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ABSTRACT  

The objective of this paper is to reflect on our experience in a serious game research project, named 
SimParc, about multi-agent support for participatory management of protected areas for biodiversity 
conservation and social inclusion. Our project has a clear filiation with the MAS-RPG (Multi-Agent-
Simulation Ð Role-Playing Games) methodology developed by the ComMod action-research community 
about participatory management of renewable resources, where multi-agent simulation (MAS)  

 



computes the dynamics of the resources and role-playing game (RPG) represents the actions and 
dialogue between stakeholders about the resources. Meanwhile, we have explored some specific 
directions, such as: dialogue support for negotiation; argumentation-based decision making and its 
explanation; technical assistance to the players based on viability modeling. In fact, in our project multi-
agent based simulation focuses on the negotiation process itself, performed by human players and some 
artificial participants/agents, rather than on the simulation of the resources dynamics. Meanwhile, as we 
will see, we have also reintroduced the modeling of the socioecosystem dynamics, but as a local technical 
assistance/analysis tool for the players and not as a global system modeling. In this proposed chapter, we 
aim at discussing the rationales for these specificities and for the whole project, as well as summarizing 
the architecture of our prototype system, current results and experience produced and, last but not the 
least, lessons learned and prospects for future works. 

Keywords: Multi -Agent Systems, Agents, Modeling, Simulation, Serious Games, Role Playing Games, 
Participatory Management, Biodiversity Conservation, Protected Areas, Negotiation, Decision, 
Argumentation, Viability. 

 

INTRODUCTION 

A significant challenge involved in biodiversity conservation is the management of protected areas (ex: 
national parks, marine reserves, biosphere reservesÉ Ð the main focus of this work being national parks), 
which usually undergo various pressures on resources use and access, resulting in many conflicts. 
Methodologies intending to facilitate participatory management and conflict resolution are being 
addressed via bottom-up approaches that emphasize the role of social actors (stakeholders) involved in 
these conflicts. Examples of social actors are: park managers, representatives of local communities at the 
border area, tourism operators, public agencies and nongovernmental organizations (NGOs). Examples of 
inherent conflicts connected with biodiversity protection are: irregular occupation, inadequate tourism 
exploration, water pollution, environmental degradation and illegal use of natural resources. In Latin 
America, the process of management of protected areas for biodiversity conservation usually takes place 
through the mediation of institutional arenas of dialogue and conflicts, implemented though a 
management council (Irving 2006). This council, of a participatory nature, includes representatives of 
various social actors/stakeholders. They represent and express various perspectives and participate in 
dialogue, negotiations and decisions about protected areas management. 
 
We are conducting a research project to explore how advanced computer support (distributed role-playing 
game, simulation, artificial agents, negotiation support, decision supportÉ) can help participatory 
management of protected areas. The project is named SimParc (which stands in French for ÒSimulation de 
gestion participative de parcsÓ) and is based on a serious game. Serious games and role-playing games 
have indeed received increased attention (Crookall, 2010) as effective approaches for exploration and 
training, in context but without high costs or risks (Michael, 2006). They are considered as promising 
pedagogical tools for complex collective decision making processes. 
 
Note that, although our project has a very clear filiation with the well known MAS-RPG (Multi-Agent-
Simulation Ð Role-Playing Games) methodology (Barreteau, 2003), developed by the companion 
modeling (ComMod, by Barreteau et al. (2003)) action-research community about participatory 
management of renewable resources, we have explored some specific directions, such as: dialogue 
support for negotiation; argumentation-based decision making and its explanation; technical assistance to 
the players based on viability modeling. 
 



The objective of this chapter is therefore to discuss the rationales behind the specificities of our project 
and detail our design, results as well as prospects for future works. 

RELATED WORK  

The ComMod (Companion modeling, see (Barreteau et al., 2003)) community had (and still has) a 
profound impact on research and methods for participatory management of environmental resources and 
on multi-agent simulation. More specifically, ComMod is about methods for participatory management of 
renewable resources, with interaction between natural resources inner processes (e.g., hydrodynamics, 
animals population evolutionÉ ) and the human and social processes of their usage (consumption, 
controlÉ) . They have proposed the combination of multi-agent simulation (MAS) Ð to represent and 
compute the dynamics of the natural resources Ð with role-playing games (RPG) Ð to represent the 
dialogue between stakeholders, to explore individual and collective decision strategies about the resources 
(e.g., actual use, access control, conflict resolution, etc.), see (Barreteau, 2003)). The multi-agent 
simulation platform Cormas (Le Page et al., 2012) is used to implement the simulation part. In the MAS-
RPG combination, simulation runs are interlaced with the different game steps, thus allowing players to 
understand the consequences of their decisions/actions and their interrelations with decisions/actions of 
other players. Initially, and still in most of ComMod projects, RPG is conducted manually or semi-
manually. Pioneering works, such as JogoMan-ViP by Adamatti et al. (2007) and Simulaci—n by Guyot et 
al. (2006), have aimed at integrating MAS and RPG, that is providing a support for distributed players 
(inspired by distributed video games) and interfacing it with the multi-agent simulation, thus leading to a 
more fluid integration between simulation steps and decision steps. They have also started introducing 
some artificial agents, as players or as assistants. We have followed on such directions, with some 
specific objectives and results, as we will see. 

APPROACH 

General Objectives  

As explained in the introduction, the objective of our SimParc research project is to explore the use of 
various computer-related techniques, such as serious games, role-playing games, multi-agent systems, 
simulation, decision support systems, user interfaces, dialogue systems, argumentation-based systems, 
viability theory, to help at participatory management of protected areas. It is based on the observation of 
several case studies in Brazil. However, we chose not to reproduce exactly a real case, in order to leave 
the door open for broader game possibilities. Our focus (very much inline with ComMod) is indeed on 
improving the process and not the result. In other words, as we will see, we have an epistemic objective, 
to help stakeholders at understanding the nature of conflicts and negotiation in the management of 
protected areas. Current SimParc serious game is not (or at least not yet) aimed at decision support (i.e., 
we do not expect the resulting decisions to be directly applied to a specific park). 
 
More precisely, the SimParc role-playing game is based on the negotiation process that takes place within 
the park management council. Each player plays a role (as for each council member). Depending on its 
role profile and the elements of concerns (e.g., tourism spot, traditional community, endangered species, 
etc.) in each of the landscape unit (sub-area) of the park, each player will try to influence the decision 
about the level of conservation for each unit. It is clear that conflicts of interest will quickly emerge (e.g., 
between a biodiversity conservation ONG and a tourism operator about controlling access to a specific 
landscape unit populated by endangered species), leading to various strategies of negotiation (and 
possible conflict resolution, e.g., an agreement about a regulated ecotourism policy). A special role in the 
game is the park manager. He is an arbiter and decision maker. 

Specific Research Objectives  



As we will see, the SimParc project somehow departed from standard ComMod/MAS-RPG approach and 
it has explored some complementary objectives. Let us go back to the characteristics of the domain. At 
first, in the Brazilian legislation about national parks, direct use of natural resources is forbidden. Only 
indirect use, such as e.g., tourism, may be allowed. Also, the park management council is of consultative 
and not decisionary nature. Thus, as opposed to ComMod cases, there is no direct action by the players on 
the resources. The focus of the players is thus on identification of conflicts and negotiation. At the end of 
the negotiation (which does not necessarily lead to a consensus), each player makes a final proposal and 
the park manager has the role of the final decision maker. 
 
The conduction of the SimParc project and the nature of the serious game prototype that we have 
constructed reflect this specificity. We have initially focused on the support for dialogue and negotiation 
between players and not on the modeling and simulation of the evolution of ecosystem resources, as 
would have been the case in standard MAS-RPG projects. As a result, the project started working on a 
prototype Web-server-based architecture for distributed role-playing (similar to Simulaci—n by Guyot et 
al. (2006) and JogoMan-ViP by Adamatti et al. (2007)). We have then explored the following research 
directions: 1) dialogue support for negotiation; 2) argumentation-based decision making and its 
explanation; 3) technical assistance to the players. In that sense, the SimParc serious game is a multi-
agent based simulation of the negotiation process itself, performed by human players and some artificial 
participants. Meanwhile, as we will see below, we have also reintroduced the modeling of the 
socioecosystem dynamics, but as a local technical assistance/analysis tool for the players and not as a 
global system modeling. Let us now summarize these three directions: 
 

1) We have designed and implemented a specialized user-interface for negotiation. It uses rhetorical 
markers and dialogue filtering/structuring mechanisms (detailed in (Vasconcelos et al., 2009a)). 
A personal assistant also provides help as well as information about the situation of the player 
within the discussion and proposals (e.g., affinity and discordance with other players proposals, 
dominance relations, etc.). 

 
2) We have designed and implemented an artificial agent taking the role of the park manager 

(Sordoni et al., 2010). Its architecture is dual. The first part models the manager individual 
decision-making process, deliberating about conservation types for each landscape unit. The 
second part consists in combining the players votes and the park manager vote, based on an 
influence function. Note that we have decided to use an argumentation-based framework, as 
traces of arguments produced for the decision are a basis for the explanation of the decision (to 
the players). 

 
3) We have designed a viability assistant agent (Wei et al., 2012), based on viability theory by 

Aubin (1992), which helps a player at analyzing the possible impact of his proposed constraints 
(desired level of conservation) on the park viability. Our rationale is that defining and negotiating 
about constraints seems more intuitive for players than expressing global optimization objectives. 
The viability assistant can provide the player with various viability analysis (viability kernel, 
capture basin, suggest relaxation of constraints) to help him analyzing the viability of his proposal 
and negotiating with other players. 

Organization of the Chapter  

We will start by introducing the design of the role-playing game, at the heart of our project. This role-
playing game is an abstraction of the discussion and negotiation process taking place between 
stakeholders representatives within a park management council. We will then briefly introduce the 
principles of the server-based architecture to support the game. Then, we will successively detail our three 
specific contributions about: 1) negotiation support; 2) manager automated decision; 3) viability analysis. 



We then present some experimental evaluation of our proposals and discuss future prospects before 
concluding. 

THE SIMPARC GAME 

The Role-Playing Game  

Current SimParc game has an epistemic objective: to help and support each participant discover and 
understand the various factors, conflicts and the importance of dialogue for a more effective management 
of parks. Note that this game is not (or at least not yet) aimed at decision support (i.e., we do not expect 
the resulting decisions to be directly applied to a specific park). 

 

Figure 1. SimParc interface for analyzing the park. 

The game is based on a negotiation process that takes place within the park council. This council, of a 
consultative nature, includes representatives of various stakeholders (e.g., community, tourism operator, 
environmentalist, non governmental association, water public agencyÉ). The actual game focuses on a 
discussion within the council about the "zoning" of the park, i.e. the decision about a desired level of 
conservation for every sub-area of the park (called landscape unit Ð unidade de paisagem: UP). See at 
Figure 1 a screen dump of the game showing the representation of the (imaginary) park (with different 
layers of information: geography, subdivision into landscape units, objects of interest Ð with the 
explanation of their pictogramsÉ)  and at Figure 2 a focus on one specific landscape unit (UP). 



 

Figure 2. SimParc interface for analyzing a landscape unit (UP). 

In the game, we consider nine pre-defined potential levels (that we will consider as types) of 
conservation, from more restricted conservation to more flexible indirect use of natural resources, as 
defined by the (Brazilian) legal system. Examples are: "Intangible", the most conservative type, 
"Primitive" and "Recuperation". Figure 3 shows the interface for a player to decide what type of 
conservation he will propose for each landscape unit. 

 

Figure 3. SimParc interface for selecting conservation types. 

The game considers a certain number of playersÕ roles, each one representing a certain stakeholder. 
Each player, as in any role-playing game, has to embody the designed/selected role with its respective 
background culture, postures and objectives. To facilitate the incorporation of the role by the player, 



SimParc offers a set of personas to represent him/her during the game. Depending on its profile and the 
elements of concerns (e.g., tourism spot, traditional community, endangered species, cultural attractionÉ  
Ð each type represented by a pictogram) in each landscape unit (see at Figure 2), each player will try to 
influence the decision about the level (type) of conservation for each landscape unit. Conflicts of interest 
will quickly emerge, leading to various strategies of negotiation (e.g., coalition formation, trading mutual 
support for respective objectives, etc). 
 
A special role in the game is the park manager. He is a participant of the game, but as an arbiter and 
decision maker, and not as a direct player. He observes the negotiation taking place among players and 
takes the final decision about the levels of conservation for each landscape unit. (It is important to remind 
that this follows the situation of a real national park in Brazil, where the park management council is only 
of a consultative nature, thus leaving the final decisions to the manager.) Decision by the park manager is 
based on the legal framework, on the negotiation process among the players, and on his personal profile 
(e.g., more conservationist or more open to social concerns) (Irving 2006). He may also have to explain 
his decision, if the players so demand. 

The Game Cycle  

The game is structured along six steps, as illustrated at Figure 4. 

 

Figure 4. The six steps of the SimParc game. 

At the beginning (step 1), each participant is introduced to basic information about the game general 
context (in an interactive and ludic way, through the metaphorical touring of a conceptual park, see at 
Figure 5). Then, he is associated with a role (ex: environmentalist, representative of a local community, 
tourism operatorÉ). Then, an initial scenario is presented to each player, including the setting of the 
landscape units (see at Figures 1 and 2), the possible types of conservation and the general objective 
associated to his role. Then (step 2), each player decides a first proposal of types of conservation for each 
landscape unit (see at Figure 3), based on his/her understanding of the objective of his/her role and his 
analysis of the situation. Once all players have done so, each player's proposal is made public. 



 

Figure 5. Metaphorical tour for introducing the game. 

In step 3, players start to interact and to negotiate about their proposals. This step is, in our opinion, the 
most important one, because players collectively build their knowledge by means of an argumentation 
and negotiation process (the interface will be shown at Figure 12). In step 4, they revise their proposals 
and commit themselves to a final proposal for each landscape unit. In step 5, the park manager makes the 
final decision, considering the negotiation process, the final proposals and also his personal profile (e.g., 
more conservationist or more sensitive to social issues). Each player can then consult various indicators of 
his/her performance (e.g., closeness to his initial objective, degree of consensus, etc.). He can also ask for 
an explanation about the park manager decision rationales. The last step (step 6) "closes" the epistemic 
cycle by considering the possible effects of the decision. In the current game, the players provide a simple 
feedback on the decision by indicating their level of acceptance of the decision. 
 
A new negotiation cycle may then start, thus creating a kind of learning cycle with possibly different 
allocation of roles to players (so that they play with different objectives and perspectives and thus reflect 
on the multiplicity of points of view). The main objectives are indeed for participants: to understand the 
various factors and perspectives involved in decision making and in biodiversity conservation challenges 
and how they are interrelated; to negotiate; to try to reach a group consensus; and to understand cause-
effect relations based on the decisions. 

Initial  Version  

The initial design of the game (version 1) was conducted during year 2007. It was tested, without any 
computer support, through a game session conducted in September 2007 (see at Figures 6 and 7, 
corresponding respectively to the playersÕ analysis phase (step 1) and to the playersÕ negotiation phase 
(step 3)). There were six roles in the scenario. Each role was played by a team of two players. Players 
were researchers and students of the APIS research group (which stands for Òçreas Protegidas e Inclus‹o 
SocialÓ, in English: ÒProtected Spaces and Social InclusionÓ), at UFRJ (Rio de Janeiro), led by Marta 
Irving, and specialized in biodiversity participatory management. 






























































