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a b s t r a c t

Involving stakeholders in the decision-making process can be very complex and time consuming. De-
cision theater (DT), which enables the combination of visualization and decision modeling capabilities
together with human capacity of insight and interaction, is proposed for addressing this challenging
problem in the forest sector. A generic framework for designing DTs to support participatory planning in
the forest sector is proposed. To enable DT implementation and support decision-making in the DT in the
province of Qu�ebec, Canada, the conceptual design of a decision-support system called Forest
Community-DSS (FC-DSS) has been developed. Implementing FC-DSS along with other technologies in a
DT environment can contribute to engage the stakeholders in the decision-making process by increasing
participation frequency, collecting more inputs from the stakeholders, supporting the development and
evaluation of alternative options and the selection of preferred alternatives. A DT-based collaboration
approach would contribute to address the multiple issues of the stakeholders involved in participatory
planning in Qu�ebec. Other Canadian provinces and other countries facing similar issues can benefit from
the proposed approach.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Integrating sustainability goals in the decision-making process
and promoting social acceptability is crucial for successful sus-
tainable planning. This requires inviting the community members
to share their concerns and perspectives and participate in the
decision-making process. Examples are found in environmental
management (Antunes et al., 2006), waste management (Hornsby
et al., 2016), urban planning (Salter et al., 2009), and natural re-
sources management (Langsdale et al., 2013). However, involving
stakeholders in the decision-making process can be very complex
and time consuming. Often the stakeholders have different back-
grounds, different personal values and interests, and their per-
ceptions might be as important as facts (Bishop et al., 2008). As a
result, conflicts may arise, leading to situations where it is impos-
sible to find compromises. All these issues are observed in the

process of forestry planning in Canada.
About 350 million hectares in Canada are covered by forests, of

which more than 90% are publicly owned (NRCAN, 2016). As such,
public requirements on how forests should be managed must be
rigorously taken into account. Many benefits are expected from the
forest, ranging from employment opportunities, tourism, local
economic development, ancestral practices, to ecosystem services.
Moreover, a wide range of forest users having rights or agreements
with government co-exist in the same forest territory, which
inevitably leads to disagreements and conflicts. To address these
issues, the government in the province of Qu�ebec adopted a new
forest regime in 2013 that promotes sustainable forest manage-
ment (SFM). SFM focuses on conservation of biodiversity, soil,
water, ecosystems, and productivity as well as social issues, which
is an identified open problem in forestry (R€onnqvist et al., 2015).
The new regime introduced a participatory mechanism called
“Local Integrated Land & Resource Management Panel” (hereinafter
referred to as Local Panel). The aim is to enable the stakeholders to
express their concerns and take part in forest management plan-
ning. Despite the social acceptance of the Local Panels as a partic-
ipatory mechanism, many issues have been identified, revealing
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their limits. Lack of information at the right time, inconsistency of
data, lack of impact analyses, lack of transparency and trust, and
difficulty in finding compromises and reaching consensus are some
of those issues. In fact, the stakeholders may expect to be offered
the possibility to evaluate alternative options from the perspective
of their interests, knowledge, and value-driven criteria, and may
wish to contribute to problem definition, problem analysis and
solution generation (Antunes et al., 2006; Andrienko et al., 2007).
To this end, the stakeholders need an easily understandable pre-
sentation of information and easily usable interaction facilities
(Andrienko et al., 2007; Salter et al., 2009; Rammer et al., 2014). The
Local Panels currently do not address all these aspects.

In forest participatory planning literature, methods such as
multi-criteria techniques, goal programming, multi-agent systems
(MAS) combined with interactive and visualization tools have been
developed. However, these methods alone are not sufficient. They
need to be integrated and become a part of a participatory mech-
anism acceptable to the stakeholders as a means for making de-
cisions. As stated by Phillips and Bana e Costa (2007), unlessmodels
are included in a social process that becomes an accepted way of
doing things, institutionalized within an organization's culture,
they will not survive when their champions leave the organization.
DTs are one of these processes. DTs enable the combination of
visualization and decision-modeling capabilities together with
human capacity of insight and interaction. They offer easily usable
interaction facilities and easily understandable visualization of in-
formation to the stakeholders. Thus, DTs combined with forest
participatory mechanisms already implemented in Qu�ebec, offer a
promising approach for dealing with forest planning in Qu�ebec.
However, current studies do not provide comprehensive informa-
tion and methods on how to design and implement DTs, notably in
the context of participatory planning in the forest sector. The main
contributions of this paper are a generic framework for the design
of DTs to support participatory planning in the forest sector and a
proposal of a conceptual design of a decision support system (DSS)
called Forest Community-DSS (FC-DSS), aimed at facilitating
decision-making in the DT and implementing the proposed
framework in the province of Qu�ebec. The remainder of the article
is as follows: next section provides an overview of the main forest
participatory planning approaches using interactive and visual
tools, a description of DTs, and recent contributions in the field.
Section 3 describes current public-owned forest planning in
Qu�ebec and presents a regional case study and Local Panels' main
issues. Section 4 presents the proposal. In Section 5, the proposal is
discussed. Finally, the conclusions are presented in Section 6.

2. Literature review

This section first presents the main forest participatory planning
approaches using interactive and visual tools. Second, it describes
DTs and the main contributions in the literature.

2.1. Forest participatory planning approaches

In 2011, the European Commission reaffirmed the importance of
Corporate Social Respon-sibility (CSR) in creating opportunities for
innovation and growth and offering values “on which to build a
cohesive society and on which to base the transition to a sustain-
able eco-nomic system” (EC, 2011). One of the principles of CSR
relies on the management of organ-izations’ interaction with their
stakeholders (EC, 2011; GRI, 2013; Panda and Modak, 2016). This
requires inviting the community members to share their concerns
and perspectives and participate in the decision-making process.
Involving the stakeholders in the decision-making process is an
important problem in forest resources management. Proposed

approaches focus on stakeholder election, acquisition of informa-
tion to understand the problem, modeling the relations between
alternative options and outcomes of decision-makers and stake-
holders, and selecting an option (Martins and Borges, 2007). Ap-
proaches used for selecting the stakeholders could be informal
based on criteria such as history with planning processes (Grimble
and Wellar, 1997; Khadka and Vacik, 2012) or formal, based on
matrices representing the influence and the importance of the
stakeholders (Sheppard and Meitner, 2005). For information
acquisition such as goals, management alternatives, and conflicts,
participatory methods such as interviews, Delphi method, brain-
storming, and the nominal group technique are commonly used.
Maps and visualization tools are used to complement these
methods, which might require significant cognitive effort from the
stakeholders. In a Swedish case study, Nordsr€om et al. (2010) re-
ported that during interviews aimed at collecting the stakeholders'
views on forest management, the stakeholders were given maps to
mark the areas of interest to them and explain how they should be
managed to benefit their interests. For problem modeling and
problem solving, four main approaches are used; optimization
methods, multi-criteria techniques, SoftOR, and multi-agent sys-
tems (MAS). These approaches can also be used for information
acquisition (Martins and Borges, 2007).

Multi-criteria methods are used to structure the problem,
weight the criteria, and evaluate the alternative options against the
criteria in order to choose an option. The weighting process can be
facilitated by a general approach or through software. As an
example, Ananda (2007) used AHP (Analytic Hierarchy Process) and
Expert Choice software to obtain the stakeholders' preferences
regarding three alternative forest management plans in a regional
case study in Australia. Mendoza and Dalton (2005) implemented
AHP in a web-based software for multi-stakeholder assessment of
forest sustainability in Ontario, Canada. The use of AHP is
frequently used and reported from other countries such as Finland
(Kangas, 1994), Sweden (Nordstr€om et al., 2010; Lundstr€om et al.,
2016), Nepal (Khadka and Vacik, 2012) and Spain (Rico and
Gonzalez, 2015). Other multi-criteria techniques used include,
among other, multi-criteria approval voting (Lukkanen et al., 2002),
Multi-Attribute Utility Theory (Ananda and Herath, 2003), PROM-
ETHEE II, ELECTRE III (Kangas et al., 2003), and the Analytic
Network Process (ANP) (Groselj et al., 2015). One limitation of
multi-criteria techniques is that they do not support the stake-
holders in generating alternative plans. Regarding optimization
methods, goal Programming is the most used technique to consider
the multiple objectives of the stakeholders. Garcia-Gonzalo et al.
(2015) described SADfLOR DSS, which implements goal program-
ming. SADfLOR provides interactive decision maps that illustrate in
a graphical form possible trade-offs between the objectives (Borges
et al., 2017). The Monsu software developed in Finland implements
goal programming and utility theory formulation (Pukkala, 2004).
Monsu includes a visual interface to interactive optimization,
which shows how changes in the importance of objectives affect
the solution, and a landscape visualizer allowing the user to visu-
alize the current forest or its future states. Virtual Reality Modeling
Language (VRML) files can also be used to generate visualizations
allowing the user to move in a virtual forest (Pukkala, 2004). In the
same vein, Falcao et al. (2006) developed a real-time forest land-
scape 3D-visualization tool for very large areas in Portugal. A
visualization system linking forestry modeling programs and a 3D
rendering engine that creates portrayals of forest landscapes was
also developed in British-Columbia, Canada (Meitner et al., 2005).
The impact of such forest landscape portrayals on the stakeholders
was investigated in a pilot study (Sheppard and Meitner, 2005).

SoftOR includes different methods known as problem struc-
turing methods (Rosenhead, 1989). Some methods such as the
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