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Abstract

We are living a change of paradigm regarding decision-making. On the one hand, there is a growing need
to make decisions in group at both professional and personal levels, on the other hand, it is increasingly
difficult for decision-makers to meet at the same place and at the same time. The Web-based Group
Decision Support Systems intend to overcome this limitation, allowing decision-makers to contribute to
the decision process anytime and anywhere. However, they have been defined inadequately which has
been compromising its success. This work discusses the current Group Decision Support Systems
limitations in terms of challenges and possible impediments for their acceptance by the organizations and
propose a conceptual definition of a Web-based Group Decision Support System that intends to overcome
the existing limitations and help them to affirm as a reliable and useful tool. In addition, some crucial
topics are addressed, such as communication and perception, that are essential and sometimes forgotten in
the support of dispersed decision-makers. We concluded that there are still some limitations, mostly in
terms of models and applications, that prevent the design of higher quality systems.
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1. Introduction

A group decision-making process consists in a process in which a group of people act collectively in
order to select one or more alternatives to solve a certain problem [1]. Today, in large organizations, most
decision-making processes (strategic and operational) are carried out in a group. There are several reasons
why this is so, such as: it is believed that it is possible to make better decisions in group [2, 3] and the
current organizational structure of organizations demand it [4]. When a 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. To share workloads, to leverage the decision quality, to benefit from the stakeholders’
support or help the less experienced group members are other pertinent reasons that justify making
decisions in group [5-7]. Nevertheless, it is important to create the right conditions so the groups can take
advantage of the group decision-making to perform certain tasks, such as generating ideas and solutions
through the group interaction [8-10]. It is argued that members can enhance their ability to learn and
stimulate their cognitive level with the group decision-making process [3, 11].

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 face-to-face meetings and therefore, many benefits

associated to the typical group decision-making process are lost. The Web-based Group Decision Support
Systems (GDSS) have been studied since the beginning of the 21st century and they intend to support the



group decision-making process anytime and anywhere [12]. They distinguish from conventional GDSS
because they operate on the Web, which make them available by simply having an internet connection
[13]. However, if the general opinion is that these systems are crucial for the current times, they have
been struggling to impose, as is demonstrated by the low acceptance showed by the organizations [12].
The research under this area has been mostly oriented to study models that are capable of proposing
solutions according to the decision-makers’ preferences. However, a group decision-making process is
much more than just an outcome [14]. In face-to-face meetings, decision-makers communicate (through
verbal and nonverbal communication) in order to exchange perspectives, allowing them to reason, to
argue, and to create new intelligence [15]. In addition, in face-to-face scenarios there is an implicit
process that is respected and in which all the interaction occurs. That means, the process has a time
dimension responsible for changing the state of the decision and of all those involved. It is all this
interaction that composes the process that makes face-to-face meetings advantageous when compared
with individual decision-making [16]. Therefore, a system that does not allow decision-makers to benefit
from those advantages, will not be seen as a valuable asset and consequently as something worth to use.
Even if just hypothetically, it is capable of proposing the best solution for a certain problem according to
the decision-makers’ preferences, but it is not capable of “explaining” the reasons behind that proposal,
two things can happen: (1) the system will not be seen as reliable and the proposal can be seen as some
kind of guess and (2) this behavior will impede the creation of new intelligence which annihilates all the
advantages associated to conventional group decision-making.

In this work, two main contributions are made: the first one is the reflection on the current state of web-
based group decision support systems, namely on what its limitations are and the possible impediments to
their acceptance by the organizations, focusing on contexts with dispersed decision-makers. The second is
the proposal of a conceptual Web-based GDSS especially designed for dispersed group decision-making,
with a microservices-based architecture, which aims to address the problems identified in this work. The
proposed approach presents a set of essential features we believe can help achieve the success and
acceptability of the system. Considering these features, a set of strategies to implement them is also
proposed. In addition, some important topics sometimes ignored under the group decision-making context
are addressed.

The rest of the paper is organized in the following order: in the next Section, a brief history of Group
Decision Support Systems is presented. Section 3 describes the current biggest challenges of GDSS. In
Section 4 the Web-based Group Decision Support System conceptual model is presented, mostly in terms
of features and architecture. Section 5 presents the discussion. Finally, some conclusions are put forward
in Section 6, alongside with suggestions of work to be done hereafter.

2. A Brief History of Group Decision Support Systems

In 1984, DeSanctis and Gallupe [17] 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 decisions”. These systems were called Group Decision Support Systems. These two researchers
decided to study GDSS and their technological and functional requirements resulting in one of the first
GDSS taxonomic approaches which categorized GDSS in four scenarios (decision room, teleconference,
local area decision network and remote decision-making [17]). According 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.

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 physically at the same place, they are aware of the existence of others,
realizing they are part of a group that is making a decision.

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 the exchanged information and the decision-making results change
when groups are extremely large, originating irregular communication [18]. Due to these factors, the
group size and members’ proximity during the meeting 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.

As most part of technological innovations, GDSS appeared to facilitate the accomplishment of tasks long
practiced by humans. Huber [6] defined GDSS as computer-based interactive systems that help to solve
unstructured problems (problems with incomplete or ambiguous information), and, according to, Straub
and Beauclair [19] that improves the decision quality. They assume a GDSS can help groups 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 support
decision-making in groups. It can be exemplified by systems such as video conference, and interactive
software like forums and distributed networks. Throughout the history of development and growth of
GDSS, there was a feeling that the quality of the decisions made by groups would become better with
their use [19, 20]. The research in this area has always brought to light two main concerns: to improve the
efficiency and effectiveness of a decision [21].

In the early 90’s, the majority of existing GDSS were of synchronous type [22]. However, the interest in
systems that do not restrict participants both in terms of decision and meeting time fostered the
development and study of asynchronous GDSS. Cao and Burstein [23] referred that there was a major
concern in investigating 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. It is also important to acknowledge
that these research directions were introduced when important tools to build decision support systems
emerged, such as: data warehouses, online analytical processing, data mining and web-based decision
support systems [24]. In the beginning of the new millennium, studies that compare the two forms
(synchronous and asynchronous) started to appear, seeking to understand which one brings more
advantages to the decision process [24-26]. An asynchronous mean of discussion provides an
environment where richer and with greater coordination discussions can occur. This can happen due to
the asynchronous interaction self-nature, which allows reflecting upon, the generation of new ideas, and
the discussion of more issues when compared to face-to-face meetings. The effort of asynchronous
discussions is superior to the effort in synchronous systems since the participants need to accompany the
process for a longer period. On the other hand, synchronous meetings are not so well structured, which
sometimes makes it impossible to identify who came up with an idea or to justify the reason behind a
particular decision. The GDSS approaches based on synchronous and asynchronous systems obviously
have advantages and disadvantages, but they are not enough to fulfill all the needs by themselves. The
markets globalization imposes decision-makers (like chief executive officers, managers, etc.) to scatter
around the world in countries with different time zones [27]. This means that the group decision-making
paradigm has changed so much that the need to support decision-makers anytime, anywhere and through
almost any kind of device, is no longer an issue that is up for a pros/cons debate but rather a mandatory
one.

Seeking to address this new decision-making paradigm in an era in which the internet access has been
massified, the Web-based GDSS emerged as the silver bullet. The Web has become an important
milestone in the history of the GDSS. At the beginning of the 21st century, the Web-based GDSS became
the main focus of study within the theme of decision-making support. Basically, a Web-based GDSS is a
GDSS that provides support to the decision-making by means of a Web browser [28]. With the study of
Web-based GDSS it was not long before solutions for different kinds of devices started to appear (via
browser), such as: tablets, smartphones and desktops.

3. Group Decision Support Systems: Current Challenges

For more than three decades that GDSS have being widely studied to support groups in the decision-
making process. However, (especially) large organizations have passed through an immense globalization
in the last twenty years, forcing many decision-makers to be geographically dispersed and in different
time zones [29, 30]. As a consequence, it is particularly complex to support a group decision-making
process, since further issues can arise like: failing to capture contextual information, communication
misunderstandings, unevenly distributed information and the difficulty to interpret the sense of silence



[31]; and temporal issues, which can originate: ambiguity, conflicting temporal interests and
requirements, and scarcity of temporal resources [32, 33]. Like mentioned previously, to provide an
answer and try to operate correctly in this type of scenarios, the traditional GDSS have evolved to what is
identified today as Web-based GDSS [34-36].

In this section, some of the most important challenges and issues currently faced by GDSS are discussed
in the light of four major topics: the decision-making process, the decision-makers representation, the
kind of information provided by GDSS to decision-makers and the GDSS evaluation.

3.1. The Decision-Making Process

The decision-making process consists in the selection of one or more alternatives as the solution for a
certain problem [4]. As we have seen, most decision-making processes that occur in large organizations
are performed by groups. It is proven that groups achieve qualitatively and quantitatively superior
performances than individuals [2, 3, 37], but obviously, there are disadvantages associated to the group
decision-making process, such as the time used by decision-makers to discuss social and personal issues
[38-40]. It is also important to be aware that the benefits associated with a group decision-making process
are not guaranteed. For a group to generate ideas and solutions through the group interaction, which are
important tasks in a group decision-making process [9, 10], stimulating the members’ cognitive level and
ability to learn [3, 11], appropriate conditions are necessary. So, it is important to be aware of what the
word “process” means and represents in this context. According to the Cambridge Dictionary, a process
consists in “a series of actions that you take in order to do something”. This implies a time dimension
associated to the group decision-making process. It is in this timeframe that the decision-makers analyze
the other decision-makers’ opinions/preferences, reflect, clarify doubts, change their own preferences, etc.
So, it follows that many of the benefits associated to the group decision-making process come along the
process.

Two main approaches have been implemented in GDSS to support groups in the group decision-making
process: (1) the classical approaches, based on preferences aggregation and (2) the consensus-based
approaches. The former consists in an aggregation phase that combines the experts’ preferences, followed
by the selection of one alternative [41, 42]. The latter extends the former through an iterative process in
order to achieve consensus [43-46]. Classical approaches cannot benefit from the advantages associated
to the face-to-face group decision-making, while consensus-based approaches have the potential to do so.
It is crucial to be aware of the importance of the process, especially when systems or models are planned
to support dispersed decision-making. The developers should be aware of the non-monotonic self-nature
of the process. Ideally, a system/model should be capable of potentiating the process. That means
sometimes the best option may not be to achieve a decision at a certain instant of time (in the form of
consensus or another), because decision-makers do not yet have enough conditions to do so. To force a
decision can lead to a not so solid outcome, i.e., can result in an outcome with a low decision quality,
since the quality of the decision-making process influences the quality of the decision [14]. Also, richer
processes should have the ability to help decision-makers understand the other decision-makers’
preferences, as individuals and as a group, in a way that they can understand the reasons behind those
preferences. If a process includes the justifications/reasons for certain perspectives/preferences, they can
be used as valuable information, like to document the reasons why a certain decision was undertaken.
This knowledge can be valuable for future decisions and to help organizations understand why certain
decisions were made. Following this line of thought, we verified the existence of big gaps between the
existing systems (in terms of their functioning) and what would be desirable. The richness of the process
provided by a GDSS can have a tremendous impact in the degree of consciousness upon which decision-
makers will act. It is also important to remember that in a group decision-making process supported by a
GDSS, the number of configurations and interactions cannot condition the usability of the system and
consequently the user-experience of the decision-makers.

3.2. Representing the Decision-Makers

To rephrase, Doyle, Cummins and Pollock [47], Al is the discipline aimed at understanding intelligent
beings by constructing intelligent systems. In 1998, Castelfranchi [48] said “Al is the science of possible
forms of intelligence, both individual and collective”. It is therefore necessary to first know the human
being (its functioning) before using that knowledge in the development of intelligent systems. So, in the



context of group decision-making, the decision-makers are the ones that need to be studied and
understood. “GDSS intend to support decision-makers”. This seems so obvious that sounds odd to write
it. However, most of the existing approaches are still focused on the problem rather than on the decision-
makers. The ability to represent decision-makers has a great impact on the system’s success, and
therefore, in the aptitude to potentiate decision quality [49].

In this work, we address the GDSS regarding their ability to support dispersed decision-makers in the
decision-making phase (in the selection of one or more alternatives to solve the problem). To consider the
decision-makers’ preferences is the most common way of representing them. In this type of context, it is
“mandatory” for decision-makers to express their preferences so that the system may be able to propose
solutions based on those preferences. However, to only consider the decision-maker’s preferences to
accurately represent him/her is not enough, and it is not difficult to recognize that a poor representation
can lead to deficient processes and, as a consequence, to decisions of lower quality. Most of the current
approaches in GDSS only consider the preferences of decision-makers, forgetting what their intentions
and objectives are (widely used in the famous BDI architectures [50]). To consider the intentions of a
decision-maker can radically affect the outcome of the decision. Intentions may even conflict with
preferences. For example: if a group wants to choose a restaurant to organize a dinner, and if Decision-
maker DM1 prefers restaurant R1, it is assumed that if the chosen alternative is R1, Decision-maker DM1
will achieve its goals and therefore will be satisfied. However, this may not be exactly true. Real contexts
sometimes are a lot more complex. For instance, Decision-maker DM1 may prefer Restaurant R1, but
his/her main intention could be to please Decision-maker DM2 (who happens to be the birthday person
and prefers Restaurant R2). This means that if this decision was exclusively made through a GDSS that
only considered the preferences of the decision-maker, the presented solution could not reach the
expected level of satisfaction. To include strategies to allow decision-makers not only to model their
preferences but also their intentions is of a great importance in a system supporting decisions in dispersed
contexts.

Nowadays, there are many proposals that intend to model human aspects in agents, such as: personality
[51, 52], emotions [53-55], cognitive styles [56], etc. [57, 58], some of which are already being adapted to
GDSS [59-61]. The inclusion of cognitive/affective aspects in the decision-making process is an idea
shared by several authors. Though, to the best of our knowledge, most of them are to be used in simulated
environments. The most used models to model agents are the FFM [62, 63], OCC [63] and PAD [64].
However, these models may not satisfy all the future computational models’ needs and 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 or capable than others. From our point of view, the
models showing potential of adaptation to represent decision-makers, whether they are simulators or real
systems, are those from Kilmann and Thomas [65], Howard and Howard [62] and Rahim [66]. However,
the styles proposed in those models do not provide operating values, i.e., there are no conditions to
compute those models. The same cannot be said of the model proposed by Carneiro, Saraiva, Conceicdo,
Santos, Marreiros and Novais [14], which is specifically adapted to the group decision-making context
and provides actuation level values allowing its computation.

Besides the decision-makers’ preferences and intentions, there is another important issue related to the
decision-makers representation: to represent the impact of the process on the decision-makers. The
information with which decision-makers are confronted throughout the process affects their emotional
system. The most recent studies indicate that emotions play an essential role in decision-making,
perception, learning and in a variety of other cognitive functions [67]. The emotional aspects are not
limited to art, entertainment and social interaction; they strongly influence rational thinking mechanisms.
Common sense emphasizes that excessive emotionality may impair the decision-making process, but
other scientific evidences show that the absence of emotions is also prejudicial [68]. So, it is important to
anticipate the impact of the process on the decision-makers.

There is still much to be done regarding the decision-makers’ representation. However, this will turn, for
sure, into a hot topic in the near future.

3.3. Information Analysis or Intelligent Reports



Most of the works published under the GDSS area consist on methods/algorithms to support group
decision-making processes [69, 70]. Also, there are some works concerning which statistical data formats
are more appropriate for the different forms of decision [71]. In a context where decision-makers are
dispersed, first and foremost due to the strategies used to report information throughout the process,
special attention should be given to the interaction between them and the system. However, few studies
explore which information should be reported, in what format and how the reported information should
be adapted to the decision-makers’ needs, i.e., personalized. An Intelligent Report can be a solution for
this problem, by reporting information adapted to the specific needs of each decision-maker. Thus, in
order to develop Intelligent Reports, some important factors should be considered:

e Expertise Level: The information reported, in terms of detail and complexity, should be adapted
to the capacities and knowledge of each decision-maker [72, 73];

e Time: The level of effort the decision-maker can spend in the process should be considered. This
should affect the report’s detail level [74, 75];

e Intentions: The decision-maker’s intentions should be considered in order to provide appropriate
information. For instance, the fact that decision-makers can have a higher/lower concern for self
or/and concern for others should be weighted in the information shown [76].

In addition, in order to develop Intelligent Reports, researchers should pay attention to other aspects, such
as: the data (kind of information, format and complexity) [71, 77], affective issues (emotional issues,
anxiety, stress and sadness) [78, 79], relationships (credibility, seniority, hierarchy, reputation, expertise
and friendship) [80, 81], interpersonal conflicts and psychological aspects (engagement in the decision
process, personality, behavior and strategy) [82, 83] and usability (user interface, interaction and
graphics) [84, 85].

3.4. Evaluation

From a scientific perspective, one of the major challenges faced by GDSS is how can they be evaluated?
How can we affirm that one GDSS produces higher quality results compared to another? At the present
moment, we cannot. Researchers have been evaluating these systems/models through mathematical
proofs, number of rounds or seconds to propose or reach a solution, among others [86]. However, these
techniques do not say much in terms of decision quality. It becomes impossible to compare how much
more one model/system is capable of enhancing the quality of the decision as opposed to another. Surely,
the decision quality cannot be measured in the end of a group decision-making process because the
impact resulting from that decision is still unknown.

Some strategies that try to study the perceived “quality” have been proposed. However, most of them are
focused in the system usability and in the satisfaction with the meeting [87-89], although some
preliminary approaches regarding decision satisfaction, i.e., the perception of the decision quality, exist
[90, 91]. From our point of view, the ability to predict satisfaction with a reasonable accuracy has many
uses. Let’s suppose a GDSS with a multiagent system, where each decision-maker is represented by an
agent. First, each agent can “work” in a way that seeks to maximize the satisfaction of the decision-maker
it represents, which means that the agent, besides acting according to the preferences of the decision-
maker, can also have a metric to compare the impacts of different solutions. Second, agents can
cooperatively use that metric to maximize the group satisfaction, or the satisfaction of other agents they
wish to “please”. Third, it can be used as a metric to evaluate the ability of different models and systems
to enhance satisfaction. Some important works like the ones of Higgins [92] and Carneiro, Saraiva,
Conceicdo, Santos, Marreiros and Novais [14] can help researchers study satisfaction in the context of
GDSS.

As can be seen, perhaps due to the number of variables that need to be considered, and because there is a
lack of knowledge regarding what strategies to use in order to deal with some of those variables, studies
on satisfaction and perception of the decision quality in the context of GDSS are scarce. From the
decision quality standpoint, classifying or comparing GDSS is still a big challenge.

4. The Conceptual Model



This work distinguishes essentially by the way how the problematic of supporting group decision-making
is addressed. Rather than idealizing the system around a model capable of proposing a solution according
to certain configurations, our focus is to allow decision-makers to benefit from the typical advantages
associated with face-to-face group decision-making processes.

We propose a Web-based GDSS inspired in the behavior of a social network like Facebook or LinkedIn.
That means, the system should potentiate the interaction between decision-makers. The issues are
discussed in the form of topics and everyone can add comments and replies. The system main features are
(Figure 1): the ability to foster communication between decision-makers; the ability to represent decision-
makers in terms of preferences, intentions, goals, desires, interests, beliefs, social standing, credibility and
expertise; to help decision-makers perceive the process in terms of how the decision and everything that
composes the context evolves over time; and finally, a set of strategies to support decision-makers
through proposals, recommendations, predictions, relevant information, among others. These features
intend to overcome (theoretically) the limitations and challenges previously described.
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Figure 1. Main features of the proposed Web-based GDSS.
4.1, Conceptual flow

Communication is the key ingredient of a group decision-making process. Thus, we propose a system that
potentiates the communication between decision-makers. Obviously, it is different to communicate in
face-to-face contexts and through an online application [93, 94]. So, the communication should be more
structured than the one practiced in presential contexts. With a more structured type of communication
the system will be able to use the conversations made by decision-makers to support the decision-making
process and for autocomplete purposes, for instance, in the definition of multi-criteria problems or/and in
the identification of alternatives and criteria. Another important aspect is that internet users are already
used to social networks, which facilitates the understanding that each subject should be debated on a
different topic. Other important strategies such as the use of “Likes (thumbs up)” and other forms of
expression can also be used, since it is something that people are already used to and can serve as
strategies that allow to better understand the level of acceptance of different ideas and the level of
importance of the different subjects. Figure 2 represents (in a non-formal format) the activities carried out
by decision-makers in the use of our conceptual proposal. As can be seen, decision-makers can
communicate even if they are not (yet) involved in a decision-making process. Considering that the
identification of a problem occurs in a normal dialogue, this is the first step to start a decision-making
process. After that, a decision-maker can create a new problem or submit a ticket asking a facilitator to
create the group decision-making (GDM) problem. When a problem is created and the participants are
added to the process, each participant can then start by some initial configurations. This is the first time
that decision-makers (in general) interact with the new decision-making process and where they can
define important stuff such as: their expertise level, their intentions and point other decision-makers as
experts in that topic. In this way, they are modelling their representation and helping the system to
understand the context. All these steps can be revisited at any time and decision-makers can perform
many reconfigurations as they want. In fact, the system can make use of these changes to better
understand the process and consequently to create intelligence. After that, and if alternatives and relevant
criteria are not yet defined, the system should provide conditions to perform the idea generation step. The
most structured type of communication used by the means of the system will help in the organization of
different ideas, in the identification of alternatives and of the most important criteria.
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Figure 2. Representation of the activities carried out by decision-makers in the use of the system.

After all the different possible alternatives are identified, the decision problem should be defined. For
that, artificial intelligence techniques, like techniques to extract knowledge, can make use of the dialogues
performed by decision-makers in the previous steps. The definition of the decision problem should not be
costly because the different alternatives were in majority referred before, such as the most important
criteria. When the decision problem is defined, decision-makers can then configure their preferences
regarding not only alternatives and criteria, but also regarding limitations, desires, goals and their group
position in terms of opinion. This seems complex but it can be done through simple “clicks” using
configuration templates with high usability. Right after decision-makers perform their configurations,
different artificial intelligence techniques can be used to propose solutions, to search inconsistencies, to
present relevant information and to support/recommend decision-makers. Decision-makers do not need to
be aware of this level of complexity, but the strategy used to present the information to them is vital. That
means, the communication between the system and each decision-maker should be adapted to his/her
preferences and interests, and the system should be capable of understanding how much each decision-
maker is involved in the process. Obviously that the capacity to propose solutions is intrinsic to this kind
of systems, but in this conceptual proposal the major objective is the walk to find the solution. The system
should be aware of the process importance, which means that the system should be intelligent enough to
understand how important to mature ideas, to exchange perspectives and to reflect is, in order to
potentiate the decision quality. 100% consensus after the first round may sound good but at the same time
be indicative of a hasty decision. Several stopping criteria can be used, combined or not (e.g., end date,
maximum number of rounds, minimum consensus needed, minimum group satisfaction, minimum
participant satisfaction and alternatives consistency). When a consensus is reached or the satisfaction
level attained is enough, the process ends, and a final report is presented. Otherwise, the previous steps
can be revisited. Finally, the system should be capable of using all the data generated during the process,
to document the reasons that led the group to make that decision and the impact that each decision-maker
had in the process. This will turn into valuable information for the organizations because they can, in the
future, understand the reasons that made them take those decisions and the responsibility/contribution that
each decision-maker had (either for the good or bad decisions). Also, artificial intelligence techniques can



be used in these reports to learn from past experiences in order to make better predictions and
recommendations.

4.2. Architecture

The literature is not rich in terms of architectures for Web-based GDSS, though in a first instance, a Web-
based GDSS differs from a conventional GDSS mostly because of its architecture. In this work, a
microservices-based architecture (Figure 3) is proposed, because it empowers a lot of benefits for the
context of the proposed system (group decision-making with dispersed participants) and for the current
context of the major organizations. If we think in terms of the number of features a system like this has to
provide (and the number of different algorithms and models used), a microservices-based architecture
allows to: get a better faults isolation, perform continuous delivery, have components spread across
multiple servers, be easily understood since they represent small pieces of functionality, etc.; and from the
organizations perspective it allows to: organize the code around business capabilities, use complement
cloud activities, write code in different languages, get an easy integration, perform automatic deployment,
etc. .

Figure 3 represents the conceptual Web-based GDSS proposed in this work. It uses a standard
microservices architecture. There is an APl Gateway that works as a single-entry point into the system,
which allows the internal system architecture to be encapsulated and to provide an API tailored to each
client. In addition, functionalities such as authentication, monitoring, load balancing, among others, are
also of the API Gateway responsibility.

In this conceptual proposal, it is considered the existence of a set of possible microservices/services to
satisfy the organization’s business (accounts, products, etc.) and a set of microservices that intends to
support the decision. Several artificial intelligence strategies are considered and will be explored later.
Each strategy has special needs and can be implemented using different programming languages.
Thereby, a microservices-based architecture becomes even more relevant because each service is
independently deployable, loosely coupled, highly maintainable and testable, easier to understand and is

relatively small.
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Figure 3. The Group Decision Support System’s Conceptual Architecture.



A special attention is payed to the “Agents Service” and to the “Decision-Making Service”. The “Agents
Service” is the microservice that encapsulates the Multi-Agent System existent in the Web-based GDSS
and where the main agents platform stands (in 2019, some authors presented solutions to encapsulate
Multi-Agent Systems in microservices [95, 96]). In the “Agents Service”, the information that circulates
in the system is analyzed and processed when necessary by the agents. The “Decision-Making Service”
uses strategies to automatically propose solutions and is where another agents platform, to work with
contextual agents (or clones like will be seen later), exists. Although not represented in Figure 3, the
Decision-Making Service can, in turn, consume other microservices that implement different decision
strategies/algorithms/models.

4.3. Decision-Makers Representation

In this conceptual approach, some aspects regarding the decision-makers representation are considered. A
multi-agent system is used, where each decision-maker is represented by an agent, called as participant
agent from now on. That means a participant agent should be modelled with the characteristics of the
decision-maker he represents in order to represent him/her accordingly. However, there are three aspects
that affect exponentially the complexity of modeling agents in this context. First, decision-makers behave
differently according to the situation characteristics (for instance, how much a decision problem means to
them) [97], second, these different behaviors are always affected by the decision-makers’ personality
traits (which are more constant) and third, the decision-makers’ knowledge evolves over time.

Previously, it was referred that the multi-agent system is part of the “Agents Service”, however, this is not
the only agents platform in the proposed Web-based GDSS. The existence of another agents platform in
the “Decision-Making Service” is also considered. So, the participant agents in the “Agents Service”
represent decision-makers in terms of what they are, more specifically, these agents are modelled with
personality traits of the decision-makers they represent and each one has a knowledge base, where the
history of everything that matters is saved. It is considered that the participant agents in the “Agents
Service” are always active and can be working even when the decision-makers they represent are not
involved in any process. They can be processing the decision-makers dialogues, for instance, to study
relationships, the evaluations made by other decision-makers to their comments, who usually support
them, who usually criticized them, among others. Regarding the agents in the “Decision-Making
Service”, they represent decision-makers in a context, and they are alive only during the existence of that
process. These agents can be modelled with other characteristics, such as: the decision-maker’s
intentions, which other decision-makers they consider credible, decision problem preferences, etc. These
agents can use other artificial intelligence techniques in order to better understand the process impact,
such as an emotional model. In terms of flow, when a decision-maker is added to a new decision problem,
a new participant agent is created in the “Decision-Making Service”. This participant agent is a clone of
the participant agent existent in the “Agents Service”. This approach presents several benefits because it
avoids problems when a decision-maker is involved in too many decision problems at the same time, it
separates the impact that each process has in the participant agent and makes it easier to manipulate the
temporary knowledge and the knowledge that should be persistent.

4.4, Group Support and Recommendation: Possible Perspectives

Support and recommendation go hand in hand in terms of systems capable of helping users attaining
something better. Decision support techniques and recommendation techniques can both be used to help
decision-makers during the process. In this proposal, a set of different techniques to support decision-
makers in the group decision-making process are considered. However, due to the nature of the proposed
architecture, the system is prepared to grow up and new strategies can be included over time. Moreover,
as the proposed architecture is microservices-based, it becomes a lot easier, in terms of scalability and
reusability, to work with containers and to monitor them.

As seen before, a Web-based GDSS should provide good enough conditions so decision-makers can
communicate. In this conceptual proposal, this is accomplished through the natural interaction existent in
a social network.

Besides communication, there are other tasks that the system should be able to facilitate, such as the
creation of new problems. It is known that to define a new decision problem is complex and time-



consuming. There are always several alternatives, different criteria types, several decision-makers, etc.
So, it is important to use at least 2 different strategies for this purpose: (1) text analytics, to automatically
suggest based on the previous dialogues, alternatives, criteria and decision-makers, and (2) algorithms
such as case-based reasoning, to predict the possible alternatives and criteria types based on previous
problems.

Regarding the strategies to automatically propose a solution to the group, in a first instance a dialogue-
based argumentation model is considered and in a second instance, a multi-criteria decision analysis
(MCDA) model. The former intends to be capable of proposing solutions and at the same time, due to its
self-nature characteristics, to be capable of explaining the reasons that lead to the proposition of those
solutions. This allows decision-makers to feel part of the process and to understand it accordingly. As
they understand the motifs behind the proposed solutions, they can reason about those motifs and
consequently it becomes easier to accept or to reject the proposed solutions. The considered dialogue-
based argumentation model has a high level of expressiveness, that means, the participant agents can
behave according to different intentions in the same dialogue. In addition, the participant agents can use
the same locution for different purposes (for instance, to persuade or to deliberate) and the identification
of these intentions is a responsibility of the other participant agents. The latter intends to work as a
detector of inconsistencies. It is extremely important to perceive if the preferences configuration made by
each decision-maker makes sense. For instance, let us imagine a decision-maker that considers the price
as the most important criterion, but at the same time his/her preferred alternative is the most expensive; it
is important to understand if there are not major price differences between alternatives or if he/she made a
mistake in the configuration process or if there are subjective reasons behind his/her configuration. A
MCDA model can be extremely helpful in the detection of these inconsistencies.

Considering the number of messages exchanged in a system like this, it is fundamental to study the
produced dialogues. For that, two main strategies are considered: text analytics and natural language
processing. In this way, the system can study the dialogues and produce important information regarding
not only the dialogues structure but mostly in terms of their meaning and the sentiment existent in them.
In addition, classic algorithms from the social networks’ literature can be used to understand the
impact/importance of each message/topic. This information can be used by each agent in the dialogues to
better represent their decision-makers’ needs/intentions.

It is important to use strategies that allow to learn, classify, predict and recognize patterns. For that,
machine learning algorithms are considered, more specifically, deep learning and reinforcement learning
algorithms. With these algorithms each participant agent (in the “Agents Service”) will be capable of
presenting important information about other decision-makers, about the decision processes (previous and
actual) and about things that generally matter to the decision-maker it represents.

Finally, the participant agents should be capable of using different services according to the situation
needs. Moreover, the participant agents should be capable of recognizing the different decision-making
stages in order to understand the maturity of the decision.

5. Discussion

Concerning the limitations of GDSS intended for dispersed groups, as well as their low acceptance by
organizations [12], we believe that there are flaws in the way this problem has been addressed and
interpreted. It is true that sometimes group decision-making is a mandatory 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/her to take advantage of such
benefits? What trust would he/she put into a proposed solution that discards the existence of a process
altogether and of everything that a process allows for? How frustrating can a system that does not allow
for the insertion of new knowledge be? And not less important, how adequate for a high-level executive
or top manager will a system be if, albeit ensuring the best results, requires tens/hundreds of time-
consuming configurations?

In this work, we have verified that current approaches cannot take advantage, at least in full, of the
benefits associated with face-to-face group decision-making. However, before entering a more critical



analysis, one must be aware that there are certain decision contexts in which this obsession with the
benefits associated to group decision-making may not make sense. There may be constraints, such as
temporal issues, group typology and/or decision format/configuration, that may benefit from the low level
of interaction associated with dispersed groups.

There is a certain distance between researchers working on the development of methods that can be
applied to Web-GDSS and researchers who have studied the impact of GDSS on organizations (in an
application logic). This separation makes the latter not focusing on the impact that the used method(s)
has(have) in the process and consequently in the success of the GDSS. The non-success of the GDSS is
clear, it is an evidence, and it is something that cannot be hidden behind the scientific success of the many
methods applied to them. It is important to note that already in 1988, Watson, DeSanctis and Poole [98],
carried out a study comparing the impact of using a GDSS with groups using only paper and pencil, and
groups that did not use any type of support. The conclusion was that there were no advantages in using a
GDSS. They assumed that the failure of the GDSS could be because it was a recent type of application
and even went as far as stating that “More work on GDSS design and group instructions (learning) is
needed before abandoning the idea of having groups use GDSS on their own without technical or other
assistance”. In an even older study, the researchers found that the use of computerized conferencing mode
made it more difficult to reach consensus [99]. Later, in 1997, Warkentin, Sayeed and Hightower [100]
compared virtual teams with face-to-face teams in what was their ability to interact through the use of
Web-based conference systems, and the scenario did not change. They concluded that “the findings of the
present study provide several insights into the communication process of virtual groups. First, the pros of
collaboration technologies may now consistently outweigh their cons. While collaboration technologies
have the capability of creating a communication environment for virtual partners who are separated by
time and/or space, they may prevent the development of a strong sense of cohesion and satisfaction with
the group’s interaction process. Second, the strength of relational links is positively associated with the
effectiveness of information exchange.” More recently the story remains, in 2016 van Hillegersberg and
Koenen [12] studied precisely the reasons why organizations take long to adopt the use of GDSS. They
concluded that there are currently no motives for organizations to invest in GDSS as there is no evidence
of their actual benefits. In addition, they found that the existence of a facilitator is crucial for the system
to be successful, but that it brings too much costs, making GDSS that are used for more generic decision
environments more difficult to thrive. On the other hand, GDSS like spatial decision support systems are
more likely to succeed due to their more specific context [101].

Therefore, it is important that the researchers rethink some of the strategies that have been developed to
support groups, mainly (and according to what is the purpose of this work) to support dispersed groups
and that in the limit have no other form of interaction other than the system. Supporting group decision-
making in what is a typical human process requires more than what the knowledge of methods is. It
fundamentally requires an awareness of what the process and group decision-making is so that those
methods with their different strategies will address the needs of those who are the central elements of the
problem: the decision-makers. To meet the needs of the decision-makers, it is necessary to respect the
decision-making process and to realize that in the timeframe in which the whole process occurs, it is not
only the state of the decision that undergoes changes and mutations, but also the decision-makers who
adapt and evolve in terms of what their ideas and preferences are. For this, it is necessary to be aware of
how sometimes time is the key factor for reaching this maturation and therefore to obtain higher quality
decisions.

The quality of the decision is one of the key points for the success of a GDSS, being closely related to
what the satisfaction of the decision-makers is in respect to the decision process. There is no evidence (to
the best of our knowledge) of how they correlate. Yet, we know that the dissatisfaction with the process
obviously leads to the rejection of the system, even if the quality of the decision is excellent (which
cannot be previously known by the user). Therefore, if the quality of the decision was not measured after
the selected alternatives had already been applied as a solution, it would be the perfect metric to sell a
GDSS. One possibility would be to work on the perception of the quality of the decision (or the decision-
makers’ satisfaction) as a metric that would be considered by the system itself and made available to the
decision-makers along the process. It is therefore important to use strategies for the decision-makers to
understand how the process, that is being supported by the GDSS, allows to reach higher quality
decisions.



It becomes apparent that the ability to consider in a more detailed way what is the process and all the
inherent variables will allow the decision-makers to feel more comfortable with its execution. This does
not mean that this increasingly complex approach is perceived by decision-makers so that it does not
affect their user-experience. Finally, it is important to note that, taking into account the approach
presented in this paper, the recent quantum-cognition theory proposals also have the potential to be
applied to GDSS in the future [102, 103].

6. Conclusions and Future Work

Web-based GDSS have been studied in the last years in order to develop solutions capable of supporting
decision-makers anytime and anywhere. They differentiate from conventional GDSS because they
operate on the web and so, decision-makers only need to have an internet connection to use them.
However, GDSS in general are having problems to establish and to be recognized as a useful tool by
organizations. We believe this is due to the way they have been addressed, which is focusing in the
outcomes rather than in the decision-makers’ needs.

This work introduces a refreshing look over the topic of GDSS. Some of the key challenges of today were
discussed in light of what the benefits of group decision-making are. The work presented here focused on
the support for group decision-making with dispersed elements (ubiquitous contexts) and was particularly
concerned with looking at the decision process as something that occurs in a temporal window, which
means that the decision undergoes mutations throughout the process as well as the
preferences/beliefs/intentions of the decision-makers involved.

As a starting point, it was possible to realize that many of the existing approaches do not take into
consideration the benefits of making group decisions, leading to the question: What are the necessary
conditions to take advantage of group decision-making and achieve those benefits? This results in many
of the existing systems/methods being able to produce excellent scientific results, but that still would have
little or no chance of survival in real contexts. One of the clearest examples is the association that exists
between the number of configurations a decision-maker needs to make in order to model a multi-criteria
problem using some Multi Criteria Decision Analysis methods and his/her lifestyle (e.g., with an
extremely busy schedule). There has been little concern invested in evaluating the impact that different
approaches have on end-users (decision-makers), both on the level of acceptance and on the ability of
decision-makers to make use of the approach.

A certain lack of sensitivity in respect to what the process represents in group decision-making was also
identified. Understanding the fact that in many scenarios, decisions reached in a shorter time can be
beneficial, there are other situations in which (as shown in the literature) the existence of the process
allows to reach higher quality decisions. This means that the strategies used must be able (in the
appropriate contexts) to encourage the process and to understand when there are conditions to propose
certain solutions.

The methods that can be applied to GDSS present certain limitations that compromise the success of the
system. The fact that a GDSS supports such a traditionally human process means that there is a high
discrepancy between the decision-makers’ expectations and what their user-experience is. Three aspects
that point out a particular weakness in what the decision-maker’s interaction with the GDSS is were
identified and need to be studied in the future:

e  Expressiveness: Strategies that allow decision-makers to express/model their preferences
towards the problem (and the context) are still seldom debated. Surely, there has been a great
study of linguistic strategies, but they are only a part of what may constitute the whole modeling
of the decision-maker’s preferences. Relevant examples: expertise levels, credible decision-
makers, preference of alternatives, importance of criteria, public/private information,
expectations, etc. The fact that the decision-maker experiences limitations in expressing aspects
that he deems relevant can lead to disbelief in the application’s ability and in turn, preclude its
success;

e Representativeness: This point extends the previous point to another level. If on the one hand
there is the modeling of the problem, on the other hand there is the system’s ability to represent
the intentions/goals of the decision-makers, who may be (in a real context) in conflict with their



preferences. This makes us realize the importance of a system that may support decisions in
dispersed contexts to include strategies that allow decision-makers not only to model their
preferences but also their intentions;

e Interaction: Another point that has also been less studied is the interaction of the decision-
makers with the GDSS, particularly the way information is made available to them. There is a
need to study mechanisms of intelligent reporting to allow the information that an agent reports
to the decision-maker it represents, to be structured, organized and oriented according to the
interests and intentions of that decision-maker.

Additionally, we proposed a conceptual Web-based GDSS that intends to enable decision-makers to
benefit from the typical advantages associated to face-to-face decision-making. Our approach
(theoretically) allows decision-makers to interact as people do in social networks, which naturally
promotes the communication and the interaction between them. In addition, our proposal is based in a
microservices architecture that demonstrates a lot of benefits in a system where so many different
artificial intelligence techniques can be implemented. However, some limitations that impede to presently
implement an approach like this were found, such as: rudimentary tools to develop multi-agent systems,
lack of psychological models that can be computerized, and dialogue-based argumentation models not
intelligent enough.

A lot still needs to be done in order to develop successful Web-based GDSS. Their relevance and the need
for these type of systems by organizations of today and tomorrow are an absolute certainty. Researchers
who explore this topic should be aware of the relationship between the methods they develop and what is
the context of group decision-making.

As future work, we want to continue digging under the topic of GDSS. After identifying a set of issues
that are compromising the GDSS success and a set of possible solutions, the main goals are to make this
conceptual model real, and to develop dialogue-based argumentation models in which not only the
messages exchanged by the agents are perceptible to decision-makers, but also the intentions behind the
messages.
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