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Research, part of a Specia Feature on Mental Models
ARDI: A Co-construction Method for Participatory Modeling in Natural
Resour ces M anagement

Michel Etiennel, Derick R. Du Toit 2, and Sharon Pollard 2

ABSTRACT. Theoutcomesof aseriesof testsof theARDI (Actors, Resources, Dynamics, and I nteractions)
method in complex cases or conflict-ridden situationsis presented. ARDI is part of acompanion modeling
approach that makes it possible to engage a broad spectrum of stakeholdersin the design and devel opment
of land and water management plans. It is based on participatory workshops that set out to collaboratively
imagine afuture open, dynamic management system, capable of adaptation and anticipation, by gathering
the various stakeholders in a partnership to examine conservation of the natural resources and promoting
a sustainable development. Its originality lies in the co-construction of a “conceptual model” of the
functioning of the territory, according to an overarching, negotiated development question. The approach
is based on the collective articulation of the key elements of a context or territory by stakeholders such as
managers, representatives, socio-professional technicians, nongovernmental organizations, experts, and
scientists, and local policy makers. Thissharing of representationsisdone by meansof aseriesof collective
workshops during which Actors, Resources, Dynamics, and Interactions constituting the profile of the
territory are identified and clarified. This work of co-construction is conducted within a precise
methodological framework that we present in a step-by-step format. The method is grounded in concrete
experience gleened from tests conducted by the authors over the past five years. Finally, the requirement
for specific skills aswell as pitfalls to avoid when applying the method are discussed.

Key Words:. co-construction; collective mental model; conceptual model; facilitation; natural resources
management; participatory modeling

INTRODUCTION

The application of simulation models in
collaborative decision making for the management
of natural resources is a characteristic of adaptive
management (Holling 1978, Walters 1986). But the
use of these modelsto stimulate the participation of
stakeholders in the development of management
scenarios is much rarer (Costanza and Ruth 1998,
Bousguet et al. 2002, Ozesmi and Ozesmi 2004,
Bosch et al. 2007). The progressive shift from
management planning based on an authoritative or
rationalist approach towards the incorporation of
toolsfor mediation based on demacratic approaches
(Van den Belt 2004) callsfor the emergence of new
tools that focus on co-construction of meaning and
the sharing of information and understanding
regarding aparticular context that isto be managed.

'INRA-Ecodevel opment Unit, ’AWARD

Environmental issuesare often technically complex
and deeply embedded in the minds, hearts, and
practices of society. As such, their resolution
requires the collaboration of public authorities,
private business, scientific experts, groups of users,
social interest groups, non-governmental organizations,
and representatives of stakeholdersin the particular
ecological domain (Bouwen and Taillieu 2004).
Methods and approaches that facilitate the
development of shared problem perspectives have
improved their effectiveness by melding different
kinds of knowledge and different competencies.
They do this by involving multiple actors or
stakeholders in collectively constructing a social
learning process. These processes result in shared
or collectivemental model sof theissuesor problem.
Recent papers demonstrate that these participatory
processes produce better outcomes than classical
top-down processes (Lynam et al. 2007, Reed 2008,
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Voinov and Brown 2008, Voinov and Bousquet
2010), particularly in terms of experiential learning
about the issue, about solutions to technical
problems, about other stakeholders, or about
communicational and organizational learning (Daré
etal. 2010). Theroleof theseparticipatory processes
in social change has barely been evauated, but
recent work on companion modeling (Etienne2010)
provides evidence of interesting changes in social
representation of environmental issues (Mathevet
et al. 2011) or in social organization to face
environmental problems (Gurung et al. 2006).

Following a series of tests of methods conducted in
multipleuseand multi-stakehol der contexts(natural
areaswithmultipleuse, biospherereserves, regional
or national parks) or in conflict situations (heritage
sites, urban-forest interfaces), a companion
modeling approach was developed and applied,
which made it possible to involve stakeholders in
the design of land and water management plans
(Etienne 2006). This approach is based on
participatory workshopsthat were set up to envision
an open, dynamic management approach, capable
of adaptation and anticipation, by gathering the
various stakeholders together to promote
sustainable development and conserve shared
resources. Itsoriginality liesin the co-construction
of ashared “conceptual model” of the relationships
and functioning of the different aspects of a
particular context or territory. This is usualy
conducted in relation to a specific and negotiated
development question.

The approach focuses on encouraging participants
to describe, explain, and predict the purpose, form,
function, and state of a given system (Rouse and
Morris 1986), so as to elicit causal knowledge as
defined by Jones et a. (2011). It is based on the
collective articulation of the key elements of a
territory and context by affected stakeholders such
as managers, representatives, socio-professional
technicians, non-governmental organizations, experts
and scientists, and local policy makers. It framesthe
elicitation of individual learning that then leads to
the emergence of collectivelearning (Roling 2002).
This sharing of representations results in the
progressive emergence of a collective “mental
model” due to changesin the individual’ s schemas
that occur primarily through nonconscious
processesinresponseto experiential learning during
repeated exposure to novel ideas and relationships
(Beratan 2007). Thisdialogical processisachieved
through a series of collective workshops during
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which Actors, Resources, Dynamics, and
Interactions (ARDI) are identified and clarified by
the participants themselves. The work of co-
construction is conducted within a precise
methodological framework which we present and
illustrate by means of concrete examples from the
tests we conducted over the past five years.

KEY QUESTION AND KEY PARTNERS

The success of participatory modeling depends on
three key choices that are made at the start of the
process. These choices have to be discussed among
the mandatory partners and the facilitators of the
approach during one or more preparatory meetings.
The first choice involves clearly defining the
territory under question and identifying and
formulating the question to be addressed.
Environmental decision making may encompass
conflicts over resource management or hidden
sociological or ecologica agendas and interests.
Thus, formulating a precise and clear question that
iseasily understood by awide set of stakeholdersis
a crucial entry into the ARDI process. When the
demand for suchanintervention arisesdirectly from
local stakeholders, the facilitator should engage
with it, identify key stakeholders and participants,
and collaboratively define the central question or
Issue to be addressed. If the demand comes from a
scientific interrogation or research, the facilitator
hasto formulate the central question or objectivein
a way that will convince key stakeholders to
collaborate (Daré et a. 2009).

The second key choice involves identifying one or
several facilitator(s). Their aptitude and legitimacy
to lead the process of design-validation-use of
ARDI tools has to be ascertained.

Thirdly, it is necessary to pay specia attention to
the composition of the working group: the choice
of partners and meeting place, the periodicity of the
workshops, and the method of invitation are all
important contributorsto the success of the method.
Thisismainly because the representativeness of the
participants and thus the richness and relevance of
the conceptual model depend on the composition of
the group.

The ARDI method has been tested under a variety
of conditions, key questions, and contexts. A
diversity of territories were involved, including a
mountain pasture where contradictory resource


http://www.ecologyandsociety.org/vol16/iss1/art44/

access rights led to a conflictive situation; a water
catchment where compliance with the water law
was questioned; a set of municipalities that were
concerned with the same forest firerisk; and awide
river delta where many human activities were
overlapping. The conditionsthat led to the use of a
participatory modeling process included solving or
avoiding potential land use conflicts (Rouan et al.
2010), imagining a more sustainable management
scheme for a region (Simon and Etienne 2010,
Souchere et a. 2010)), and assessing the impact of
a regulation on water (Biggs et al. 2008) or
biodiversity management (Anselme et al. 2010).

The success of this approach to natural resources
management liesin the relative independence of an
external scientific agent who isfamiliar withandis
skilled in handling the methodological aspects.
However, there is a distinct advantage to engaging
aresearcher asfacilitator who is skilled in both the
ecological sciencesand social sciencesand who has
basic experience in facilitating debates between
researchers and managers. But a communication
expert can aso easily play this role. That is the
reason why the method was applied mainly by
French researchers who were working in the field
of companion modeling (Collectif Commod 2006),
but several agents of regional natural reserveswere
trained to apply it in France, and mediators are
currently beingtrainedinwestern African biosphere
reserves.

Finally, severa criteria should be considered when
choosing participants for the exercise. While the
choice is flexible (it is possible to invite a new
participant inthecourse of theexercise), the process
gains from having access to an initial “core group”
that will be present throughout the process of co-
construction. Apart from the compul sory reflection
on the representativeness and legitimacy of the
participants, which is commonly discussed in any
participatory approach (Steyaert and Lisoir 2005),
the composition of the core group can give priority
to different factors. Linkages between stakeholders
in resource management that occur at different
gpatial and institutional levels may enhance some
cross-scale interactions that can empower local
level user groups in creating social and political
capital (Adger et al. 2005). Ensuring that less
powerful stakeholders are involved as a means of
promoting an equitable outcomeof the participatory
process may also be a determining criterion
(Barnaud et a. 2008).

Ecology and Society 16(1): 44
http://www.ecol ogyandsociety.org/vol 16/issl/art44/

Four types of situations were encountered during
the testing process:

1. Priority was given to a scientific
representation of the system. The participants
were mainly researchers of topics related to
the issue, and perhaps who had grounded
experience of the field or were from very
Similar situations.

2. Priority was given to aglobal understanding
of the system. The participants were chosen
from extenson services whose local
experiencelegitimized their position to speak
on behalf of the stakeholders that they
frequently come in contact with. It is
important to ensure that all activities that
relateto the defined issue are covered but that
over-representing any one activity isavoided
(for example, inviting threeforesters because
there are three forest companies working in
the territory).

3. Priority wasgiventotheinvolvement of local
stakeholders who have an overall view of the
system. The participants were selected from
local stakeholder representatives who were
chosenfor their legitimacy (for example, they
were elected democratically or were aleader
of a professional organization) and for the
relevance of their activity to the initia
question.

4. Priority wasgiventotheinvolvement of local
stakeholders while seeking to cover the
diversity of the system. Emphasiswas placed
on selecting local stakeholders whose actual
practices were relevant to a particular
question rather than selecting formal leaders
of groups of stakeholders.

The position and status of researchersinthe process
was variable, and the significance of this is still
being debated among the companion modeling
community. Thegeneral ruleisthat researcherswith
knowledge of the context and maor processes
(social, technological, economic, ecological, and
political) should be engaged. Some bring expertise
to theinitia stage, while others will be engaged at
aspecificworkshop (for example, the discussion on
system dynamics or the design of the interactions
diagram) if the participants feel thereis a need for
expertise on a particular topic. This differentiation
isrelatively easy in thefield of ecological sciences.
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Itisproblematicinthefield of social scienceswhere
theresearcher may play therole of the* expert” who
has a global view of the social relationships or
economic flows but who will frequently be
confronted with diverging points of view raised by
the stakeholders who may have greater legitimacy
to speak about social or economic issues (Charles
et al. 2008).

Additional factors such as the choice of the venue
and the duration and frequency of the meetings
depend on many issues that are external to the
exercise itself. But some principles should be
negotiated and respected if the method is to be
successfully applied. For example, it is desirable
that the location of meetingsis easily accessibleto
participants, and is on neutral ground. If not, this
should be acknowledged lest it become an overt or
hidden issue within the proceedings. Each meeting
should be planned to last at least two hours, and the
participants must remain focused on the
collaborative exercise. In order to permit
participantsto keep apreciserecord of thedecisions
made and to follow up easily the step-by-step
running of the ARDI method, theideal isto conduct
all the workshops over a period not exceeding one
month. The meetings may be held in one of the
following formats: (a) in a two-and-a-half-day
workshop, (b) during one half-day per week, or (c)
over three separate days. Ideally, the choice should
be negotiated with the participants.

THE ARDI METHOD

ARDI is an acronym of the four French words,
"Acteurs', "Ressources', "Dynamiques', and
"Interactions’, that identify the four steps the
method uses to elicit stakeholder mental models of
the system they are working or living in. Thus, it
allows the progressive emergence of a shared
representation of the components and dynamics of
the system by describing stakeholders, the
resources, the processes, and the interactions
between them. The stepsinvolved in conducting an
ARDI process are described in detail below.

Co-constructing a common representation
Thefirst step of the companion modeling approach

following the ARDI method focuseson collectively
identifying the principal stakeholders who are
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concerned with the key question, their management
entities, the resources used, and the main processes
that are driving changes that affect these resources.
The group that takes part in the co-construction of
the model must clearly address a key question, the
formul ation of whichisadapted totheissueat stake.
In the South African case study, the issue that was
tackled was formulated as follows: What do you
think about water resources use and management in
the Crocodile Catchment? What is driving change
in the flow of the Crocodile River? For the ARDI
exercise, the issue was first split into the following
three questions:

1. What are the main stakeholders that interact
with theriver and its flow?

2. What arethe main resourcesof the catchment
in relation to water flow?

3. What are the main processes that drive
changes in the Crocodile Catchment that
affect theriver flow?

Depending on the extent and complexity of the
territory concerned and on the level of detail
required, the collective response to each of these
three questions can take between 1 and 3 hours. It
iIsimportant that the order of questions be respected
and thefacilitator take care that each participant has
the opportunity to voice an opinion. In the sessions
we facilitated, the following simple procedure was
adopted: (1) adrawing was made on an interactive
white board that was visible to and understandable
by all the participants, (2) for each element of ARDI,
each participant had the opportunity to respond, and
(3) only one concept was be proposed at atime. This
formal procedure is used to systematicaly elicit a
representation of the system and to avoid premature
digression and discussion.

To facilitate the sharing of mental models and
representations, the answers to the questions are
formulated as lists of words with a minimum of
coding, which makes it possible to easily classify
the information and represent it on adiagram. The
workshop is generally led by two people: a
facilitator and an observer/recorder.

A key role of the facilitator is to ensure clarity and
general agreement about thetermsor conceptsused,
such as when aresponse is either too generic (e.g.,
manager), or uses aterm that can lead to confusion
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(e.g., ash can be aplant material, awoody plant, or
the residue from afire). The role of the observer/
recorder is to keep track of the exchange between
members of the group or between one participant
and the facilitator. Among the key interactions to
monitor, three are particularly important:

1. By observing the attitudes of the participants
to each other (who is supporting whose idea,
who is arguing against whose idea), some
socid links can be revealed.

2. Writing down and analyzing the nature of
arguments developed to support or to
contradict a proposal permits the analyst to
identify the doman of justification
(Boltansky and Thévenot 1991) or the way
participants frame the issues (Bouwen and
Taillieu 2004) when they evaluate any
submitted item.

3. Keeping track of the reasons advanced for
changing a previously accepted concept or
term is a good way to follow up the group
dynamics.

The first aspect facilitates identification of social
networks, the second facilitates better understanding
of individual mental models, and thethirdfacilitates
keeping track of the path followed to reach an
agreement.

For instance, in the Crocodile River process, after
each ARDI exercise, thefacilitator and the observer
discussed their observationsand identified, for each
point that required discussion and argumentation,
which justification doman (Boltansky and
Thévenot 1991) the participants appeaed to, in
order to assert their choice. During the step used to
identify the key processes that drive changes that
affect theriver flow in the Crocodile Catchment, 12
processes were mentioned by the 10 interviewees.
Among these, biodiversity laws, climate change,
forestry development, nutrient leaching, stream
flow, water rights reallocation, and chemical
modification were identified twice; drought,
sediment load, tourism development, and crop
market were identified three times; and popul ation
increase wasidentified seventimes. Theanalysis of
the ways these assertions were justified identified
science, market/economics, and legal domains as
being the most frequent (Fig. 1).
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I dentifying key actors (“A”)

The first stage of the ARDI process culminates in
the “actors’ diagram, which iscomposed of the list
of stakeholders and the corresponding management
entities and the links between them (Fig. 2). The
exercise proceeds in three stages. Initialy, the
participants simply list the stakeholders who they
consider to be associated with the question. Aslong
as new suggestions for stakeholders are proposed,
the facilitator goes on with the next participant or
begins a new round from the floor. Each actor
proposed must be a direct stakeholder (people who
use or whose practices have a direct impact on key
resourcesof theterritory), or anindirect stakehol der
(people whose actions will encourage the direct
stakeholders to change their practices). Generaly,
the indirect actors refer to people who either bear a
public policy, enforce a regulation, or provide
financial support. Even if they are likely to be
outside of the territory, it is the way to account for
decisions made at higher scales than the scales
defined by the case study spatial limits. The
facilitator adds each input to the interactive board
by using a new label and colors to distinguish the
category to which it belongs (for example, black
case for the direct ones, blue for the indirect ones).
The facilitator may suggest subclasses to increase
the precision with which certain types of actors are
defined (e.g., farmers may be subdivided into sugar
caneand citrusfarmers) or challengetheassignment
to acategory if there is not consensus in the room.
A typical example of thistype of intervention isthe
statusgiventotheentity "herd". Certain participants
will position it asaresource, otherswill regard it as
an actor. When the grazing impact on grassland
dynamicsisasignificant process, thefacilitator may
ask whether participants think that the herd is
autonomous (it decideswhere, when, and how much
itwill graze), orif it dependsmainly onthedecisions
of the shepherd/farmer. In the first case, the herd
will beretained asastakeholder; in the second case,
it will be listed as a resource managed by the
shepherd.

Next, the facilitator asks the participants to specify
the links that exist between the identified
stakeholders and to clarify this relationship in a
simple way. Progressively, arrows are added
according to suggestions made by the participants.
Thefacilitator progressively shapesthe diagram by
bringing closer the stakeholders who have many
relations and moving those away that do not have
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Fig. 1. Frequency of justification domains used by workshop participants to justify their selection of key
processes that drive changes in the Crocodile Catchment.
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any. When the participants consider that the main
interactions between actors have been represented,
thefacilitator can identify or question incongruities
and gaps (e.g., no link between the municipalities
and the developers) or point out stakeholders who
have no relation with any others. In the latter case,
the facilitator launches a deliberation on the
relevance of retaining this actor in the diagram,
while the observer keeps record of the decision
made by the group and the justification for the
decision (the landowner is a typical example of a
stakeholder who does not have alink with anybody
but who is often retained in the diagram because he/
she can easily block the development of the
activities of another stakeholder).

Lastly, always adhering to the principle of the
negotiation, the participants must identify and
clarify the management entities used by each direct
stakeholder. Those can be spatially explicit entities
(forest plot, water catchment, dam), or not (fish,

cash).

The diagram must clearly reflect the changes made
during the subsequent steps in the ARDI process.
Red |ettersareconventionally used for topi csadded;
italicsare used for terms proposed by thefacilitator.
Wordsthat arecrossed out represent topi csthat were
eliminated when elaborating ongoing diagrams.

a0 40 50

Figure 2 showsthat when “Water Abstraction” was
mentioned during the Interaction step of the ARDI
process, “Rural Community” was acknowledged as
not being animportant stakehol der sincetheamount
abstracted was considered to be insignificant. The
rural community stakeholder concept wastherefore
eliminated. Theirrigationfarmer classwassplitinto
two categories in order to set apart commercial
farmers, who were identified as consuming much
less water than irrigation farmers. Foresters were
also split into two categories according to the level
of compliance with the Water Act. However, this
decision was reconsidered at the end of the ARDI
process. National and provincial authorities were
aggregated because one was seen as being the arm
of theother. Finally, two new stakehol dersappeared
during debates on interactions around the action “to
pollute’: developers and urban residents. In such a
way, actors are added and removed from the
representation in a discursive manner, the main
point being that the category and its meaning are
clarified as a social, dynamic process.

Identifying key resources (“R")
The second stage consists of listing the relevant

resources of the territory according to the key
stakeholders previously identified, the word
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Fig. 2. ARDI stage 1 at Crocodile River: “What are the main stakeholders that seem to be able to or
need to play a decisive role in managing the river flow?’ Words or concepts written in red were added
during the later steps of the ARDI. Words or concepts written in italics were proposed by the facilitator
to get out of adeadlock. A crossed box means that the idea was finally rejected.

Irrigation farmers

Commercial farmers

Industry

Subsistance farmers

‘ Private foresters

Corperate foresters

—

— —
Rural Gommunities

‘ Tourism operators

Developer

Local authonties ‘

National and provincial
authonties

Urban resident

“resource” applying exclusively to goods or
products used by any of the stakeholders (Fig. 3).
During the collaborative construction of thelist, the
principal types of resources are often grouped
within five main categories (infrastructure, water,
minerals, plants, and animals). For each resource
mentioned, the speaker is asked to justify hisor her
choice and isencouraged to specify whichindicator
seems to be the most relevant to making
management decisionsregarding that resource. This
indicator can be quantitative or qualitative, and if
there is debate or disagreement, several indicators
may be applied to aparticul ar resource. Participants
are encouraged to explain which characteristics of
the resource are being considered before making a
decison about that resource. Because certain
resources are temporary, one may have to specify
the period of existence (season, favorableyear) and/
or length of existence (lifespan of a building, time
for filling of a dam). The resources functioning as
exogenous variables but whose characteristics are
critical in operating the system can aso be
mentioned (e.g., the rainfall in arid or dry zones).
Thisset of indicatorswill beused afterwards, during
the model implementation and the development
scenarios steps, to visualize and compare the
stakeholders’ points of view (Etienne et al. 2003).

Several changesweremadetotheResourcediagram
during the modeling process: when the process
“Nutrient Leaching” was adopted at stage 3, the
animals farmed near the river, such as trout,
crocodiles, or ostriches, were added. But the
stakeholders had problems finding a generic word.
Finally, after awhile, the facilitator’ s suggestion of
“Farmed Animals’ was accepted.

I dentifying key processes (“ D for dynamics’)

The third stage of the ARDI process consists of
listing the main processes that drive changesin the
territory in relation to the question (Fig. 4). These
processes can deal with ecological dynamics (e.g.,
vegetation transitions or water flow), economic
dynamics(e.g., market forces, amount of subsidies),
or socid dynamics (e.g., socia cohesion,
knowledgetransfer). If thelistislarge, thefacilitator
asks the participants to rank the 10 main processes
by assigning “10” to the most important oneand 1"
to the least. Then the facilitator sums up the scores
given by each participant and selects the five
processes that get the highest score. For these
processes, diagrams are drawn to reflect participant
perspectives on what forces are driving changes
with respect to which resources.
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Fig. 3. ARDI stage 2 at Crocodile River: “What are the main resources of the catchment and the key
information needed to support their management?’ Words or concepts written in red were added during
the later steps of the ARDI. Numbers rank the items from the most (5) to the least important (1).

Surface water (5)

Agricultural land (3)

Farmed animals

Wetlands (4)

When dealing with ecologica dynamics,
participants may agree on the successive states
taken by the vegetation and specify the factors that
cause the transition from one state to another,
including the time required to move from one state
to the next. The diagram can be designed either in
Situ or as a response to a proposal designed by an
expert. In thetwo options, the diagram must clearly
distinguish between the dynamicsrelated to human
actions (effect of the techniques currently
implemented) and natural dynamics (consequence
of some types of uses being abandoned). A similar
diagram can be applied to the dynamics of water.

Attheend of thisstage, it isadvisableto review and
revise the diagrams and to identify possible gaps.
Threetypesof gapsmay beidentified: (1) anactivity
or a resource was identified but no participant
possessed enough knowledge about it. The group
then agrees to call upon an expert and nominates a
person to identify and mobilize the expert; (2) an
important actor was forgotten at the time of the
preparatory phase, and the group was concerned by
this absence. The group then agrees to invite the
persontothenext phase; and (3) anactor, aresource,
or a dynamic process were the subject of a total
disagreement between two or more participants.
The group then agrees on the choice of an expert
andthetypeof informationrequired fromthat expert
in order to solve this deadlock.

Some comments were received and changes were
made to the Process diagram during the following
steps. When eliciting the impact of afforestation on
the river flow, the acronym SFRA was chosen
because it corresponds to the terms of the law:

Residential land (2)

Flora and fauna (1)

“stream flow reduction activity”. When discussing
the importance of wetlands, two new processes
arose and were added: “Flow Reduction” and
“Water Purification”. The group could also not
agree on aprocessthat linked surface water to flora
and fauna. After much discussion, the facilitator’s
suggestion of “Life Support” was accepted.

Eliciting interactions (“1”)

The last stage of the ARDI method consists of
synthesizing answers to the three preceding
guestions by stressing theinteraction between users
and resources (Fig. 5). It isapivotal processin the
exercise since it leads to the conceptual model that
represents all interactions related to the key
question. It is advisable to devote more time to this
phase since it generally takes one half-day for a
simple diagram (34 direct actors, 3—4 resources),
and one day for amore complex diagram (5-8 direct
actors, 5-10 resources). The group must then
answer the following central question: How does
each stakeholder use the resources and modify the
processes?

The facilitator will begin this stage by distributing
and summarizing the diagrams developed during
the ARDI process, making a particular effort of
clarifying if new people were integrated into the
group. Whenthediagramsarerelatively s mple, the
facilitator directly invites the participants to
collectively construct an interaction diagram. For
that, the facilitator puts the main resource in the
middle of the diagram and proposes to position the
direct stakeholders related to this resource. Each
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Fig. 4. ARDI stage 3 at Crocodile River: “What are the main processes that drive changesin the
Crocodile Catchment that affect the river flow?’ Words or concepts written in red were added during the
later steps of the ARDI. Words written in italics were proposed by the facilitator to get out of a

deadlock.

DF Drought frequency

CP Crop production

NL Nutrient leaching (N)
WH Water heating

CM Chemical modification
UPI Urban population increase
WA Water abstraction

participant, in turn, chooses to add an interaction
between a stakeholder and a resource or between a
stakeholder and another stakeholder. The
participant can either add a link on the collective
diagram or ask to add one of the stakeholders of the
list, who has not yet been included on the collective
diagram. Each new interaction suggested must
include a verb that specifies the type of action that
generates the link. The proposer must justify their
choice and indicate, if they know, the type of
information used by the actors to make the
corresponding decision (e.g., | reduce my use of
irrigation water because the water level in my dam
islessthan 3 m; | will look for an agreement with
the Water User A ssociation because morethan 30%
of the inhabitants complain about the lack of
drinking water). Finaly, when al the arrows are
drawn, the participants locate on the diagram the
key processesidentified during the“D” stage of the
ARDI process by writing down their acronym
besides the arrow to represent an interaction that is
believed to strongly affect the resource or
stakeholder.

When the diagrams become too complex, it is
preferable to proceed by dividing up the exercise
into several manageable portions. Two options are
possible. If several key goalswereclearly identified
to be at stake during the co-construction process,
the facilitator proposes to create a diagram of
interactions for each of these stakes and leads the
procedure described in the preceding paragraph as
many timesasisnecessary to completethediagram.

SFRA Stream flow reduction activity
FR Flow regulation
WP Water purification

LS Life support

In this case, the facilitator must take care that the
resources and the stakeholders mentioned by the
participants continue to relate well to the chosen
stake, and in case of doubt, to clarify the considered
link. If key goals are not clearly identified, the
facilitator proposes to group the resources into
categories, and then constitutes working groups on
the three or four categories that appear to be most
important to the participants. In this case, it is
necessary to add a phase of combining and
comparing the three or four built diagrams.

The role of the facilitator during the “Interaction”
step is particularly important and delicate since he/
she is responsible for constructing an easily
accessible and recognizable diagram at the same
time as facilitating interactions and inputs (taking
care to avoid confusing representations and
“crossed arrows”, etc). The facilitator needs to pay
attention to the clarity of inputs from participants
(while avoiding polarization and putting them in
uncomfortable positions), and needs to regularly
revisitinputsthat are not integrated into thediagram
(i.e., boxes without arrows) without forcing the
participants too much. The facilitator simultaneously
seeks to achieve three objectives: (1) to gradually
prepare a common diagram that is comprehensible
to al, (2) to identify clear and indisputable
interactions, and (3) to leave the possibility for
addressing lapses of memory. Additionally, the
facilitator's role is to ask each participant to
reformulate their input so asto avoid uninformative
verbs(e.g., theforester managestheland, thefarmer
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Fig. 5. ARDI stage 4 at Crocodile River: “How does each stakeholder use the resources and modify the

[processes:

* White boxes indicate stakeholders, green boxes indicate resources, boldfaced letter codes

indicate processes, and blue text indicates actions. Words or concepts written in red were added during

the later steps of the ARDI.

Tourism operators

Commercial farmers

llobby feed / /
o Hute
Authorities Irrigation farmers
ahsiract
reticulatelwaterto pollute CM
ahsiract q
Sl
: Tt Indus
Urban residents _;E PORILE ey s
WH
s " \bs\
Foresters | afforest
[ _
| anl
I‘. Local authonties }P DF Drought Eequency

\ promote \{rbanization
\ %@;

Developer

CP Crop production

WL Mutrient leaching

TWH "Water heating

CM Chemical modification

TPl Utban population increase

TS water abstraction

SFEA stream flow reduction activity
FE flow regulation

TWE water purification

L3 life support

farms the field, the manager manages the budget)
or to retain only the interactions that make sense
accordingtothequestion (e.g.,inanexerciseonfire
prevention and urbanization, the interaction
between the cereal farmer and his crop field was
restricted to ploughing the stubble after harvest
because it was the only one that impacts land
sensitivity to fire).

This interaction step is generally the richest and
most interesting of the co-modeling process. To
capture this, it is essential to keep a record of the

process of constructing the four diagrams. Thereis
specific valuein knowing why and how aparticular
actor, resource, or interaction was mentioned,
retained, eliminated, or transformed. It is possible
to use many means to reach this goal: audio
recording (very comprehensive but very time
consuming to analyze), the use of a secretary who
isdedicated to thistask (very effective becausethey
can quickly give an account of the sequence
followed and how decisions were justified, but it
requires an additional person), or the use of an
interactive table or adigital camerato take a series
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of pictures of the diagrams as they are being
constructed (very demonstrative but it requires
either particular equipment or a person partialy
dedicated to the exercise).

Taking the per spectives further

The completion of these four stages leads to the
establishment of aconceptual model. Thismodel is
acritical output of the ARDI process because it is
agraphical representation of how the stakeholders
perceive the system to function. This has
fundamental implications for the next stages:
designing and implementing amanagement plan for
theterritory based onthecollaboratively established
understanding captured in the diagrams. Two
options arise for the working group that will take
the ARDI steps to the next stage: (1) work out a
proposal for a management plan (e.g., concerted
research plan, charter of sustainable devel opment)
based on the conceptua diagram, or (2) develop a
computer simulation model that will assist in
decision making and dialogue. In thefirst case, the
thinking will be focused on the territory and its
priorities of development, education, and research.
In the second case, the thinking will focus on the
implementation of a computer model or a role-
playing game to help stakeholders transport
themselves into the future and imagine and
collectively envision adaptive co-management
scenarios. In both cases, the ARDI method is
valuable and useful because it works with a
collectively established conceptualization of the
territory and provides a concrete tool for applying
the concepts of adaptive management.

The ARDI method can also be applied with the
specific research goal of comparing individual and
collective mental models, or monitoring changesin
mental models during a collaborative process. In
this case, the approach can be split into two steps:
first, a set of individual interviews where each
stakeholder’s mental model of the system’s form,
function, state, and dynamics is elicited; then a
collective exercise of co-construction of what could
be called a shared representation of the system
(Mathevet et al. 2011). This particular approach
requires additional logistical arrangements and
agreements with participants, and isuseful asatool
for collaborative reflection on the emergence of co-
management of a particular resource.
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In some aspects, the method has similarities with
problem structuring methods, such as the use of a
model as atransitional object, the emphasis put on
thegroup process, and theimportance of facilitation
skills (Eden and Ackermann 2006). As it is
concentrated on the preliminary issue conceptualization
stage of modeling and on the visualization of a
shared mental model, it can also be compared with
or completed by other methods developed for
systems thinking and applied to natural resources
management, such as hexagon diagrams (Hodgson
1992), group model building (Richardson and
Andersen 1995), influence diagrams (Cain et al.
1999), causal loop modeling (Sterman 2001), or
stock and flow diagrams (Takahashi 2008).

The contribution of the ARDI method to
decentralized democratic approaches to natural
resources management should becritically assessed
in the light of the work presented here (see D. Du
Toit, H. Biggs, and S. Pollard unpublished
manuscript). Three sensitive aspects, identified as
critical issues in recent reviews of methods to
enhance stakeholders' participation in environmental
management (Lynam et al. 2007, Reed 2008,
Voinov and Brown 2008), need to be highlighted.
First, highly skilled facilitationisrequired to ensure
mutual respect, conviviality, and psychological
safety in order to get to a common empowerment
of the participants. Specific skills are required to
anticipate unexpected reactions due to the
peculiarity of the process, to consider al types of
knowledge as legitimate, and to be sensitive and
responsive to the power relationships among the
people involved in the collaborative workshops.

Second, specia attention has to be pad to the
legitimacy of the process and representativeness of
the people involved. Thus, the method should be
tailored to aparticul ar decision-making context, and
should take due consideration of the objectives,
nature, and status of participants and appropriate
level of engagement.

Third, the objectives of the participatory process
must be clearly defined and agreed upon at the
beginning of theprocess, and regularly recorded and
revisited while proceeding. Thisgoal islikely to be
frequently challenged by the complexity and
uncertainty presented by the emerging mental
model.
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Specifically, the application of the ARDI method
has demonstrated strengths in understanding
stakeholders  perspectives and values, and
providing an effective way to get to a shared
representation of a complex system. It supports
stakeholders participation in a process that
emphasizes empowerment, equity, trust, and
learning (Reed 2008). It allowsanintegration of |ay,
technical, and scientific knowledge by stressing the
choice of clear and simple terms, and providing
access to different ways of thinking about and
representing asituation. The method takes care that
practitioners not be concerned when results are
contradictory or unexpected, and helps initial
individual surprises to be transformed into
unexpected collective discoveries (Lynam et a.
2007).

Responsesto this article can be read online at:
http: //mww.ecol ogyandsociety.org/vol 16/issl/art44/

responses/
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