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Abstract. Our main contribution, made in the context of a public administration
in Morocco charged with implementing a development program mobilizing a
multi-stakeholder participatory approach, is to develop a causal loop diagram (CLD)
to reflect the process of creating results in the context of multi-stakeholder
interrelationships. This work takes place in the context of the international
community’s efforts to achieve development goals through innovative mechanisms
for implementing programmed interventions. In this sense, multi-stakeholder
processes integrating the participatory approach are considered a collaborative and
interactive mechanism to promote the sustainable management of development
policies. This form of action mobilizes a growing number of public, private,
international, national and local actors. Far from being isolated, these actors are
linked by interdependent relationships and are part of a complex system of
interactions where information, ideas, claims, know-how and relationships are
exchanged in multiple directions in order to contribute to the implementation of
planned projects/programs. Indeed, the structures responsible for implementing
development programs are under particular pressure due to the complexity of their
scope of intervention. It is essential that development practitioners have the tools
to understand the dynamics of these systems and the key drivers of their behaviour,
enabling them to identify leverage points for effective action. System dynamics
tools are well suited to meet this challenge.

The model developed in this paper explicitly links the implementation actions taken
by actors to outcomes by integrating the different steps in the results chain, as well
as planning, implementation and monitoring activities. This model reflects the
behaviour of the system as a result of the actions and reactions of all the actors
involved at each level of implementation of the program studied, thus making it
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possible to understand the relationships of influence between the actions
undertaken and the results obtained through the behaviour generated by the system.
Developing dynamic hypotheses in relation to the real behaviour of the system
allows the analysis of the dynamics and behavioural factors of the system,
favouring the development of a performance improvement framework based on the
elaboration of action scenarios taking into account the logic of influence between
all the components of the system.

Keywords: Modelling; public performance; development program; complex
system; system dynamics

1. Introduction

Multi-stakeholder processes have played a crucial role in the implementation of
sustainable development-related goals since the 2002 Johannesburg World Summit
on Sustainable Development (Pattberg and Widerberg, 2016). The “partnership”
approach to integrated management has also been promoted worldwide as a
promising way to address development policy management challenges and decisions
(Momen, 2020; Warner, 2006). In this sense, the notion of multi-stakeholder
participation has been strongly promoted by development actors worldwide as a
response to the growing demand for participatory governance, stakeholder
engagement and interactive implementation of development interventions (Hajer et
al., 2015; Pahl-Wostl, 2007; Peter and Swilling, 2014). Thus, multi-stakeholder
processes incorporating the participatory approach are seen as collaborative and
interactive mechanisms to manage change, enhance community capacity and promote
sustainable management of development policies (Brouwer et al., 2015; Mutahara et
al., 2020). Tukker and Butter (2007) state that a multi-stakeholder participatory
process fosters the emergence of a pathway of positive transitions in a multi-
dimensional system through interactions among stakeholders and their constituencies.
Similarly, Pekkarinen and Harmaakorpi (2006) addressed the role of interactions and
collaborations in the improvement and generation of new knowledge in multi-
stakeholder innovation networks. Thus, sustaining collective action by promoting
inclusive spaces for interaction among stakeholders across multiple scales and sectors
is one of the key challenges in governance, which is required for the implementation
of development policies at the international, national, regional and local levels to meet
the aspirations of the development goals.

While cooperation among a variety of members can contribute to the
advancement of adaptive best practices, it can also lead to unanticipated reactions, as
the actions taken by a single actor may not be truly aligned with the perspectives,
assumptions or expected outcomes of others, leading to unexpected reactions
(Brugnach and Ingram, 2012; Pluchinotta et al., 2018). This can cause the system to
generate behaviours that push to neutralize the interventions being conducted by
defeating them as a form of dynamic dysfunction (Sterman, 2000).
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One of the fundamental challenges of conducting such an exercise is operating in
a very complex context. It is a system with a multitude of parameters and actors in
constant interaction (Chatibi and Lotfi, 2018). The result of this complexity is that,
very often, there is no obvious linear causality to attribute a change to the action of
an actor. Observed changes almost always have multiple causes, and acting on one
variable can have uncontrolled effects on others.

In such a context, the ambiguous and unpredictable nature of the domain of
intervention, the importance of non-linear interactions in organizational dynamics
and the functions of emergence, co-evolution and self-organization must be
emphasized (McDaniel and Driebe, 2001). Therefore, it is necessary to understand
the complex causalities and multiple links that characterize such a system. This often
involves trying to identify the most influential parameters of the system in order to
act as early as possible. The use of the analytical approach in such contexts is
gradually being challenged and complemented by a new form of approach called the
systems approach.

The systems approach considers a problem in all its dimensions. Its application
in public administration, and specifically in the implementation of development
programs, could allow for a better understanding of the complexity of the problems
related to this field of intervention, of the stakes involved in development and of the
need for all actors to take well-thought-out action. Managing development programs
is such a vast mission that understanding the links between them makes it easier to
understand this entity and to know where and how to act at our level for this
development.

Considering to act in a context of apparent complexity, we need specific
instruments to represent our perceptions in order to facilitate the interpretation and
analysis of our field of intervention. To do so, we model the system on which we
intervene with a systemic and multi-level approach.

In this sense, the use of system dynamics modelling allows us to develop a
representation that highlights the structure and behaviour of the system studied. In
complex systems, individuals have to develop a common vision of the situation
within the organization, as well as its implications and meaning, in order to overcome
the lack of understanding of the dynamics of this type of system.

Through the work presented in this paper, we are interested in constituting the
basis for guiding the envisaged performance improvement work. Consequently, we
conducted an analysis of the existing work based on modelling. This exercise aimed,
on the one hand, to understand the functioning of each component of the National
Initiative for Human Development (NIHD) program and to identify the existing
interactions between the different actors. On the other hand, this work sought, through
the participation of all stakeholders in its realization, to start a relationship of trust
and communication with and between the various stakeholders to facilitate the
ownership of the results from a perspective of change management. Through our
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contribution, we intend to support the managing entity in the choice of measures to
be put in place to improve the performance of the program for which it is responsible.
The choice of modelling makes sense because of the complex nature of our field of
intervention.

We divided this paper into three principal parts. The first part specifies the
positioning of the research in the theoretical field and highlights the needs concerning
the modelling and the specificities to be considered in the envisaged performance
improvement work. We then present the methodological framework that served as a
reference for the realization of our causal loop diagram (CLD) by detailing the
research approach that we used and the methods we used to develop our models. Then,
we present, in the third part, the results from the modelling and the analysis.

2. Literature Review

2.1. Multi-stakeholder complexity

The multi-stakeholder public policy can be viewed as a complex system, and using
Stevenson’s (2012) sens complexity is an underlying feature of human social systems.
According to Franco (2002), social organizations exist to achieve a specific goal, and
such systems contain and transmit concepts, values, ideas and culture that influence
the system’s dynamics. According to Duek et al. (2010), social systems are
characterized by intentional agents who make decisions about their own and others’
purposes. These individuals, on the other hand, are autonomous, heterogeneous
individuals who are purposeful in nature and strive to achieve their own goals (Bogg
and Geyer, 2007).

Social complexity frequently takes the form of wicked problems, in which
stakeholders are unable to explicitly identify the problem and have no real framework
for determining success or getting any simple solutions on hand (Barry and Fourie,
2001; Proches and Bodhanya, 2013). This complexity persists because each agent has
a different perspective on the world, and no one perspective is correct or incorrect
(Proches and Bodhanya, 2013). This reflects each actor’s mental models, which
capture their perspectives on how they see reality. The behaviour of agents is
generated by their relational model, which results in an action based on their
perception of the environment (Anderson, 1999).

The dynamic interactions of stakeholders who are engaged in performing a
specific goal give rise to social complexity. Thus, organizations can no longer be
understood in a mechanistic manner in which assumptions and solutions about the
whole are based on an examination of the individual parts (Stevenson, 2012). The
concept of a rational agent is also called into question due to its failure to account for
the complexity that arises from dynamic systems containing various actors (Levy,
2000). According to the same author, the field of management can benefit from the
complexity theory by understanding how effective learning and self-organization can
result in the emergence of new forms.
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Over the past 50 years, system dynamics has evolved in tandem with
sustainability research (Pedercini et al., 2020), beginning in the early 1970s with Jay
Forrester’s seminal book, The Limits to Growth, which studied global dynamics and
predicted the failure of the socio-technological-natural system by the middle of the
21st century. Since then, collaboration between system dynamics and sustainability
research has advanced in many areas, including the environment and energy (Ford,
1997) and socio-cultural systems, all in the context of sustainability (Saeed, 2019).
New theories supporting sustainability in other areas have also prompted the use of
system dynamics modelling. These include the use of system dynamics for resilient
governance in the face of extreme ambiguity (Eker and VVan Daalen, 2015; Kwakkel
and Pruyt, 2013), in which system dynamics models with relatively simpler and faster
simulation engines allow for the exploration of many decision measures in a wide
range of realistic scenarios.

2.2. System dynamics for complex systems

System dynamics is an approach developed to understanding, analysing and
managing complex transdisciplinary phenomena with multiple stakeholders,
interactions and feedback, such as those found in many organizations and other social
systems. It is an approach that strives to design a framework using representational
models to illustrate certain parameters of the reality of complex systems (Elias, 2012).
System dynamics modelling provides a mature thinking framework for developing
an advanced understanding of the internal structure of the system under study (Yin et
al., 2013).

The system, the central object of the approach, is defined as “a complex of
interacting elements” (VVon Bertalanffy, 1968). The development of this definition
presents the system as a dynamic interaction between its components, oriented
according to a goal (Jo&, 1975). In the sense given by Le Moigne (1977), a system is
an object for its own purposes that carries out an activity in a specific environment
and that has an internal structure that develops over time while preserving its identity.

The multiplicity of the elements that make up a system and the multiplicity of
their interactions, to which the diversity of its dynamic behaviours is added, represent
the sources of its complexity. Considering this characteristic of the interdependence
of the elements of a system, trying to conduct a separate analysis of a system is almost
utopian (Baubeau and Pereira, 2004).

All of these characteristics can only show the difficulty of dealing with complex
systems in the sense that the global and local in such areas are intimately linked. Any
intervention that is considered must be related to the global behaviour of the system
as well as to the specific context in which it is situated (Keating et al., 2001). The
actions are thus intertwined in a complex context and involve several scientific
disciplines and multiple stakeholders (Beers et al., 2006).

To complete our analysis of the existing situation, we resorted to the dynamic
modelling of systems through the causal loop diagram tool to have a visualization of
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the dependency relationship between the components of our system. We argue that
CLD is a particularly useful method for our study, as it is widely applied in situations
where interacting processes and effects are nonlinear (Davis et al., 2007).

In this sense, the causal loop diagram is often used to show the causal
relationships between several interacting variables (Morecroft and Sterman, 1995)
through a qualitative model that maps the elements/variables of the system and shows
the causal relationships that are formed between them. In addition, it is a simple way
to clearly observe feedback loops that can result in complex behaviours (Myrovali et
al., 2018). The arrow connecting one variable to another symbolizes a causal
relationship in the Forrester diagrams, where the signs on the arcs correspond to the
polarity of the causal relationship. Thus, a positive notation (+) shows that the more
we do the action at the origin of the arrow, the greater the effect at the tip of the arrow,
showing that the variables move in the same direction. On the other hand, a negative
notation (—) shows that the more we do something, the less effect it has. Here, the
variables move in opposite directions.

These relationships represent the basis for the constitution of feedback loops in a
CLD, which are of two kinds: positive and negative. Positive feedback loops are those
where the variation of an element propagates throughout the loop so that the initial
variation is reinforced, hence the name amplifying loops (Quan-chen et al 2016).
Popular names for this type of loop are the snowball and vicious circle effects. This
type of loop has either explosive (exponential growth) or implosive (faster and faster
decay) behaviour. Feedback is positive if it contains an even number of negative
relationships or only positive relationships (Cambien, 2008). Negative feedback
loops oppose and respond to change and describe processes that tend to generate
equilibrium. The specificity of these loops lies in the self-correcting behaviour of the
generated actions. In other words, any variation produced on one element of the loop
tends to cancel itself out. Such a loop tends to bring the structure of the system into a
state of equilibrium, hence the name stabilizing loops (Myrovali et al., 2018).

3. Research Model

3.1. The case study

Our intervention takes place within the program of the (NIHD) in Morocco. This
initiative, launched in 2005, represents multi-sectoral and multidimensional for
development vision, based on a multi-stakeholders participative approach to
improving the living conditions of disadvantaged populations. Coordination of the
implementation of this initiative at the territorial level is granted to the prefecture of
each locality (public administration).

Among the programs of this initiative, our study focuses on the analysis of the
program of support for economic integration and improvement of the income of
young people in vulnerable situations. This program is dedicated to the financing of
income-generating projects (micro-projects) for the benefit of people organized in
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associations, cooperatives or partnerships. The amount of funding granted is
approximately $21,000 per project, which represents a nonrepayable grant by the
beneficiaries (free funds). The amount of the grant awarded represents 70% of the
total amount of the project funding, and the remaining 30% represents the amount of
the project holder’s contribution.

The annual budget allocated to this program is equivalent to $620,000, which is
dedicated to financing projects proposed through periodic calls for proposals.

The performance of this program is evaluated on the basis of two main financial
indicators that the managing entity is expected to achieve annually. The first indicator
is the commitment rate, which should reach 90% of the allocated funds; the second
indicator is the emission rate, which should reach 70% of the committed amount.

For several years, the managing entity has continued to record rates below the
objective (annual commitment rate of 60%; annual emission rate of 40%) despite the
efforts made to improve them. In addition to these unsatisfactory rates, a significant
number of projects have been cancelled or are pending, which represents a lack of
optimization in the use of public funds.

It is in this context that our participation in this entity is situated. We joined the
team in charge of the implementation of the program presented above to form a group
of analysts to develop a CLD, allowing first to understand the behaviour of the system
studied and then to constitute a basis to guide the actions of improvement of the
above-mentioned indicators.

Causal loop model building process

The approach adopted in this paper is a multistep participatory methodology
designed and applied to satisfy our previously stated research objectives.

The process of developing our model can be divided into two main phases. The
first step aimed at clarifying the implementation phases of this program by identifying
the main components of the results chain, its inputs, outputs and the actors involved
in each phase. Based on these results, we began the modelling work that led to the
development of our CLD.

Phase 1: Data collection and understanding of the structure of the program
under study

This phase was initiated by reading and analysing the internal documents of the
program under study (procedure manual, fiduciary manual, orientation note, minutes
of the selection committee, minutes of the steering committee, minutes of the
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monitoring committee, the reporting table, etc.), supplemented by working sessions
and exchanges with officials of the Social Action Division (the division in charge of
coordinating the implementation of the program at the prefecture level). The work
carried out at this stage enabled us to identify the main steps in the results chain of
the program studied (Figure 1), seeking to understand the general implementation
process of this program and identifying the actors involved at each stage.

Fig. 1: The value chain of the income improvement program for vulnerable youth

Subsequently, we began a new series of working sessions with the participation
of all the actors identified in the results chain analysis phase.

The first working session was dedicated to the presentation of the object and
purpose of the exercise, as well as a presentation of the basic principles of CLD.
Afterwards, the participants were invited to present their missions and roles in the
implementation of the program. The participants discussed the logic of implementing
the activities assigned to them, as well as the constraints and dysfunctions they
observed during the execution of their functions.

Through the exchange carried out during this session, each actor was able to
express his individual perceptions and expose his mental model to the other
participants. At the end of this session, all participants became aware of the elements
constituting the result chain, thus moving from a partial view of the implementation
process of the program in question to a global view of the general structure of the
program studied.

Based on the results of this phase, we were able to identify the main components
of each step of the youth income-generation program’s results chain, as detailed in
Table 1 below.

Table 1: The value chain components of the income enhancement program for vulnerable

youth
Phase _Actors Activity to be carried out Result of the
involved phase
Members of Evaluate the quality of the
. the technical submitted projects . .
Selection of o . pro) . Final list of
. commission Assign the score for each project .
projects - - — projects
- Awarding the final decision of -
eligible for Members of - eligible for
. o acceptance or rejection .
funding the piloting s . . funding
X Deciding on the list of projects
committee S .
eligible for funding
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Certify the payment of the
Project holder | participation to the project (30%
. of the amount of the project) Partnership
Producing -
; Program Elaborate partnership contracts for contracts
partnership X ) . :
manager the financing of accepted projects | validated for
contracts - .
The president commitment
of the piloting Validate partnership contracts
committee
Commitment Manager of Validate the programming of Committed
of partnership the budget budgets allocated to each project
. . contracts
contracts service in the budget management system
The 1st
Release of tranches paid
the 1st Manager of Validate the release of the 1st P
L . to the
tranche of the budget tranche of the project’s financing
. . ) accounts of
funding/proje service amount :
the project
ct
holders
Monitoring Project holder Justify the phys_lcal start of the
of the project
physical start Monitoring Validate the physical start of the Lite of the
of projects committee project started
tha_t have Program Establish the validation minutes projects
received the for the | h of proiect
1st tranche manager or the launch of projects
Justify the materiality of the
Materiabilit Project holder | expenses incurred in the execution List of
tracklin '(;fy of the 1st tranche projects that
g Monitoring Validate the materiality of the have
the 1st . on of th h | h
tranche committee exe_zcutlon of the 1§t trgnc e completed the
Program Etablir les PV de validation de la 1st phase
manager maté&ialitéde la 1&e tranche
The 2nd
Release of .
the 2nd Manager of . I . tranches paid
Establish the validation minutes of to the
tranche of the budget the materiality of the 1st tranche accounts of
funding/proje service y )
the project
ct
holders
Justify the materiality of the
Materiabilit Project holder | expenses incurred in the context of List of
tI:I(?Ei?] '(;fy the execution of the 2nd tranche projects that
g Monitoring Validate the materiality of the have
the 2nd . .
tranche committee execution of the 2nd tranche completed the
Program Validate the materiality of the 2nd phase
manager execution of the 1st tranche

Source: Authors’ analysis

The interpretation of this table illustrates the multi-stakeholder intervention mode
at the level of each phase, with an interrelated execution of the activities allowing the
achievement of a particular result.
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This phase was knowledge-structuring and constituted clarification of the general
structure of the system under investigation to guide the development work of our
CLD (moving from structure to behaviour).

Phase 2: Design and analysis of the causal loop diagram

The development of our causal loop diagram was based on the results of the
outcome chain analysis phase. Following this phase, we organized a series of work
sessions. Each session brought together the actors involved in each step of the results
chain. The objective of the session was to identify the variables that would allow for
the development of intermediate causal loops (causal loops for each step in the results
chain).

The loop was constructed according to the logic “From structure to behaviour”
by exploiting the elements of Table 1. Thus, for each loop, we started by identifying
its triggering element, which represents the result of the previous step in the result
chain, and then deduced the effect it generated to define the first variable of our loop.

For example, the trigger for the first loop was the notification of funds (amount
allocated to the program), which informed us of the number of projects likely to be
funded. This information allowed us to deduce the 1st variable of the loop named
“Number of desired projects”. The number of desired projects reflects the available
funding capacity, which, in turn, translates into a willingness to fund new projects.
This is expressed by the 2nd variable of our loop named “No. of accepted projects”.
The information from this 2nd variable corresponds to the result of the 1st step of the
result chain (list of projects accepted for funding) presented in Table 1. The result of
this step represents the trigger for the second loop and so on.

Each session allowed us to develop a causal loop explaining the mental model of
the actors in the stage analysed using the free software VENSIM 8.2.0.

Once the working sessions per stage were completed, a final session was
organized with all stakeholders from all stages. The causal loops developed for each
step were used as a basis for guiding the collaborative discussion from a partial view
(individual loops) to an overall view (collective loops grouping all the individual
loops) and for refining the causal links between the loops to develop the CLD model
presented in Figure 2. This work allowed us to guide the stakeholders in developing
a consensus on their perceptions of the system under investigation through
participatory exercises.

10
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Fig. 2: Causal loop diagram of the income enhancement program for vulnerable youth

This diagram is an intermediate form of representation of our empirical
knowledge, allowing us to conduct qualitative analyses of the behaviours of the
NIHD system to guide us in formulating the basic elements for the definition of
measures that could improve the performance of NIHD interventions in the target
prefecture.

The 1st loop represents the selection phase. The main actor in this loop is the
technical commission, which is responsible for processing the applications and
awarding the evaluation based on the quality of the application. The list of projects
accepted for funding is decided by the piloting committee on the basis of the results
of the technical commission. This loop, through the effect of the quality of the
selected projects, has an immediate effect on the contractualization loop and the
commitment loop and a delayed effect on the quality of the execution of the projects,
thus influencing the rate of issuance and the rate of completed projects.

The analysis of this loop revealed that some project holders abandon the funding
process after having obtained the acceptance of the commission, which interrupts the
equilibrium of this loop in the sense that not all of the accepted projects will be funded,
which will generate a new need to restart the selection process to reach the level of
desired projects. It expresses an unexpected action of the project leaders that
influences the behaviour of the system.

11
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The loop will maintain its equilibrium by neutralizing the effect of the abundance
rate, which should be maintained at almost zero by improving the selection process
in conjunction with a multi-criteria evaluation process.

However, the quality of selection is not only influenced by the quality of the
project application but also by the level of experience and competence of the members
of the technical committee in assessing the quality of project design. Therefore,
particular importance should be given to the process and the basic criteria for the
selection of panel members.

The 2nd loop represents the contracting phase. The analysis of this loop revealed
a significant influence of the time it takes to process contracts on the commitment
rate. We found that the rate of production of contracts increases towards the end of
the year and, therefore, towards the closing date of the commitments. Faced with this
situation, the staff is obliged to increase the production rate to the detriment of the
time allocated to drafting, which accentuates the rate of error generation and thus
reduces the number of agreements accepted for commitment.

Establish a schedule for editing contracts in such a way as to allow the necessary
time for quality editing and thus increase the rate of contracts accepted for
commitment.

The third loop refers to the commitment phase that is directly influenced by the
quality of the contracts processed and, therefore, the acceptance rate for commitment.
The more agreements that are committed, the more funds are available and, therefore,
the fewer projects that need to be funded.

The improvement of the first two loops will directly influence the level of
commitment and, therefore, the achievement of the desired objective.

The 4th, 5th and 6th loops illustrate the monitoring processes that influence the
rate of emission of funds. The 5th and 6th loops are strongly influenced by the quality
of project implementation, which, in turn, is dependent on the quality of the project
at selection and thus the selection process (Loop 1).

Another important factor influencing the rate of project implementation is the
level of competence of intermediary groups and project holders (Loop 7), which plays
an important role in the process of project implementation through the quality of the
support provided to project managers.

4. Discussion

The developed CLD allowed all the actors to understand the behaviour of the
analysed system through the establishment of influential relationships between the
different components of the result chain and implicitly between the different actors
involved. Thus, they moved from an action logic based on the structure that represents
the static view of their system to an action logic based on the general behaviour of
the system, which illustrates the dynamic view.

12
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Thanks to this model, all the actors were able to visualize the sequence of all the
phases of implementation of the interventions initiated within the framework of the
analysed program as well as the existing interactions, thus facilitating the
interpretation and the identification of the sources of the recorded lack of performance.

The main source identified was related to the way in which the limitations of the
NIHD system were considered, which influenced the dimensions considered for
defining the measures taken to improve the performance indicators.

This exercise simplified all participants’ understanding of the behavioural reality
of the NIHD system. Indeed, the implementation of the analysed program is based on
a multi-stakeholder approach (multi-sectoral representatives in the selection
committee, the monitoring committee and the steering committee) and a participatory
approach (deliberate decision-making between actors representing the associative
fabric, the deconcentrated sectors of the state and the local authority).

However, our analysis revealed that actual implementation is concentrated at the
internal level (the managing administration, which represents the physical limit of the
system). This way of looking at the NIHD system puts particular pressure on internal
managers at the prefecture level, for whom the problem of improving target
performance indicators can be achieved through the adoption of good management
practices through strong internal coordination.

The modelling exercise we conducted allowed us to initiate a reflection on this
topic and to initiate an awareness to rethink that the limit of the NIHD system is
beyond the real limit of the prefecture’s physical system. Indeed, the real limit of the
NIHD system should also include all actors involved in the chain of results. This way
of thinking about the NIHD system has fostered a new way of looking at the
program’s indicator improvement exercise, which should be carried out in a
coordinated manner throughout the system’s implementation process according to a
multidimensional logic and not just at the level of a single loop or be limited to
internal management.

To structure the presentation and explanation of our model according to multi-
dimensional logic, we grouped our factors into three broad categories that influence
each other:

- The first category corresponds to factors of a human nature, such as productivity,
stress, level of competence and expertise and inter-actor communication;

- The second category corresponds to factors of an organizational nature, such as
planning, task allocation, control of project execution and satisfaction of objectives;

- The third category includes variables related to the external environment, such
as the involvement of partners, compliance with commitments, etc.

The current study is the first of its kind in our field of study to use modelling
languages and, more particularly, dynamic modelling through the CLD to analyse the
NIHD system.
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The process adopted for the development of our model is based on a participatory
approach to promote the development of a collective reflection through an effective
participation of stakeholders for the treatment of the problem in question in the sense
that the improvement of target rates must be done by a synchronized action and a
collective coordination of all actors involved.

However, for the realization of this research, we should face certain constraints
already raised at the level of literature specialized in the dynamics of the systems.

The first constraint was the lack of an explicit framework of steps to follow for
the development of our CLD. The literature presents only the main steps of the
modelling process, limiting itself to brief descriptions of the modelling process
without providing a complete guide for its deployment (Forrester, 1958; Forrester,
1994; Maani and Cavana, 2007; Richardson and Pugh, 1981; Sterman, 2002; Vennix
etal., 1992), which may be satisfactory for academic purposes and for theory building
(Schwaninger and Hamann, 2005) but presents a major constraint when interacting
with the practical world and particularly in the presence of actors new to modelling.

To address this shortcoming, some researchers have moved toward adopting
combined methods approaches to guide their modelling work to represent mental
models in order to facilitate the construction of dynamic models (Hall et al., 1994;
Lane, 1992; Vennix et al., 1992; Vennix, 1996).

It is in the continuity of this movement that our research takes place. Thus, we
adopted a two-step method to convey the development of the causal loop diagram
using a combined modelling approach following the logic of structure-based
dynamics. To this end, we began our CLD development exercise with an analysis of
the structure of the program under study, which resulted in the construction of the
result chain presented in Figure 1 and, subsequently, an analysis of the components
of each stage of the result chain summarized in Table 1.

The main reason for conducting this exercise was to facilitate a smooth transition
to the development of the CLD model in a way that ensured that the actors involved
in this exercise had fully understood the difference between a system component that
reflects its structure and, therefore, its static state and the behaviour that expresses its
dynamics.

This approach was mainly motivated by the presence of actors with different
levels of education and different interests, as well as by the fact that they were new
to modelling. This situation led us to move progressively from structure to behaviour
in order to generate a common understanding close to the reality of the system under
analysis.

Another challenge that we should face in the implementation of this approach is
to overcome the traditional development logic of system dynamics models that are
carried out according to an external consultant logic, in which a modelling expert
studies a problem, develops the dynamic model, analyses it and formulates
recommendations for the resolution of the investigated problem. The results of the
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implementation of this type of approach are rather limited in the sense that the
collective perception and vocabulary of the actors of the real system and that of the
external consultant do not coincide, leading to a rejection of the appropriation of the
designed model (Zock and Rautenberg, 2004). To overcome this obstacle in our field
of study, we adopted a participatory approach for the development of the models
designed in this research by inviting all the actors involved in the global process of
implementation of the program studied to take part in all the phases of the modelling
project, either at the structural or dynamic level.

The use of the logic of collective construction of the explanatory model of the
analysed system allowed, through consideration of the cognitive dimension, to move
from an action based on a partial perception of the actor to the development of an
overall view by integrating the different perceptions of the actors working in our
system. Moreover, by following a pluralistic and global approach, we have worked
towards the conception of a conceptual framework accepted by all on which the rest
of this research is based at the dynamic level.

5. Conclusion

The initial intention to understand the implementation system of the program studied
in order to propose a basis for formulating an approach to improve the performance
of development programs based on a multi-stakeholder approach led us to adopt a
systemic approach using dynamic system modelling. The results obtained allowed us
to achieve our objectives. Thus, we were able to clearly visualize the functioning of
our system and facilitate an understanding of the dependency relationships between
its elements.

Moreover, by adopting a systemic approach, our work favoured dialogue and
exchange with people from different backgrounds and functions using different
languages. This multidisciplinary character allowed us to enrich and adapt our
research work and bring new knowledge corresponding to the expectations of all
stakeholders.

Through our experimentation, we have confirmed that the application of a
systemic approach to the study of our development program highlights the
mechanisms of its implementation and the relationships of dependence between its
elements, thus improving the understanding of our field of intervention.

We can show this through our models by the existence of dependency
relationships between several dimensions that influence each other. This has led us
to think about a way of acting that allows us to put in place the conditions that favour
the emergence of the desired performance by working on all the factors while
respecting this multi-actor dependency relationship.

In fact, this study demonstrated the usefulness of using causal loop diagrams to
visualize the interdependence and mutual influence of the actions carried out by the
main stakeholders and to show how this influences the targeted performance
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indicators. This work has also fostered the emergence of a basis for communication
and exchange that allows for a structured and focused discussion among stakeholders
to develop an integrated perspective on the complex issues of managing the program
in question.

However, dynamic behaviour cannot be deduced from qualitative modelling
alone (Richardson, 1996), which is the main limitation of our work. To overcome this
constraint, we plan to start a second phase of our research (which will be the subject
of another article) for the development of the quantitative model (stock-flow diagram),
favouring the consideration of the temporal dimension for the development and
testing of improvement scenarios through a simulation exercise.
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