & Krabbe, E. C. (1995). Commitment in dialogue: Basic concepts of interpersonal 

reasoning: SUNY press. 

98.   Walton, D. N. (1989). Dialogue theory for critical thinking. Argumentation, 3(2), 169-184.  

99.   Woods, J., & Walton, D. (1978). Arresting circles in formal dialogues. Journal of Philosophical 

Logic, 7(1), 73-90.  

100.   Zamfirescu, C.-B. (2003). An agent-oriented approach for supporting Self-facilitation for group 

decisions. Studies in Informatics and control, 12(2), 137-148. 



4
C O N C L U S I O N S

A good decision is based on knowledge
and not on numbers.

— Plato

The work carried out in this doctorate was mainly to give answers
to some existing problems in the field of group decision-making in
which the elements are geographically dispersed. It was found that
the current approaches do not take advantage of the benefits associ-
ated to the group decision-making process. Furthermore, the existing
methods to represent decision-makers have limitations. In order to
address these problems, a number of solutions have been presented
in this work.

This chapter begins by exploring the contributions of this doctoral
thesis in the light of the objectives initially outlined. Then, it discusses
the hypotheses that were formulated at the beginning of this docu-
ment to perceive if they were verified or rejected. A summary of the
activities carried out during the period of this PhD is also presented.
Finally, some considerations are made and the possibilities of future
work are addressed.

4.1 contributions

The work presented in this thesis has resulted in a significant num-
ber of contributions. The path undertaken to study the hypotheses
enumerated in Section 1.2 and discussed in Section 4.2 lead us to de-
velop a set of models/methods that became important contributions
to the scientific and organizational world, including publications in
several conferences and journals. Table 11 presents the objectives at-
tained with the performed work and the document’s section in which
they are described.
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Table 11: List of the defined objectives and respective sections where they
were addressed.

Objective Section

Objective 1: To ascertain the state of the
art in the following areas: group decision-
making, group decision support systems,
argumentation, argumentation-based ne-
gotiation, argumentation-based dialogue
models, affective computing and decision
satisfaction.

Section 2.1, Section 2.3
and Section 2.2

Objective 2: To develop an automatic ne-
gotiation model under the logic of a real
decision-making process, involving the
decision-makers in the process, allowing
them to contribute with new knowledge
and to perceive the process and the rea-
son for which a given solution is pre-
sented.

Section 3.1, Section 3.5
and Section 3.6

Objective 3: To develop a model that is
capable of representing decision-makers
according to their intentions in respect to
a particular decision process.

Section 3.2

Objective 4: To develop a model capable
of predicting the satisfaction or the per-
ception of the decision quality of each
decision-maker and of the group regard-
ing the proposed solution.

Section 3.3

Objective 5: To formalize/propose an
argumentation-based dialogue model
that considers agents (with behavioral
styles) to represent decision-makers, and
that contemplates affective issues and
satisfaction prediction algorithms regard-
ing how agents dialogue and evaluate
requests.

Section 3.5 and Sec-
tion 3.6

Objective 6: The developed models
should not require a large set of config-
urations, enhancing the usability of a fu-
ture system to meet/match the lifestyle
and agenda of executives and top man-
agers.

Section 3.4 and Sec-
tion 3.5

Next, all the contributions that sprout from this work are enumer-
ated and described.
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1. Identification of relevant issues and possible solutions in GDSS
development.

The first contribution of this work was the idea that leveraged
everything that was accomplished. When we started reading
about GDSS, we found inconsistencies in the way the core prob-
lem was addressed. The GDSS have, as the name implies, the ob-
jective of supporting the group decision-making process. How-
ever, there are many ways to support it, but neither of them
allow the decision-makers to benefit from the group decision.
One must be aware that when it comes to supporting humans,
it is only possible if the humans accept to be supported in that
way. They need to feel comfortable with the way they are sup-
ported and to see advantages in the support they are having. For
this, it was necessary to read work on group decision-making
in order to answer three questions:

• Why are decisions made in group?

• What are the benefits of group decision-making?

• Can these benefits be achieved through the use of GDSS?

The identification in several publications of inconsistencies, as
well as the presentation of solutions to take advantage of the
benefits associated to the group decision-making, constitutes
what is the first contribution of this work. The case studies and
experiments, conducted to validate the proposed models and al-
gorithms, allowed us to understand that the identified problems
were well founded. This contribution allowed to accomplish Ob-
jective 1.

2. A model for satisfaction analysis capable of predicting the per-
ceived decision quality by the decision-makers and the group.

This contribution is described in Section 3.3 and addresses a
model for analyzing the satisfaction of decision-makers and the
group. This satisfaction model allows us to predict the percep-
tion of decision quality from the standpoint of decision makers
and of the group, working as a metric that can be used for differ-
ent purposes. In the first instance, this model allows to human-
ize the system, since it includes aspects such as preferences (al-
ternatives and criteria), intentions, expectations, emotions and
mood. It can also be used (as demonstrated in Carneiro et al.
(2017a)) in algorithms that aim to improve the satisfaction of
decision-makers (and the group), and can also serve as a metric
to evaluate the ability of different negotiation models or GDSS
to enhance decision quality. This model was formulated based
on a set of previously defined assumptions and premises. This
contribution allowed to accomplish Objective 4. It was possi-
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ble to verify the advantages and usefulness of this satisfaction
model in several studies Carneiro et al. (2016a, 2017e).

3. A model to represent the intentions of decision-makers through
the use of behavioral styles.

A strong contribution of this work was the proposal of a model
to configure agents with behavior styles, to reflect the inten-
tions of the decision-makers they represent. In this model, five
different behavioral styles that vary according to four dimen-
sions were proposed. To find the operating values of the dimen-
sions, a case study with real participants (64) was conducted.
The study allowed not only to find the operating values, but
also to verify that the evaluations performed by the participants
were homogeneous, thus demonstrating the participants had
the same perception of each of the behavioral styles. This con-
tribution allowed to achieve Objective 3 and is described in
Section 3.2.

4. A dynamic dialogue-based argumentation model adapted to be
used in Web-based/Ubiquitous GDSS considering affective as-
pects.

One of the major contribution of this work was the formulation
of a dialogue-based argumentation model adapted to support
group decision-making, in which group elements are geograph-
ically dispersed. This model allows the agents to practice dif-
ferent types of dialogues and considers the preferences and in-
tentions of the decision-makers regarding the decision problem.
The specification of the model is used both to represent the mes-
sages exchanged by the agents and the messages exchanged by
the decision-makers, allowing a mutual advantage of the knowl-
edge generated by both parties. The evaluation of the requests
made by the agents considers cognitive and affective aspects.
This model takes advantage of the benefits associated with face-
to-face group decision-making in that it encourages and enables
decision-makers to participate in the process and allows agents
to use the messages created by decision-makers to engage in
new dialogues. In addition, the dialogues made by the agents
are perceptible to the decision-makers, allowing them to under-
stand the reasons why a particular solution is proposed, and the
whole process is taking into account not only the preferences
of the decision-makers but also their intentions. Several stud-
ies were conducted using this model, which allowed us to per-
ceive the advantages associated with the use of agents modeled
with behavioral styles, as well as how the evaluation that the
decision-makers make of the messages they receive affects the
dialogue carried out by the agents. This contribution allowed to
achieve Objectives 2 and 5, and is described in Section 3.5.
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5. A general template to configure multi-criteria problems in Web-
based/Ubiquitous GDSS.

One of the factors that can affect the acceptance of a GDSS is
the complexity associated with the configuration of the prob-
lem. Due to the type of schedule of executives and top man-
agers, matters such as time and ease of configuration are key
factors for the system acceptance. Therefore, a general template
to configure multi-criteria problems in Web-based GDSS has
been proposed. Specifying a multi-criteria decision problem us-
ing this template has proven to be easy and fast. This template
is organized in 3 sections: Problem Data, Personal Configura-
tion and Problem Configuration. The Problem Data section is
where all the information related to the problem is presented;
Personal Configuration section allows the decision-maker to
configure "personal" issues such as expertise level, credibility
of other decision-makers, his agent’s behavior style, etc.; and
the Problem Configuration section serves to configure the prob-
lem’s alternatives and evaluation criteria, to select the preferred
alternatives, whether the configured data is public or not, etc.
The configuration of the alternatives and criteria is performed
using sliding bars, which due to the way they are arranged al-
lows the decision maker (even if unconsciously) to make a com-
parison between the various alternatives/criteria at the time of
configuration. A case study involving real decision-makers was
conducted, where 73.33% of the users considered the template
as an easy way to configure the problem, 23.33% were unde-
cided and only 3,33% did not consider the template easy to use.
Relatively to how fast it was to configure the multi-criteria prob-
lem using this template, the big majority (86.66%) felt satisfied
with the configuration speed and only 13,3% were undecided.
100% of the users considered they were prepared to use this
template if they had to repeat the experience. The configuration
times of each point were quite good. The average configuration
time was 188.53 seconds (a bit more than 3 minutes). The slow-
est user took almost 6 minutes to configure the problem, the
second slowest took 310 seconds and the third took 298 seconds
(almost 5 minutes). Only 2 users required more than 5 minutes
(6.66%). This contribution allowed to achieve Objective 6.

6. A model and an algorithm to analyze tendencies regarding the
number of supporters for each alternative along the process.

This contribution was published in Carneiro et al. (2017a) and
consists of a tendency analysis model with the goal to improve
the agents’ intelligence (improving the quality of the decision-
making as well as the group’s capacity to achieve a consensus).
For that, agents representing decision-makers analyze the alter-
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natives’ tendency and continuously use an algorithm to iden-
tify situations where they should reformulate their objectives.
With this algorithm, when the agents verify they will not be
able to reach the preferred solutions (since if they continued try-
ing to reach the preferred solutions they would run the risk of
obtaining a less preferred), they try conquering solutions of in-
termediate interest (from the perspective of the decision-maker
they represent). When an agent identifies a tendency, it means
that there is a "flock" effect on a given alternative. In order to
"evaluate" the alternatives based on this algorithm, agents use
a formula that verifies for a given alternative, according to their
behavior style, i.e., their interest in achieving their own goals
and the goals of others, which one gives them the most guar-
antees. It was verified that the agents that used this algorithm
(in the most complex scenario), on average reached a superior
consensus in 65% of the situations, compared to those who did
not use it, which only reached a superior consensus in 12% of
the situations. Regarding satisfaction, the agents that used the
algorithm reached a superior satisfaction in 93% of the times.
This contribution allowed to achieve Objective 2.

7. An algorithm that allows agents to reason about self-expertise
and the other decision-makers’ credibility.

Another contribution was the development of an algorithm that
allows agents to consider the evaluator’s assessment of his ex-
pertise level and of the credibility of other decision-makers re-
garding the problem in question. With this algorithm, agents
are able to check if conditions are met so that new alternatives
can be added to their list of possible solutions. In addition, a
formula that allows agents to reorder their objectives and start
(if fitting) making requests for another alternative has been pro-
posed. Agents consider the satisfaction prediction the decision-
maker they represent will get with the solution, taking into ac-
count the self-expertise and the evaluation of the other decision-
makers’ credibility. In the paper in which this work was pub-
lished Carneiro et al. (2017e), a study was also presented, hav-
ing verified that, fundamentally in the most complex scenarios,
the agents that used this algorithm reached higher levels of con-
sensus in 87.5% of the times, whereas those who did not use
it only reached it in 8.5% of the times. It was also verified that
the agents who used this algorithm reached higher satisfaction
levels in 66% of the times compared to those did not use it. This
publication (Carneiro et al., 2017e) was invited to be extended in
the journal "Expert Systems" and has already been accepted for
publication (Carneiro et al., 2017d). This contribution allowed
to achieve Objectives 2 and 3.
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8. Introducing new ideas regarding intelligent reports.

Another contribution of the work developed during this PhD
was the introduction of what we called "intelligent reports", i.e.,
mechanisms/algorithms to (intelligently) report information to
the decision-makers throughout the decision process. Litera-
ture on reporting and group decision-making was related, hav-
ing proposed three factors that should influence the format of
the report presented to a decision-maker: expertise level, avail-
able time (Time) and level of interest in the process. Different
approaches have been presented taking into account the rela-
tionship between the decision-maker’s expertise level and the
time he had available to allocate to the decision-making pro-
cess. In addition, a set of topics and sub-topics that should af-
fect the structure and content of an intelligent report were dis-
cussed: Data, Affective Issues, Relationships, Interpersonal Con-
flicts and Usability. This work is already being followed by an-
other researcher who took up our initial proposal and presented
a set of algorithms to select the topics that should be included
in the report of a given decision-maker (Conceição et al., 2016).

9. A MCDA method that includes cognitive aspects.

A work not initially in our plans was the development of a
method for multicriteria decision analysis. Assuming that it
is possible to reach better quality decisions considering cog-
nitive aspects, a MCDA method denominated Cognitive An-
alytic Process (CAP) that considers aspects such as: expertise
level, credibility and behavior style of the decision-makers, has
been proposed. In the CAP, the criteria are classified through
an algorithm like: Very important criterion, Important Crite-
rion, Medium Criterion, Not important criterion and Insignif-
icant criterion. The criteria are then balanced taking into ac-
count the level of expertise that the decision-maker considers
to have in the problem in question, and the assessment each
decision-maker makes of the other decision-makers credibility.
In comparison to the MCDA methods that are a reference in
literature, such as AHP and TOPSIS, the CAP demonstrated to
allow more satisfactory decisions. This contribution is presented
in Section 3.4 of this document.

10. Other (minor) contributions.

In addition to the contributions previously presented, other mi-
nor contributions were accomplished during this doctorate. In
Carneiro et al. (2017g) a model of agent communication that al-
lows to have a type of communication similar to what happens
in face-to-face meetings between real decision-makers was pro-
posed. Due to technological issues, it was noticed that even in a
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group setting, there were agents who sometimes acted accord-
ing to knowledge that other agents did not yet have, when this
knowledge should have been available to all agents at the same
time (copying the actual operation in which when one decision-
maker speaks, all the others receive the message at the same
time). This situation created disadvantages, which should not
happen. In order to overcome this problem, a communication
model for agents has been proposed which guarantees that, as
in reality, agents always act in possession of the same knowl-
edge when this knowledge is stated "publicly". Architectures
for Web-based/Ubiquitous GDSS were proposed in Conceição
et al. (2017) and Martinho et al. (2017). The proposed architec-
tures were designed according to the assumptions of "anytime"
and "anywhere" ubiquity. In Conceição et al. (2017), a Service
Oriented Architecture approach was used, focusing on the pos-
sibility of including in a GDSS (that can be used through almost
any type of technological device) the various functionalities that
have been presented in this document (creation of solutions, in-
telligent reports, configuration of problems, etc.). In Martinho
et al. (2017), a programmers’ approach was presented, i.e. for
people wishing to develop their own GDSS including affective
aspects and meeting ubiquity assumptions.

4.2 validation of the research hypotheses

This work was carefully elaborated following the scientific method.
The presented methods and the conducted experiments Chapter 3

aimed to study the hypotheses that were enumerated in Section 1.2
of this document. Those hypotheses are furtherly discussed and
validated in this section. We can consider that the formulated
hypotheses fit into the 4 topics discussed subsequently.

Satisfaction or Perception of the Decision Quality

It was verified in literature that there were no strategies to predict sat-
isfaction, or the perception of the decision quality, of decision-makers
in which the elements of the group are dispersed and the process
is supported by a GDSS. As we have seen previously, the ability to
predict satisfaction with reasonable accuracy has many uses. First, it
allows each agent to "work" in a way that seeks to maximize the sat-
isfaction of the decision-maker it represents, which means that the
agent, besides orienting himself according to the preferences of the
decision-maker, can also use a metric to compare the impacts of dif-
ferent solutions. Second, agents can cooperatively use this metric to
maximize group satisfaction, or the satisfaction of other agents they
wish to "please". Third, it can be used as a metric to evaluate the
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capability to enhance satisfaction of different automatic negotiation
models, methods of Multi Criteria Decision Analysis, and even deci-
sion support systems.

No studies (in the computer science field) that could serve as a
basis for developing this model were found, so it was necessary to
perform work to identify the factors that are taken into consider-
ation by humans (even unconsciously) in their formulation of the
perception of the decision quality. The works of E. Tory Higgins
were of great inspiration, namely the "Making a good decision:
value from fit" (Higgins, 2000). From the literature, it was possible
to create assumptions and premises of ideas that are relatively
consensual, originating the paper Carneiro et al. (2015a). From
this knowledge, it was possible to formulate a satisfaction model,
which went through different stages until approaching the one
proposed in the paper Carneiro et al. (2017f). Considering how the
formulation of the satisfaction model obeys the assumptions and
premises previously defined, we can say the hypothesis "It is possible
to predict the decision-makers’ perception of the decision quality"
has been verified. This means that the satisfaction model correctly
expresses (mathematically) the assumptions identified in Carneiro
et al. (2015a), for example: "When expectations are exceeded the final
satisfaction will be positively affected" and "A positive emotional
cost positively affects the final satisfaction". However, according to
the preliminary results of a paper that is being written (that extends
the proposal in Carneiro et al. (2017f)), we can anticipate that the
satisfaction model can predict the decision-makers’ perception of the
decision quality with a fairly high degree of accuracy. With respect
to the hypothesis "If we predict the decision-makers’ perception
of the decision quality, we can use this prediction in a negotiation
model in order to maximize the decision quality", we can also affirm
it has been verified. In addition to the obvious advantages that
the model demonstrated in the papers published in Carneiro et al.
(2016a, 2017e), it was specifically possible to verify this hypothesis in
the works published in Carneiro et al. (2016b, 2017a). In addition, in
the work published in Carneiro et al. (2017a), it was also possible to
verify that the agents with the capacity to predict satisfaction were
able to obtain higher levels of satisfaction in 93% of the times and
higher levels of consensus in 65% of the times. Moreover, the agents
with the ability to predict satisfaction proved to be more capable as
the more complex the problem was.

Argumentation-based Dialogue Model

To study the topic of automatic negotiation, more specifically of
argumentation-based negotiation models, is quite interesting and "dif-
ferent". First, the groups of researchers who are dedicated to the study
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of argumentation-based negotiation models are well identified. Sec-
ondly, the existing works are very well defined, which allows a very
direct comparison between the proposal of a new work and others
that already exist. Finally, there is a very well defined verification
of the problem formulation and of the validity of the models pre-
sented. This verification seems reminiscent of the theoretical physi-
cists’ modus operandi, which causes some confusion, since they all
should have the objective of being able to be implemented in real sys-
tems. An argumentation-based negotiation model, or in the case of
this work (and more specifically) an argumentation-based dialogue
model, adapted to the context of supporting dispersed groups in
decision-making presents very particular characteristics. This is due
to the need of having agents able to present a great level of versa-
tility, since several types of dialog are used: negotiation, persuasion,
inquiry, information seeking, etc. Moreover, there is no concrete def-
inition as to whether these agents should be collaborative or com-
petitive. If we think from the point of view of the company they
represent, they should be collaborative. However, purely collabora-
tive agents would lose their ability to analyze and achieve their own
goals, which would lead to poorly reflected and low quality solutions.
Therefore, agents must be sufficiently competitive in order to achieve
what they believe to be the best solution for them and for the group.
As we have seen in Section 2.3.2, the most relevant works present spe-
cific formulations for a type of dialogue (negotiation, persuasion, etc.)
and are mostly thought of (tested) for one-to-one dialogues. In fact,
several recent papers and prestigious researchers in the area of argu-
mentation mention that, as future work, they intend to adapt their
formulations to multiple agents. In addition, the recent proposals of
argumentation-based dialogue models that are adapted to the context
of group decision-making support do not take advantage of the bene-
fits associated to the face-to-face group decision-making processes. In
order to meet the benefits associated with group decision-making, the
work proposed in this thesis followed a set of essential characteristics:

• Potentiate the decision quality: This means that there should be
no obligation to present a solution at the end of the first simu-
lation run. Sometimes decision-makers are not yet in a position
to make a conscious and thoughtful decision, the GDSS must
be able to demonstrate that state. Decision-makers need time
to reflect on other points of view that are being presented. It is
necessary to create conditions under which ideas can mature;

• Be able to present the reasons why an alternative is proposed
as a solution: If decision-makers do not understand the reasons
why a decision is proposed, this will generate mistrust. Justi-
fying the reasons for the proposal of a solution helps decision-
makers to reflect and understand those reasons. Only in this
way the system can become a credible element;
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• Allow to add new and dynamic knowledge, in the sense that
what is now true, may not be so tomorrow: The argumentation-
based dialogue model cannot follow a set of steps known before-
hand. Decision-makers should be free to enter new knowledge
and the system must be able to deal with this new knowledge.
Otherwise, decision-makers will feel limited, without the ability
to express what they think and share the knowledge they want
to convey.

As one can perceive, to reach these characteristics a model/system
that allows a series of functionalities that are considered current chal-
lenges in the literature was needed. The type of dialogue practiced
by the agents must be highly dynamic and the dialogues shall be per-
formed by N agents simultaneously. In addition, there was a need for
a formulation that allows decision-makers to insert new knowledge,
which in turn can be used by the agents and that the justification of
the solutions proposed by them is perceptible to the decision-makers.
The models here presented were successfully implemented in the de-
veloped prototypes that supported the conducted case studies. This
means the models have proven to work perfectly over tens of thou-
sands of simulations.

The hypotheses "An argumentation-based negotiation model is ca-
pable of improving the intelligence (of the agents or entities) and not
only to reason about a solution", "it is possible for both agents and
decision-makers to use a dialogue which is clear to everyone involved
in the decision-making process" and "it is possible for both agents and
decision-makers to take advantage of the knowledge which is gener-
ated" were verified in the papers published with the titles" Carneiro
et al. (2017b) and Carneiro et al. (2017c). As we could verify, the agents
were able to use the dialogue between the decision-makers by using
the evaluations that the decision-maker they represent made of the re-
ceived messages. It was also possible to verify that, besides the agents
being capable of using the messages created by the decision-makers,
the decision-makers are also capable of perfectly perceiving the dia-
logue between the agents. As verified in Carneiro et al. (2017b), agents
are also able to report other important information by grouping pref-
erences and producing other statistical data. It is therefore obvious
that both agents and decision-makers take advantage of the gener-
ated knowledge.

A point also relevant in the development of this work was the
creation of a model adapted to the needs of highly demanding
decision-makers, that is, people with a very busy schedule. For this,
a template was proposed in ref Carneiro et al. (2015b), where it was
found that a multi-criteria decision problem using this template has
an average configuration time of 188.53 seconds, which allowed us to
verify the hypothesis "it is possible to configure the preferences and
intentions of a complex multi-criteria problem without compromis-
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ing usability and within an acceptable time frame".

Modelling Agents with Behavior Styles

There are many works in literature that address the problem of mod-
eling behavioral styles (or other typical human attributes, such as
personality, emotions, conflict styles, etc.) in agents. However, many
of those proposals follow very dubious scientific methods, more pre-
cisely in terms of validation. In this work, we intended to study some
topics that already are morally accepted but were never really veri-
fied.

Specifically, and in order to meet the needs of this work, 3 topics
were studied: the possibility of the agents being able to act according
to the behavioral style with which they are defined, if the decision-
makers perceive a behavioral style in the same way, and what conse-
quences do behavior styles have in the ability to reach consensus and
enhance satisfaction.

With respect to the hypothesis "It is possible for decision-makers
to select behavioral styles to model computer agents in the context
of group decision-making so that the behavior of the agents is as ex-
pected by the decision-makers" proposed for this part of the work,
there are some notes worth mentioning. In this context, we deal with
a type of system (GDSS) that has constant interactions with users
(decision-makers). Users visualize information about the problem,
configure their intentions, preferences, and perform as many recon-
figurations as desired throughout the decision process. This means
that, even when assuming that there is a set of behavioral styles so
the decision-makers can select the type of behavior they want their
agent to have, and that these behavioral styles are defined without
any kind of failure, one need to know if there is an homogeneous un-
derstanding on the part of the decision-makers regarding the mean-
ing of each behavioral style. Let us assume that an agent modeled
with the "Avoiding" behavior style can act exactly like a real "Avoid-
ing" person would act in a decision context. Theoretically, this would
be fantastic and the goal would be achieved; still, let’s now imagine
that a decision-maker, when configuring his agent with the "Avoid-
ing" behavior, actually expects it to have "Obliging" behavior or to
have a resistance to change that is very different from that associated
with an "Avoiding". In this case, the existence of behavioral styles
would be of no use, since what decision-makers hope to achieve is
different from what is actually going to happen. As such, and in or-
der to verify this hypothesis, it was necessary to understand if there
is an homogeneous understanding regarding the operating values of
each behavior style in each of the proposed dimensions. In the work
proposed in the paper entitled "Representing decision-makers using
styles of behavior: an approach designed for group decision support
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systems" (Carneiro et al., 2017g), it was possible to verify high levels
of agreement in the meaning of each behavior style by the inquired
persons, which leads us to affirm that this hypothesis was verified.

The hypothesis "Computer agents can act according to the style of
behavior with which they are defined" was also studied in the paper
with the title "Representing decision-makers using styles of behavior:
an approach designed for group decision support systems" (Carneiro
et al., 2017g). In the hundreds of simulations that were ran, it was
possible to verify that the operating values of the agents lean towards
those with which they are modeled in each one of the dimensions.

The hypothesis "Agents that represent/support decision-makers in
the Ubiquitous/Web-based group decision-making process and that
use styles of behavior can obtain higher consensus and quality deci-
sions more easily" was also verified. In the paper entitled "Arguing
with Behavior Influence: A Model for Web-based Group Decision Sup-
port Systems" (Carneiro et al., 2017c) was demonstrated that agents
modeled with behavioral styles achieved higher satisfaction levels
70.2% of the times and higher consensus levels 74.3% of the times,
when compared to agents without a defined behavioral style.

The hypothesis "Agents with a higher level of concern for others ob-
tain higher satisfaction levels" was rejected. Although we initially con-
sidered that comparatively, agents with higher levels of concern for
others tended to obtain higher levels of satisfaction, this did not occur.
When scenarios composed of agents where everyone had the same
style of behavior were tested, we noticed that the Obliging agents
(which have the highest level of concern for others) had lower lev-
els of satisfaction than groups composed only by agents of the type
"Integrating", "Compromising" and "Avoiding". This ended up mak-
ing sense because it was a dysfunctional group where every agent
wanted to please the others, but where no agent "wanted to please
itself". With this we ended up formulating a new hypothesis "Agents
with a higher level of concern for others and a higher level of concern
for self obtain higher satisfaction levels", which in turn was confirmed.
Groups composed of agents in which every agent is "Integrating" or
"Compromising" can achieve higher levels of satisfaction. However,
as will be seen later, this does not imply that other styles of behavior
are "useless".

The hypothesis "Agents with a low concern for self obtain consen-
sus more easily" was rejected. Concern for self on its own does not
allow us to verify that the lower the concern for self the easier it is
to obtain the consensus. However, we have found that a low level
of concern for self combined with a high level of concern for others
substantially helps reaching consensus. Finally, the hypothesis "Us-
ing agents defined with a style of behavior is always advantageous"
was also rejected. It was verified that there are situations in which
behavior styles hinder the achievement of high levels of satisfaction,
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as well as the attainment of consensus, especially when all agents
are modeled with the "Dominating" style of behavior. However, we
could not verify this hypothesis with the already existing knowledge
and models, but in the future, it may be verified using new strategies.

Group Decision Support System

Some studies related to the developed prototypes were carried out
during this PhD, where some hypotheses of "lesser" relevance were
studied. However, the most important study was related to the hy-
pothesis "A cooperative decision system that uses agents modeled
with behavioral styles should be able to benefit from this heterogene-
ity and not present a biased functioning". Here the goal was to see
if, in practice, the whole approach actually proved to be useful and
reliable, i.e., to what extent the modelling of behavioral styles is in-
teresting for real decision-makers and, if in a real context, decision-
makers would not use strategies in the behavioral style selection with
the intent to control the outputs of the system instead of actually rep-
resenting their intentions. This hypothesis was verified. On the one
hand, in the study published in the paper entitled "Arguing with Be-
havior Influence: A Model for Web-based Group Decision Support
Systems" (Carneiro et al., 2017c), we had already verified that the lev-
els of satisfaction obtained by heterogeneous groups are higher than
those presented by groups composed of agents with the same behav-
ioral style (irrespective of the style); on the other hand, in the work
published in the paper with the title "Representing decision-makers
using styles of behavior: an approach designed for group decision
support systems" (Carneiro et al., 2017g), it was possible to verify that
there is no style of behavior that is always advantageous with respect
to others, which may avert those who wish to deceive the system.

4.3 dissemination of results and relevant work

To disseminate the results, a series of activities were carried out dur-
ing the PhD, which allowed to learn more, exchange ideas and evolve
both as a researcher and as a person. These activities are presented in
this section.

4.3.1 Other publications

During the curricular part (1st year) of this PhD it was taught the
meaning of the expression "Publish or Perish". The impact of this
teaching was great and it turned into the desire of always publishing
more and better. As such, besides those presented in Chapter 3 of
this document, many papers have been published. Below is the full
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list of the publications made during this PhD.

International Journals

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2017).
How cognitive and affective aspects can influence the outcome
of the group decision-making process. Expert Systems;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2017).
Arguing with behavior influence: A model for web-based group
decision support systems. International Journal of Information
Technology & Decision Making;

• Carneiro, J., Martinho, D., Marreiros, G., Jimenez, A., and No-
vais, P. (2017). Dynamic argumentation in ubigdss. Knowledge
and Information Systems, pages 1–37;

• Carneiro, J., Martinho, D., Conceição, L., Marreiros, G., and No-
vais, P. (2017). How the ability to analyse tendencies influences
decision satisfaction. Inteligencia Artificial, 20(59):8–20;

• Carneiro, J., Saraiva, P., Martinho, D., Marreiros, G., and Novais,
P. (2017). Representing decision-makers using styles of behav-
ior: An approach designed for group decision support systems.
Cognitive Systems Research;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2016).
Intelligent negotiation model for ubiquitous group decision sce-
narios. Frontiers of Information Technology & Electronic Engi-
neering, 17(4):296–308;

• Carneiro, J., Conceição, L., Martinho, D., Marreiros, G., and No-
vais, P. (2016). Including cognitive aspects in multiple criteria
decision analysis. Annals of Operations Research, pages 1–23;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2015).
A general template to configure multi-criteria problems in ubiq-
uitous gdss. International Journal of Software Engineering and
Its Applications, 9(11):193–206;

• Carneiro, J., Santos, R., Marreiros, G., and Novais, P. (2015).
Ubigdss: A theoretical model to predict decision-makers’ sat-
isfaction. International Journal of Multimedia and Ubiquitous
Engineering, 10(7):191–200;

• Carneiro, J., Marreiros, G., and Novais, P. (2015). Using satisfac-
tion analysis to predict decision quality. International Journal of
Artificial IntelligenceTM, 13(1):45–57;
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• Carneiro, J., Laranjeira, J., Marreiros, G., Freitas, C. F., and
Santos, R. (2012). A context-aware model to support ubiq-
uitous group decision making. J. Internet Serv. Inf. Secur.,
2(1/2):105–118.

Conference Proceedings and Book Chapters

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2017).
Including credibility and expertise in group decision-making
process: An approach designed for ubigdss. In World Confer-
ence on Information Systems and Technologies, pages 416–425.
Springer;

• Carneiro, J., Santos, R., Marreiros, G., and Novais, P. (2017).
Evaluating the perception of the decision quality in web-based
group decision support systems: A theory of satisfaction. In In-
ternational Conference on Practical Applications of Agents and
Multi-Agent Systems, pages 287–298. Springer;

• Martinho, D., Carneiro, J., Marreiros, G., and Novais, P. (2017).
Defining an architecture for a ubiquitous group decision sup-
port system. In International Symposium on Ambient Intelli-
gence, pages 246–253. Springer;

• Conceição, L., Carneiro, J., Marreiros, G., and Novais, P. (2017).
A soa web-based group decision support system considering
affective aspects. In Portuguese Conference on Artificial Intelli-
gence, pages 65–74. Springer;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2016).
The effect of decision satisfaction prediction in argumentation-
based negotiation. In International Conference on Practical Ap-
plications of Agents and Multi-Agent Systems, pages 262–273.
Springer;

• Conceição, L., Carneiro, J., Martinho, D., Marreiros, G., and No-
vais, P. (2016). Generation of intelligent reports for ubiquitous
group decision support systems. In Global Information Infras-
tructure and Networking Symposium (GIIS), 2016, pages 1–6.
IEEE;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2016).
Introducing dynamic argumentation to ubigdss. In Distributed
Computing and Artificial Intelligence, 13th International Con-
ference, pages 471–479. Springer;

• Carneiro, J., Conceição, L., Martinho, D., Marreiros, G., and No-
vais, P. (2016). Intelligent reports for group decision support
systems. In Intelligent Environments 2016: Workshop Proceed-
ings of the 12th International Conference on Intelligent Environ-
ments, volume 21, page 4. IOS Press;
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• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P. (2015).
Individual definition of multi-criteria problems in ubiquitous
gdss. Adv. Sci. Technol. Lett, 97:99–106;

• Martinho, D., Carneiro, J., Marreiros, G., and Novais, P. (2015).
Dealing with agents’ behaviour in the decision-making process.
In Intelligent Environments (Workshops), pages 4–14;

• Carneiro, J., Marreiros, G., and Novais, P. (2015). An approach
for a negotiation model inspired on social networks. In Inter-
national Conference on Practical Applications of Agents and
Multi-Agent Systems, pages 409–420. Springer;

• Carneiro, J., Martinho, D., Marreiros, G., and Novais, P.
(2015). Defining agents’ behaviour for negotiation contexts. In
Portuguese Conference on Artificial Intelligence, pages 3–14.
Springer;

• Carneiro, J., Santos, R., Marreiros, G., and Novais, P. (2014).
Overcoming the lack of human-interaction in ubiquitous group
decision support systems. Advanced Science and Technology
Letters, 49:116–124;

• Carneiro, J., Santos, R., Marreiros, G., and Novais, P. (2014).
Understanding decision quality through satisfaction. In Inter-
national Conference on Practical Applications of Agents and
Multi-Agent Systems, pages 368–377. Springer;

• Laranjeira, J., Marreiros, G., Carneiro, J., and Novais, P. (2013).
An emotional aware architecture to support facilitator in group
idea generation process, pages 299–306. Springer;

• Carneiro, J., Laranjeira, J., Marreiros, G., and Novais, P. (2012).
Analysing participants’ performance in idea generation meeting
considering emotional context-aware. In ISAmI, pages 101–108.
Springer;

• Laranjeira, J., Freitas, C., Marreiros, G., Ramos, C., and Carneiro,
J. (2011). A digital secretary for smart offices setup up. Ambient
Intelligence-Software and Applications, pages 69–76;

• Laranjeira, J., Marreiros, G., Freitas, C., Santos, R., Carneiro,
J., and Ramos, C. (2011). A proposed model to include social
and emotional context in a group idea generation support sys-
tem. In Privacy, Security, Risk and Trust (PASSAT) and 2011

IEEE Third Inernational Conference on Social Computing (So-
cialCom), 2011 IEEE Third International Conference on, pages
609–612. IEEE;
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• Carneiro, J., Santos, R., Marreiros, G., and Laranjeira, J. (2011).
A theory to measure participant satisfaction in a meeting sup-
ported by a gdss. EPIA, Lisboa, Portugal.

4.3.2 Participation and Organization of Events

During this PhD there was the opportunity to participate and
contribute to the organization of national and international scientific
events. These opportunities allowed to live new experiences as well
as to learn from other researchers from different backgrounds and
cultures.

Organization of Events

• International Conference on Ambient Intelligence (ISAmI 2017):
ISAmI is the International Symposium on Ambient Intelligence,
aiming to bring together researchers from various disciplines
that constitute the scientific field of Ambient Intelligence to
present and discuss the latest results, new ideas, projects and
lessons learned. Participated as a member of the organizing
committee;

• International Conference on Distributed Computing and Arti-
ficial Intelligence (DCAI 2016): The DCAI is an annual forum
that will bring together ideas, projects, lessons, etc. associated
with distributed computing and artificial intelligence, and their
application in different areas. Participated as a member of the
program committee;

• International Symposium on Intelligent Distributed Computing
(IDC 2015): IDC is a symposium focused on the emergent field
of Intelligent Distributed Computing and the development of a
new generation of intelligent distributed systems. Participated
as a member of the organizing committee;

• Doctoral Symposium on Informatics Engineering (DSIE 2012):
The DSIE is a focal point for academic efforts in all areas of
research and innovation, involving all areas of informatics and
informatics engineering. The main goal of the conference is to
leverage new advancements on these areas, including new ap-
proaches and methodologies contrasting and expanding on the
current state of the art. Participated as a member of the organiz-
ing and scientific committee.
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Participation in Events

• Encontro Português de Inteligência Artificial (EPIA) 2017, Porto,
Portugal;

• International Conference on Practical Applications of Agents
and Multi-Agent Systems (PAAMS) 2017, Porto, Portugal;

• International Conference on Practical Applications of Agents
and Multi-Agent Systems (PAAMS) 2016, Seville, Spain;

• Global Information Infrastructure and Networking Symposium
(GIIS) 2016, Porto, Portugal;

• Distributed Computing and Artificial Intelligence (DCAI) 2016,
Seville, Spain;

• International Conference Ubiquitous Computing and Multime-
dia Applications (UCMA) 2015, Porto, Portugal;

• International Conference on Practical Applications of Agents
and Multi-Agent Systems (PAAMS) 2015, Salamanca, Spain;

• Encontro Português de Inteligência Artificial (EPIA) 2015, Coim-
bra, Portugal;

• International Conference on Software Technology (SofTech)
2014, Yeosu, Korea;

• International Conference on Practical Applications of Agents
and Multi-Agent Systems (PAAMS) 2014, Salamanca, Spain;

• Distributed Computing and Artificial Intelligence (DCAI) 2013,
Salamanca, Spain;

• International Symposium on Ambient Intelligence (ISAmI)
2012, Salamanca, Spain;

• Doctoral Symposium on Informatics Engineering (DSIE) 2012,
Porto, Portugal;

• Encontro Português de Inteligência Artificial (EPIA) 2011, Lis-
bon, Portugal;

• European Conference on Artificial Intelligence (ECAI) 2010, Lis-
bon, Portugal.

4.3.3 Invited Presentations

Besides the presentation of the published scientific articles, the re-
search work was also addressed in invited talks and tutorial demon-
strations. The list of oral presentations made in this context was the
following:
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• New trends in Group Decision Support Systems: presentation
to the students of the Masters in Computer Engineering of the
School of Technology and Management of Polytechnic of Porto
(2015);

• UbiGDSS Communication Issues in Emergency Contexts: Guest
speaker in the 8th International Conference on Crisis and Emer-
gency Management (2014);

• Developing Multi-Agent Systems with the Open Agent Archi-
tecture (OAA): presentation to the students of the Masters in
Medical Computing and Instrumentation Engineering of the In-
stitute of Engineering of Polytechnic of Porto (2012).

4.3.4 Lecturing

During the doctoral programme, the doctoral candidate was invited
to be a guest professor at the School of Technology and Management
(Polytechnic of Porto). The list of lectured courses was the following:

• Software Development Laboratory (2017-2018), Recitations;

• Structured Processing of Information (2016-2017), Laboratory
Practice;

• Software Development Laboratory (2016-2017), Recitations and
Laboratory Practice;

• Structured Processing of Information (2015-2016), Laboratory
Practice;

• Software Development Laboratory (2015-2016), Recitations and
Laboratory Practice;

• Data Structures (2014-2015), Laboratory Practice;

• Intelligent Systems (2012-2013), Laboratory Practice.

4.3.5 Supervision of Students

During the doctoral programme, the doctoral candidate co-
supervised, along with Professor Maria Goreti Carvalho Marreiros,
master students and undergraduate students that developed work in
the context of this thesis at the Institute Polytechnic of Porto. The list
of students and their respective dissertation titles was the following:

• Luís Manuel Conceição (2017), Masters in Computer Engineer-
ing, Dissertation: "Sistema de Apoio à Tomada de Decisão em
Grupo baseado em web que considera aspetos cognitivos";
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• Branca Sofia Silva (2016), Graduation in Computer Engineer-
ing, Dissertation: "Sistema Multi-Agente para Suportar Diálo-
gos num Contexto de Tomada de Decisão em Grupo";

• Leonardo Machado (2016), Graduation in Computer Engineer-
ing, Dissertation: "Agent Development Framework for Group
Decision Making";

• Diogo Emanuel Martinho (2015), Masters in Computer Engi-
neering, Dissertation: "Desenvolvimento de uma Framework de
Argumentação para Apoio à Tomada de Decisão Ubíqua".

4.4 final remarks and future work considerations

The Web-based/Ubiquitous Decision Support Systems present (theo-
retically) a set of benefits and potentialities that are recognized in the
community. Yet, the problems of acceptance posed by this type of sys-
tems are overly evident. During the implementation of the work de-
scribed in this document, new strategies were developed to overcome
certain previously identified problems. In addition, some hypotheses
that were already morally accepted in the literature, were studied and
verified.

In spite of the various proposed models, algorithms and formula-
tions comprising what is really relevant in terms of scientific work (in
its contribution to the state of the art) and consequently as evaluation
material, during this work there was a great interest in reflecting and
dialoguing on this topic in order to hear other points of view, and
also in taking advantage of the scientific meetings to see how other
researchers would react to our ideas.

In this work, the decision-maker and the group of decision-makers
are taken as the central element, rendering everything else to be cre-
ated to meet the needs of this element. As such, it was critical to
understand the benefits associated to group decision-making. What
are the benefits of making group decisions? What are the necessary
conditions to take advantage of group decision-making and achieve
those benefits? It was with the answers to these questions in mind
that this work was developed, which led to the ideas shared in the
scientific meetings over the last years.

With this work, we believe that we seed a new perspective on how
to approach this problem. The obtained results permitted to verify
that this approach allows to reach/achieve positive results that must
be explored. It has also been found that there is much work that can
and should be done after the one presented here. As for future work
there is a special interest in:

• Working on strategies that allow agents to intelligently use the
assessments that the decision-makers make of the messages, in
particular for building smarter dialogues;
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• Developing intelligent reporting mechanisms that allow the in-
formation that an agent reports to the decision-maker it repre-
sents, to be structured, organized and oriented according to the
interests and intentions of that decision-maker;

• Adapting the developed prototype to a specific context to be
able to study other needs of the decision-makers and to refine
the proposed models;

• Creating smarter models to deal with situations identi-
fied/deemed as "complex". That is, specific models to deal with
situations in which there are, for example, several agents with a
"Dominating" behavior style, or when all agents are "Avoiders";

• Developing a framework where the information will be anal-
ysed using multidimensional matrices. This way, agents will be
able to use the knowledge generated by that analysis and im-
prove their ability to make requests and consequently evaluate
them;

• Studying the possibility of using two types of "Avoider" agents,
to be able to represent those who are "Avoiders" because they do
not want to participate and those who are "Avoiders" because
they lack the ability to participate.
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