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a Faculty of Engineering and Information Technology, University of Technology Sydney, Australia 
b Systems Analysis Laboratory, Aalto University School of Science, Finland 
c Faculty of Engineering Technology, University of Twente, the Netherlands  

A B S T R A C T   

Systems Intelligence (SI) can contribute to the design and practice of Participatory Modelling (PM) by paying attention to the interplay of the ‘soft’ socio-emotional 
system created by the actors involved and the dynamics created by their interactions and the ‘hard’ structure of the process. Here, we argue that by combining the 
perspective of SI with the four functions of PM (normative, substantive, instrumental, and educational), we can strengthen a collaborative and positive PM process, 
systematically designed to create socio-emotional decisions that stakeholders bring out into a wider system with them. This entails drawing from the four functions of 
PM, (normative, substantive, instrumental, and educational). To provide a blueprint of how each function might be achieved, we examine, through a trans-
disciplinary lens, the characteristics of each function, the sub-components and practical suggestions of how that might be applied in a PM context. Our main focus is 
to encourage a systems-based approach to achieving these functions, thereby avoiding piecemeal solutions, so we explore how the perspective of Systems Intelligence 
provides a lens and organizing structure to consider, design and facilitate PM. SI can help us to conceptualize and design PM, as it understands the central role of 
people within a dynamic system, a key starting point for those looking to design or direct their own PM process or for those searching (researchers, practitioners, or 
policymakers) for long-term solutions to problems of socio-ecological systems (SES). We look at how these two fields, PM and SI, might combine in practice, and 
suggest several promising areas of study to explore further. These insights will be of use to PM facilitators and researchers, as well as others using participatory 
methods in addressing SES challenges, particularly those encouraging the adoption of systemic perspectives, like Systems Intelligence.   

1. Introduction 

As many of the world’s socio-ecological systems (SES) strain or verge 
on collapse due to human pressures, questions arise. Namely, what can 
be done to protect and sustain the environment, and how can solutions 
be put into practice? In many cases, we already have a good idea about 
what has to be done to solve a problem, but argument, conflicting in-
terests, and differing values often make implementation contentious. 
Policies and interventions rarely consider the whole picture of the entire 
integrated SES, instead attempting a piecemeal approach that often 
creates new (and sometimes worse) problems. Fortunately, research 
suggests SES can be better managed and transformed by the same 
humans driving this collapse (I [1–4]. To do so, we need to 1) recognize 
human behaviors and decision-making as central to the process of 
transformation and 2) recognize this as a system, not as a linear equa-
tion, with a multitude of inputs, outputs, interactions, and relationships, 
of which we are an inseparable part. 

A promising tool and methodology for this challenge is Participatory 
Modeling (PM), defined as: “a purposeful learning process for action that 
engages the implicit and explicit knowledge of stakeholders to create 

formalized and shared representations of reality” [5]. Key to this process 
is the ability of PM, through a shared focus of stakeholders and re-
searchers around a ‘model’ to move from hidden, implicit, individual 
mental models to a collaborative, explicit, group representation of the 
system and problem of interest [6–8]. This collaborative effort, through 
the building of a model, becomes a way to exchange information to 
move toward a ‘shared understanding’ of a given system, its compo-
nents, and its relationships, which includes the stakeholders and the 
researchers (Kenny, 2017). PM empowers stakeholders to draw from 
their own values, needs, and expertise in developing this understanding, 
with each stakeholder bringing their own ‘piece’ to build a larger sys-
temic understanding of the system’s ‘puzzle’ [9–11]. 

In PM, there are a number of tools and modelling ‘types’ within the 
field (see Voinov, Jenni, et al. [12]), as well as legitimate questions over 
what merits the inclusion of stakeholders in a truly participatory fashion 
[10,13–15]. Successful examples of PM applications to SES include 
watershed modelling and management in the US [11], groundwater 
modelling in the Netherlands [16], the management of fisheries [17], air 
pollution in the UK [18], management of national parks in Portugal (N. 
[19], policy and natural resource management in Indonesia [20], 
land-use and farming in Nicaragua [21] citizen science and conservation 
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[22] and numerous others. In these and other examples, stakeholder 
knowledge sought as a part of the PM process complements researcher 
expertise [23]. While the field of multi-criteria decision analysis 
(MCDA) [24] also uses models to structure problems [25] for the eval-
uation of alternatives with a number of applications, including policy 
problems such as parliamentary decision making on nuclear power 
(Raimo P [26]. to engineering and environmental management [27], we 
do not explicitly consider this field in this paper as we needed to narrow 
our transdisciplinary search of the literature, which would otherwise 
expand indefinitely. 

The socio-political context, the resources and time available to re-
searchers and stakeholders, and the characteristics of the group itself 
can and do affect decisions around who should be involved and how 
involved they should be [4,28]. Others have tackled this debate and we 
focus instead on the purposes or functions of PM and how they might be 
achieved by drawing on insights from other fields to improve the 
participatory or ‘soft’ side of PM. Specifically, we focus on how that 
people-centered approach, (as opposed to a more technical focus on 
modelling) might be improved so as to systematically enhance the ways 
of working with stakeholders, in the hopes of ultimately achieving better 
system outcomes. There is a great deal to be learned from various fields 
in doing so, and taking a transdisciplinary approach to finding solutions 
offers the opportunity to better the ‘soft’ side of PM. 

In discussions of systems and solutions, it is vital to remember that 
PM is always related to a problem and a context; it uses modelling as a 
tool for a specific purpose. And while there are many ways to categorize 
PM and the purpose(s) for which it is used, we focus on the four func-
tions of PM, as pointed out in LaMere et al. [29]. Those four functions 
are (ibid): 

● Substantive: the ability to solve problems by integrating and syn-
thesizing diverse knowledge and perspectives 

● Normative: increasing legitimacy, trust, and transparency by incor-
porating stakeholder knowledge into decision-making  

● Instrumental: building relationships between stakeholders to reduce 
conflict and/or improve the implementation of decisions made in a 
PM context, or in the aftermath  

● Educational: helping stakeholders to learn, about the issue at hand, 
about themselves, about each other, and about the system to which 
they belong 

These functions are by no means exclusive. One may be of more focus 
than others within a particular PM process, but they interact with each 
other, and may shift over the course of the process. Much like PM, which 
itself is an iterative system. Actors, (e.g. stakeholders, facilitators, and 
modellers), and their behaviors during the PM process create ‘dynamics’ 
through their inputs; each actor has a communication style and a 
perspective and they react to the styles and perspectives of others. In a 
social system like the PM process, the ‘inputs’ create dynamics in socio- 
emotional variables such as trust, positivity, psychological safety and 
emotional commitment to collaboration. For example, the building of 
trust takes time and depends on the style of interactions. Loss of trust can 
happen much more quickly than the building of trust. As such, the 
structure of this system is defined by the way the PM process is planned 
and organized, including how the interaction and communication takes 
place and how the modelling is integrated into the PM process. Any 

facilitator of such a process has a key role in steering the dynamics of this 
system but the role of other participants is also important as there are bi- 
directional feedbacks between everyone involved [30,31]. 

In evaluating the functions, we use a transdisciplinary lens to lay out 
a number of practices, strategies, and tactics that could be implemented 
to achieve any particular function. We also do so with caution against 
piece-meal solutions. We do not aspire to fix one problem in PM only to 
create another, unexpected, possibly worse problem. 

Systems thinking is useful in this regard, as one of the underlying 
theoretical bases for participatory and systems based models [32,33]. 
Systems thinking has evolved to conceptualize ‘models’, informally or 
explicitly, to “draw conceptual boundaries around a system and identify 
how a system’s structure relates to its behaviour and function. If our 
conceptual models of a system sufficiently align with reality, then we 
can better predict its behaviour, consider possible outcomes and there-
fore improve our decision-making about complex social or environ-
mental problems” [34]. This is crucial to capture the complex 
interconnections and emergent properties for the SES problems PM often 
seeks to confront, but does not always account for the socio-emotional 
dynamics that occur as an active part of building that model representa-
tion with other people. 

As such, we also explore the ability of Systems Intelligence to 
encourage a broader systemic view that ‘frames’ the soft approach to 
working with people, and provides a lens in which unexpected problems 
are not so surprising, allowing us to find solutions and to move toward 
‘better’ problems in the practice of PM and the management of SES. This 
kind of a systems perspective is taken as the starting point in the concept 
of Systems Intelligence (SI) originally introduced by Saarinen and Raimo 
P Hämäläinen [35] and further elaborated upon in later works [36–38]. 
And SI has a lot to offer on understanding and working with the people 
at the center of the PM process. SI was originally defined by Saarinen 
and Raimo P Hämäläinen [35] as: “intelligent behavior in the context of 
complex systems involving interaction and feedback. A subject acting 
with Systems Intelligence engages successfully and productively with 
the holistic feedback mechanisms of her environment. She perceives 
herself as a part of a whole, the influence of the whole upon herself as 
well as her own influence upon the whole. By observing her own 
interdependence in the feedback intensive environment, she is able to 
act intelligently”. SI was operationalized on the individual level, vali-
dating the Systems Intelligence Inventory as a self-assessment tool [39]. 
This produced the eight factors of SI. The concept of SI and the related 
inventory can also be applied on an organizational level (Törmänen 
et al., 2020). 

For our paper, we first examine each ‘function’ of PM, drawing from 
various fields to learn from what they know, offering transdisciplinary 
insight into practices, strategies, and tactics that might be used to 
improve PM. These insights will be of use to PM facilitators and re-
searchers, as well as others using participatory methods in addressing 
SES challenges. However, to prevent the same piecemeal approach we 
also lament, we then introduce and highlight the potential of SI as a 
perspective and organizing framework. SI can help us to conceptualize 
and design PM, as it understands the central role of people within a 
dynamic system, a key starting point for those looking to design or direct 
their own PM process or for those searching (researchers, practitioners, 
or policymakers) for long-term solutions to SES problems. We look at 
how these two fields, PM and SI, might combine in practice, and suggest 
several promising areas of study to explore further. 

2. The four functions of participatory modelling 

For each of the sections below, we outline the characteristics of each 
function of PM, (substantive, normative, instrumental, and educational), 
and from the author’s analysis and drawing from transdisciplinary in-
sights, we describe the sub-components of that particular function and 
practical suggestions of how that might be put into practice in a PM 
context. 

List of abbreviations 

PM Participatory Modelling 
SES Socio-Ecological Systems 
FCM Fuzzy Cognitive Mapping 
RegenAg Regenerative Agriculture  
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2.1. Substantive function 

For PM, the substantive function is the “capacity to synthesize 
available knowledge from a variety of sources to enhance problem- 
solving” [29]. Put another way, the aim of substantive is to integrate 
various sources of knowledge, taking in various and diverse viewpoints 
from local, expert, and specialized stakeholders, for the purposes of 
finding, selecting, and enacting practical solutions [40–42]. 

Thus, any modelling process seeking to achieve this function must:  

● Provide a way to ‘hear’ a multitude of diverse voices  
● Move toward ‘shared understanding’  
● Start problem solving 

These steps become even more essential when dealing with complex 
issues, as the uncertainty of the “imperfect scientific knowledge and the 
indeterminacy of complex processes … can be partially addressed by 
embracing a plurality of voices, knowledge forms and values” [40]. The 
additional information and perspectives brought forth by stakeholder 
participation deepen our understanding of complexity [40]. By sharing 
multiple and diverse understandings, knowledge can be ‘co-generated’ 
which means creating a reciprocal and shared understanding through 
collective collaboration [40,43,44]. Given this necessity, how can these 
steps be accomplished for substantive gain? 

2.1.1. Diversity of voices 
The first step actually begins before anyone sets foot in the room, 

with decisions made about who to include in the process and who to 
exclude, so as to achieve diversity in the ‘voices’ in the room for any PM 
exercise. Care should be exercised to ensure those with a ‘stake’ in the 
process are given an outlet to express their perspective. However, as 
with all participatory techniques, there is a trade-off here between 
representing all voices and getting things done (either by avoiding 
conflict of different groups or limiting the ‘inputs’ of different voices). 
There are no simple answers to find the right balance, but there are 
practices available to make a better decision. 

One of the ways in which this stakeholder selection activity can be 
undertaken is to do a stakeholder mapping exercise or social network 
analysis [45,46]. These exercises ‘map’ the relationships between 
stakeholders (individuals or organizations) to identify who may be the 
most powerful, who may be marginalized, or where groups have formed 
for the issue at stake [12,47,48]. This can be done as experts before 
beginning the PM process, or with stakeholders as another form of a 
participatory model and to identify important links and actors in the 
social sphere for the issue at stake. 

Another strategy is to move ‘virtually’ to overcome the common 
limitation that only a small number of stakeholders can ‘be in the room’ 
to take part in the PM process [12]. Interactive online discussion tools 
such as Discussoo and Kialo can promote the involvement of large 
groups of people in the analytical and decision-making process [49]. 
Discussoo contributes to the implementation of the attunement principle 
through providing a user-friendly interface for communication, an 
embedded option of ranking the comments and a transparent way of 
representing the ideas of the participants in the form of a conceptual 
model. While PM has traditionally been limited to smaller size case 
studies (in terms of participant numbers), it is worth noting that 
participation of larger numbers can also present trade-offs in the quality 
of discussion and creation of relationships in small groups. Doing so 
virtually as opposed to face to face, also presents challenges in the dif-
ficulties posed by internet access, the quality of conversation, and less 
access to the reading of body language and social cues when in a virtual 
environment. So while diversity can be promoted by a larger, more 
virtual inclusion, that decision also has consequences, which should be 
considered in light of the purpose and participants of the process. 

As a human-centered process, PM inherently involves the complex-
ities of human behavior and socio-emotional dynamics. The 

participating stakeholders, as well as the ‘facilitators’ – who are stake-
holders in their own right – all have their individual interests which can 
be (and often are) in conflict. But PM, as a “purposeful learning process,” 
seeks to learn from those diverse perspectives to achieve shared un-
derstanding which, in turn, has to start from gathering those voices in 
the first place. 

2.1.2. Moving towards shared understanding 
Shared understanding results from dialogue between stakeholders to 

reach agreement on definitions, components, and relationships of a 
system, as well as empathy and appreciation for the perspectives of 
different stakeholders can create benefits long after the modelling ex-
ercise ends [50]. Achieving this is vital to the success of any PM effort 
[13] and while consensus is desirable, it is not usually the ultimate 
objective. 

One of the ways this shared understanding can be achieved is by 
using the concept of the model as a ‘boundary object’ to focus the 
attention of stakeholders on a ‘neutral’ object that makes everyone’s 
implicit mental models explicit. In PM, the model and participatory 
process, as an organizing system, serve as the focal point for stake-
holders and researchers to come together around a common purpose. 
Together, they use “modeling practices to define the descriptions, so-
lutions, and decision-making actions of the group” [5]. The model thus 
becomes this ‘boundary object’, defined as a device that can act as a 
bridge between various groups “to facilitate mutual understanding and 
cooperation” [51–53]. These (often visual) objects help represent the 
connections between the people involved in the conversation, help move 
toward a more concrete representation of abstract concepts and are 
adaptable to proposed alterations by any stakeholder [53,54]. 

Used this way, boundary objects help stakeholders: (1) create a 
shared language, allowing for diverse knowledge and different disci-
plines to work together; (2) clearly identify points of difference or 
similarity of relationships; and (3) “transform their current collective 
knowledge toward an agreement of facts through discussion, negotia-
tion, and careful scrutiny of what they know” to move toward innova-
tion, cooperation, and consensus-building [51,55,56]. As a boundary 
object, participatory models can empower and integrate many per-
spectives, encourage both individual and social learning, facilitate an 
exchange of worldviews between participants, and promote conflict 
resolution and collective decision-making by becoming the object 
around which a socio-environmental issue can be ‘mediated’ and the 
system can collectively come to be understood [12,57,58,59]. 

Even though PM is well suited for focusing the conversation on a 
model instead of personally attacking an opponent, it is still sometimes 
difficult to reach an understanding of each other’s viewpoints. This 
understanding is vital. Acknowledging the validity of another person’s 
viewpoint helps to build the trust needed to create a truly open process. 
Yet this is also likely to trigger emotional conflict. It is a delicate balance, 
which can and should start with the facilitator as a role model and 
advocate of active listening. There are a few components to active 
listening: mirroring involves repeating the last few words of someone 
else’s statement, to show attentiveness and elicit further explanation; 
paraphrasing involves restating in one’s own words, to try and take their 
perspective, which is sometimes combined with emotional labeling (ex; 
“it sounds like you are frustrated” or “it seems like you feel powerless”); 
together, these skills demonstrate an authentic intention to understand 
other people in the room [60]. 

This approach of active listening also mirrors Rapaport’s Rules for 
good debate and argument, where instead of instinctively responding to 
an opponent’s views, you must restate their argument, and you must 
aspire to do so in a fashion so clear and fair, that their response can only 
be “Thank you for putting it better than I could” [61]. From that place of 
mutual understanding, you can then move to stating where you disagree 
in a more productive state of mind. 

Achieving ‘shared understanding’ means finding the areas of agree-
ment and knowing where the areas of disagreement are in the room. It 
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does not mean consensus. But having this shared understanding of the 
system and each other makes moving forward into problem-solving 
much more straightforward, as people are more likely to be on the 
same ‘page’. 

2.1.3. Solving problems 
Under the substantive function, the ultimate goal is to find a decision 

that maximizes the benefits and minimizes the costs [29,62]. It may take 
time, and will undoubtedly take work to reach such a solution. This task 
is made particularly difficult in the complex setting of PM and SES. In 
this setting, much of the system is ‘hidden’ from us and there are con-
flicting interests from all the stakeholders involved, meaning not all of 
the costs and benefits may be visible, which, in turn, means any decision 
made might not be fully informed. Success is certainly never guaranteed 
in this group venture. 

However, with ‘shared understanding’ in place, it makes it easier for 
the facilitator and stakeholders to move towards problem-solving ([62]). 
In a PM exercise focused on the substantive function, that purpose is to 
understand the issue, requiring a diversity of perspectives, and to move 
towards a solution, with consensus as an admirable goal, but not a 
necessary one. PM, and the provision of the model as a ‘boundary ob-
ject’, helps to externalize the conversation (making it about the model 
and less about personal issues, beliefs, conflicts, opinions), but there are 
also principles for creating an atmosphere where shared understanding 
can be reached so solutions can be found, and for guiding ‘interventions’ 
should unproductive conflict arise. 

One of the first and most crucial steps a facilitator can take is to first 
minimize or sidestep the barriers that might prevent the group from 
reaching a more optimal decision. And that means side-stepping or 
minimizing the presence of bias that skews our decision-making, Recent 
developments in neuroscience, psychology and behavioral economics 
seem to suggest that humans possess two systems of thinking. The first 
system (System 1, S1) is made for intuitive and quick decision making, 
while the second system (System 2, S2) is made for deliberate, 
ponderous, effortful thinking [63,64]. Our brains evolved to quickly 
focus on the most important information, eliminating ‘noise’ in the 
name of efficiency, to minimize our mental exertions and to save energy, 
and in the name of survival, as quick decision-making can save lives. As 
such, this means we rely on mental shortcuts, called cognitive biases, 
which, unfortunately, can sometimes lead to less than ideal 
decision-making. Work by researchers like Kahneman and Tversky, 
Thaler, Ariely, Cialdini, and others revealed our irrational nature 
[65–68]; Robert B. [69], and this holds implications for the way we 
conduct science, particularly science involving people at the center, 
such as PM. In any PM exercise, our aim would be to promote more S2 
thinking, which is possible to implement through deliberate and sys-
tematic planning, but certainly not easy to do so. 

Some of this side-stepping of cognitive bias may be achieved by what 
is known as a pre-mortem. A pre-mortem is a ‘before death’ exercise, 
where participants pre-emptively assume the project has failed, and 
brainstorm reasons for that failure [64,70]. This prospective hypothet-
ical has been used in military operations, hospitals, and in boardrooms 
to identify problems early and to take a proactive approach to reducing 
or eliminating their risk [71,72]. This exercise could be done with just 
the facilitator/research team or with stakeholders at the beginning of 
the exercise, but it helps to impose a long-term perspective (combatting 
short-term bias), prevent the distortion of confirmation bias by forcing a 
negative perspective, and to promote accountability among the group 
(preventing free riders) [73–75]. A pre-mortem does not guarantee S2 
thinking in others, no tool can. However, while empirical evidence to 
support ‘debiasing’ is a work in progress in the field, training to chal-
lenge ‘confirmatory hypotheses’, which is what a pre-mortem does, has 
shown promising results in creating more considered, deliberate, S2 
thinking [76]. 

Along with bias, conflict is a barrier to collective decision-making, 
and it can arise in many forms. Much of that conflict can be navigated 

past or side-stepped by negotiating the shared problem or purpose of the 
PM process, at the outset of the process and occurring with the consent 
and input of stakeholders [77]. If consensus or large-scale agreement 
can be achieved, both on the purpose of the exercise and the value(s) of 
priority, these can guide the process and be returned to in moments of 
conflict as criteria for making decisions and moving forward [2]. But to 
do so requires widespread agreement on that guiding purpose, in addi-
tion to trust in the process used to achieve that purpose. 

To this end, a productive atmosphere starts with trust in the process, 
and has been well covered by research on ‘psychological safety’ [78]. 
Psychological safety describes “perceptions of the consequences of tak-
ing interpersonal risks in a particular context,” like a workplace, or a PM 
exercise; if present, psychological safety “facilitates the willing contri-
bution of ideas and actions to a shared enterprise” such as sharing ideas, 
coming up with suggestions, or taking creative initiative [78]. In short, 
psychological safety gives participants the sense they can share their 
ideas without being ‘punished’ for them, trusting in their participants 
and in the facilitator to avoid judgment or risk exclusion from the group. 
This is complemented by findings from political science and philosophy, 
who seek to present conflict as an opportunity for collaboration, rather 
than for win-loss scenarios [61,79]. 

Facilitators can and should present the PM process, particularly 
under the substantive function, as a way of discovering ‘reality’ by 
drawing together everyone’s real but imperfect perceptions [79,80]. In 
this light, conflict, as an unavoidable part of the process, becomes an 
opportunity for discovery rather than hostility. Indeed, conflict is vital to 
achieving shared understanding as no one stakeholder will have a per-
fect view of the system; thus, the PM process becomes the means to 
navigate and negotiate everyone’s singular view towards a better, col-
lective view [81–83]. 

While much of the work in creating the PM atmosphere happens 
before anyone steps foot in the room, there are also interventions the 
facilitator can take in the moment to move the group towards solving 
problems. A few of these possibilities include:  

● Using action formulations and a spirit of inquiry. A formulation is a 
re-statement or re-phrasing of a stakeholder’s ideas, and an action 
formulation seeks to reach a conclusion or propose a solution in 
order to ‘move forward’ [30]. An example might be for the facilitator 
to say, “So you’re agreeing to take that report on?” This can be 
combined with a spirit of inquiry throughout the exercise by showing 
interest in other points of views and asking questions to clarify and to 
explore different possibilities [84]. Such inquiry or curiosity invites 
stakeholders to own the next actions and promotes the dialogue 
needed to make it happen.  

● Employing different ‘scenarios’ can also be used here, both in 
visioning the ideal big picture, as advocated by decisions structuring 
dialogue [85] and in employing ‘what if’ scenarios to explore alter-
native viewpoints and different ideas [83]. This is where the ‘model’ 
of PM can increase the effectiveness of such exploration by allowing 
for idea generation, exploration, and depending on the type of model 
used, visualization that allows for rapid feedback from generation to 
‘testing’ in an iterative process [83]. While powerful, such visuali-
zations can be complex and time-consuming, but low-tech options 
are always accessible, even if that’s limited to a facilitator led “what 
if” exercise. Such visioning of scenarios can be clarifying and vital to 
narrowing down and selecting solutions [85,86]. 

2.1.4. Summary 
In the substantive function, the main aim is to synthesize different 

perspectives to achieve a shared understanding and start the process of 
problem solving [29,40–42]. We’ve outlined a number of practices by 
which this can be accomplished, beginning with techniques to gather 
and listen to diverse voices, like stakeholder mapping or online discus-
sion tools, before reaching shared understanding, which can be helped 
by active listening, and finally starting to solve problems, which can 
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begin with a pre-mortem but also be aided by action formulations or 
scenario analysis. PM provides an excellent system to handle the 
complexity of these interactions by focusing the attention of stake-
holders and facilitators on a model, thus providing a boundary object 
around which a shared language and a shared understanding can be 
developed. 

In seeking to reach ‘solutions’, PM seeks to find synergy. By gath-
ering in a group to find a solution, PM and the substantive function aim 
to “accomplish collectively something that could not reasonably have 
been achieved by any simple combination of individual member efforts” 
[62]. Stakeholders and researchers, grouped in the system of PM, 
collaborate to achieve a 1 + 1 = 3 solution, a whole greater than the sum 
of its parts, finding success by allowing for the emergent solutions to 
come forth from the complex myriad of interactions that occur in the PM 
setting [62,87,88]. Synthesis, shared understanding, and problem 
solving are all key to finding such solutions, but there must also be 
legitimacy in the process used in such a search, as we’ll see with the 
normative function of PM. 

2.2. Normative function 

According to LaMere et al. [29], the involvement of stakeholders in 
the modeling process and the ability to incorporate their perspectives 
into and around a boundary object (i.e. a model) forms the basis for 
legitimate decision-making and constitutes the normative function of 
PM. Both in PM and in a broader context, legitimacy is perceived as a 
multifaceted concept. On the one hand, legitimacy historically has a 
strong connection with political science, the law and the overall system 
of society and its institutions [89,90]. However, legitimacy is also 
related to ethics and philosophy, with concepts such as fairness and 
morality playing a role in the representativeness of participation in a 
decision-making process and designing a transparent and open process 
[90–93]. Operational research (OR) literature elaborates even more on 
the ethics component of decision-making and suggests considering it at 
each aspect of the practice: conducting analysis, designing and man-
aging process, appreciating context and overall personal and profes-
sional ethics [94]. Overall, consensus or at least broad acceptance (from 
the majority) from the involved parties is often considered to be the 
ultimate indicator for judging whether a decision is legitimate or not 
[90,91]. 

Specific to PM, legitimacy is considered as an essential component 
that contributes to the success of the modeling process itself and to the 
further implementation of developed solutions beyond the process [19, 
77,95–97]. Based on the research of Ginger [96] and others mentioned 
earlier, there are three main elements that constitute the legitimacy of 
decision-making in the participatory setting: fair representation, trans-
parency, and acceptance (agreement). 

2.2.1. Fair representation 
The involvement of all affected and/or interested parties into the 

modeling process is a distinctive feature of the PM method as opposed 
to, more traditional, expert modeling. PM researchers are directly 
interested in ensuring fair representation of diverse stakeholders’ groups 
because it leads to a better understanding of the problem since all the 
opinions and perspectives are counted in. 

All stakeholders bring cultural and social norms, existing social hi-
erarchies, and power structures with them wherever they go [6,10,50, 
98]. If unchecked and unaccounted for, those pre-existing relationships 
of ‘power’ in the PM process means the process could be hijacked to 
serve a particular interest [10]. At the same time, the absence of 
powerful stakeholders from the process means efforts might lack the 
legitimacy needed to achieve lasting change, while the exclusion of 
disadvantaged groups would only further entrench existing power dy-
namics [50]. As such, extensive work should be put into deciding who is 
involved in the process, and by extension, who is not included, as the 
power and institutional context in which PM occurs may very well 

determine the ultimate success or failure of the effort [13,50]. During 
the workshop, there may be little opportunity to drastically change the 
dynamics of power, either because of who is (not) involved or the 
complex, entrenched nature of power. However, taking note of these 
existing hierarchies before, during, and after any PM makes it possible to 
lessen or mitigate the influence of those dynamics and, if appropriate, 
begin to question those dynamics of power during the workshop if they 
are ‘unhealthy’. 

As mentioned in seeking a diversity of voices, stakeholder analysis is 
one of the steps that can be taken at the preliminary stage of the PM 
process, but it can also be used to ensure fair representation. At the same 
time, in practice there is no clearly defined procedure for identification 
of the stakeholders in PM. Voinov and E. Gaddis [77] state that although 
extensive stakeholder participation is desirable, it is dependable on the 
timeframe of the project, chosen modeling tools, diversity, technical and 
other conditions to manage the size of a group. Other researchers sug-
gest that stakeholders themselves could be involved in the process of 
defining who should be present at PM sessions and it would serve a fair 
representation goal [28]. Etienne, Du Toit, and Pollard [95] mention 
that the criteria for choosing the participants are defined though 
case-by-case approach: sometimes the priority is given to the groups 
who are locally grounded or represent particular institutes of society 
that are relevant to the discussed problems, in other cases more atten-
tion is given to attract vulnerable groups of community or to guarantee 
the presence of a local leader who has legal and/or legitimate power to 
act on behalf of the particular community. Overall, Ginger [96] claims 
that in some projects there is a high risk that important groups of 
stakeholders can’t be present during modeling sessions because of 
geographical, financial or technical obstacles that pose a risk to the 
overall legitimacy of the process. There is also a separate discourse about 
the influence of ‘experts vs. stakeholders’ representation during PM. On 
one hand, expert knowledge is required in many technical aspects, 
especially in the context of environmental modeling; on the other hand, 
if the overall process is driven or dominated by expert opinions then it 
could negatively influence the chances for stakeholders to be heard and 
considered [28]. 

In addition to stakeholder mapping, critical questions can also bring 
an awareness to the understanding of the system and the key players 
within it, with questions like “What methods or tools might be relevant 
to this situation? What is my experience and skill in using them? What 
has initiated this engagement? Who are the key actors and what is my 
relation to them?” [99]. These questions, and others like them, are 
designed for facilitators and leaders to undertake before an exercise to 
become aware of their own perspectives and the character of the 
stakeholders they will be working with and to use that awareness to 
positively plan for the exercise [99,100]. 

Another issue with fair representation is that in practice some 
vulnerable groups might have less chance to influence the decision- 
making although they are present during public consultations [96]. 
Due to existing power dynamics in a particular group of participants, 
some of them might feel reluctant to express their perspectives freely 
during the PM workshops. This challenge is often addressed by the ac-
tions of a highly skilled facilitator trained in delicately calling out power 
hierarchies [4,101]. Such tactics have a rich history in qualitative, 
participatory research [102–104]. Alternatively, the use of gamification 
tools is a trend gaining traction in recent years. Gamification and serious 
games have been broadly used for engaging stakeholders in collabora-
tive learning about the complex problems as well as for consensus 
building and policy options negotiation [105–107]. They appeared to be 
effective for improving the overall engagement and social learning 
[108]. To build on the necessity of skilled facilitation, (and considering 
the context of participatory exercise), one could introduce diverse game 
design elements such as points, badges, narratives or role-playing that 
reward or stimulate desired behaviors among the stakeholders as they 
have been shown to encourage higher engagement and new ways of 
thinking in participatory research [108]. 
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2.2.2. Transparency 
Transparency of the PM process helps to increase the trust of the 

stakeholders in regard to the process, the credibility of the results, and 
the overall effectiveness of learning [77]. Generally, the nature of the 
modeling as a way to align mental models of the stakeholders and make 
them visually explicit promotes transparency during PM. Trust is also 
built from the transparency of the modelling tool, and the ease with 
which stakeholders can learn and use it [109]. 

However, modeling as a tool could also pose risks to the openness of 
the process. Those risks are connected to accessibility issues, i.e. a 
simulation model with all of the available technical documentation 
could be shared with the public and it satisfies transparency criteria but 
in practice, some groups of the stakeholders might not benefit from such 
transparency because of lack of technical skills or professional expertise 
[96]. Voinov, Jenni, et al. [12] discuss the need to consider social and 
ethical aspects when choosing a modeling technique (technically pro-
found quantitative methods vs. more understandable to a large audience 
and less technical qualitative methods). For example, ‘rich pictures’ can 
be easily adopted by participants with no prior training, since it uses 
visual representations as a means to express ideas and perceptions. 
Concept/cognitive mapping and causal-loop diagrams are also among 
the methods that do not create significant barriers for understanding of 
the discussed issue by the participants. 

Transparency also requires creating room for participants to object 
and to disagree. The likelihood of reaching unanimous consensus is low, 
and by allowing opposition to voice their concerns, we can increase the 
legitimacy of the process and avoid groupthink [85,110]. One strategy 
to assist in this effort is called ‘Red Team’. Used in military and cyber-
security, creating a ‘Red Team’ means appointing a person or group 
whose role in the PM process is to challenge “facts and explicit as-
sumptions, looking for implicit (unstated) assumptions, identifying 
cultural assumptions and developing targeted cultural questions for 
subject matter experts, challenging the problem frame (and proposing 
alternative frames), identifying cognitive biases and symptoms of un-
derlying groupthink” and others [111–113]. By giving select stake-
holders a role to seek out flawed arguments, particularly in the light of 
promoting an atmosphere of ‘healthy conflict’, we can bring awareness 
to the distortions in our thinking patterns, thereby promoting the 
transparency of bringing hidden, unwanted, or opposing views to light 
[112,114]. With these views ‘exposed’, the group can make a collective 
decision with more information in hand, thereby growing more likely to 
fill in the ‘gaps’ of any model they seek to build together. 

2.2.3. Consensus or collective decision-making 
Acceptance of the solutions developed during PM is the third 

component contributing to legitimacy. Following Arnstein’s ladder of 
citizen participation, no consent or acceptance is expected from the 
stakeholders at the lowest levels, while at the higher levels of partici-
pation, the more involved stakeholders become [28]. PM is, by defini-
tion, a method that implies a high level of participation; some 
researchers even go so far as to mention consensus among the stake-
holders as one of the main outcomes of the process [8]. 

The overall process of making mental models of stakeholders visible 
and explicit in the form of a model helps the group to find shared un-
derstanding around the discussed problem and, therefore, develop so-
lutions that take into consideration the concerns of all the parties 
involved. These components, central to the substantive function, also 
help to achieve legitimacy in the eyes of stakeholders. In practice, 
however, not all of the PM workshops have led to the results to which all 
the participants agree to and are eager to implement [115]. 
Decision-making power within the group might also significantly in-
fluence both the acceptance of decisions by stakeholders and overall 
procedural legitimacy. In some cases, no matter the fact whether there is 
an agreement about some solution among stakeholders or not, there 
might be the group who actually makes decisions and is free to choose 
any of the options either accepted by others or not [96]. In other words, 

although acceptance is present, still, in practice, the overall legitimacy 
of the decisions might be in question. 

Fortunately, there are multiple techniques for achieving consensus 
that can be incorporated into the PM process as part of facilitation. One 
such practice is the concept of ‘thinkLets’ from Collaboration Engi-
neering [116]. A thinkLet is “a codified facilitation technique that cre-
ates a predictable pattern of collaboration. Because thinkLets produce a 
predictable pattern of interactions among people working together to-
ward a goal they can be used as snap-together building blocks for team 
process designs” [117]; this tool can be used even in unfacilitated group 
discussion [116]. For example, the Leafhopper thinklet is a process used 
“to have a group brainstorm ideas regarding a number of topics simul-
taneously” while a MoodRing thinkLet is dedicated particularly for 
building consensus in a group [117]. The Moodring thinkLet includes 
such steps as (1) each participant accesses his/her opinion on particular 
decision considering a particular criterion and a scale ranging from min 
to max value, (2) the decision is discussed, (3) change in opinion/-
perspective is measured, (4) this process is performed in iterative 
manner until the consensus in the group is reached [117]. 

Caucusing is another technique from mediation practice that can 
lead to an agreement in a context of multifaceted conflict [118]. This 
technique implies conducting a discussion with a group of people who 
share the same perspective on the discussed issue. The mediator meets 
separately with two or more groups who hold opposing or significantly 
different views and then decides on the strategy how to organize a 
dialogue between them in the joint session (aiming at agreement be-
tween the parties). Caucusing helps the mediator to understand the 
needs of each party better, build connections with each group, and coach 
the participants on effective negotiation approaches [119]. Although 
not without risks (ex; mediator bias) this practice can be useful as a 
preliminary step before engaging in a full PM process, and can even 
involve building a model with individual stakeholders before proceed-
ing to a collective modelling process [120,121]. This allows individuals 
to share how they think the system should be represented, without being 
subject to biases of working in a group, such as power dynamics or 
groupthink [110]. 

2.2.4. Summary 
In the normative function, legitimacy as a concept encapsulates el-

ements of fairness, transparency, and collective decision-making. 
Legitimacy contributes to the model-building process, and in taking 
action beyond the scope of any one model or any one workshop by 
creating a process stakeholders believe in Refs. [19,77,95–97]. 
Centering around fair representation, transparency, and collective 
decision-making, we point out a number of options to ensure a more 
legitimate process including caucusing, Red Team, the choice of 
modeling type, critical questions, and stakeholder selection, building off 
some of the themes from the substantive function. 

Although consensus is an admirable goal, sometimes it is not possible 
to have everyone agree with the decisions made in a collaborative space 
like PM. However, focusing on the normative function means there is at 
least a plan and process in place to fairly and transparently ensure voices 
are heard so that even those at the end can agree they had the chance to 
have their say. Conflict, small and large, is an inevitable part of group 
workshops but designing a legitimate process provides a platform to 
smoothly and fairly ensure that does not escalate or derail the entire 
process. 

2.3. Instrumental function 

The instrumental function of PM builds relationships between the 
stakeholders to reduce conflict and support implementation of any de-
cisions made [29]. This function is highly applicable to problems that 
involve conflicting interests or ‘strong interpersonal disagreement’ in a 
group of stakeholders [122]. In such ‘messy’ situations, conflict reso-
lution is a priority for the desired social outcomes of such workshops 
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[123–125]. 
However, the mere presence of the conflict does not pre-determine a 

negative outcome. In fact, cognitive conflict connected to the subject of 
discussion, resources, or policies can actually enhance group perfor-
mance [126]. It is affective conflict, or conflict associated with values, 
identity and norms, that is more likely to decrease group performance 
and the probability of reaching consensus [126,127]. As such, facilita-
tors must learn to balance productive conflict while avoiding divisive 
and destructive strife [86]. Drawing from the broader literature on 
conflict resolution there are three key components that can reduce 
conflict: (1) analysis of the conflict, (2) defined rules of communication 
(mutual respect, commitment to problem solving rather than fixation on 
positions), and (3) the presence of a mediator (a neutral person who 
facilitates the communication between the conflicting parties) [86]. 

2.3.1. Analysis of conflict 
Analysis of conflict identifies the underlying needs, values and in-

terests of various groups to assess why they have led to conflict escala-
tion [86]. While the initial positions of the stakeholders might differ, 
elaborating on the question may lead to a reconsideration of a previ-
ously stated solution as feasible. One example examined using nuclear 
power in Finland with experts and parliamentarians with different 
initial viewpoints, eventually coming to similar priorities in terms of 
criteria to consider for decision-making [128]. Nevertheless, awareness 
about the possible group conflict is important both before the PM 
workshops and in the process of modeling with stakeholders. Voinov and 
E. Gaddis [77] suggest investigating the historical relations and conflicts 
between the groups of stakeholders in advance and consider this infor-
mation while designing and conducting a PM process and how that 
might affect the eventual model. Conflict management during PM is, to a 
large extent, associated with the ability of a facilitator to listen carefully 
to the participants and understand the underlying motivations behind 
the ideas that are expressed [76]. 

We mentioned critical questions before to ensure fair representation, 
but these again can become useful in looking at conflict. Some of the 
questions are specifically designed to understand the history and re-
lationships of power, because of how influential that dynamic can be for 
the overall outcome of any participatory process, especially in seeking to 
explicitly portray important variables and relationships in a model. 
Specific examples include [99,100]: What conditions of success are 
under the control of the system? Who ought to be in control of the 
success of the system? Who do I see as victims or problem owners here? 
What are the commitments to various actors in the system? What re-
sources and powers are available? These and similar questions can 
reveal the power dynamics and conflicts at play. Such information al-
lows for researchers to make more informed decisions about who to 
include in the process and how to represent this in the model of the 
system, although that alone does not guarantee successful outcomes. 

X. Briggs et al. (2005) propose an approach to diagnose the conflicts 
as the nature or basis of the conflict can suggest a different approach to 
overcome disagreement. They identify 5 types of conflicts based on: (1) 
difference of meaning, (2) difference of mental models, (3) conflicting 
information, (4) mutually exclusive individual goals, (5) differences of 
taste. PM, as a way to explicitly represent mental models, can be 
particularly effective in resolving the differences in mental models but, if 
adapted appropriately, can also resolve the other types of conflict. To 
solve other types of conflict, X. Briggs et al. [99,100] suggest strategies 
that are based on making the positions of the stakeholders as explicit as 
possible. For example, by encouraging a realistic assessment of the 
likelihood and utility of attaining a specific individual goal, stakeholders 
may be more willing to compromise and come to a collective ‘goal’ as a 
group. Other measures may include coming to a consensus on under-
lying values as a common starting point before navigating strategic and 
tactical responses (aligning with a combination of attunement and 
positive engagement from the SI factors). 

2.3.2. Rules of engagement 
Defining the rules of communication is intuitively an essential 

component for conflict reduction and it is associated with agreeing on 
mutually respectful expression of opinions and overall commitment to 
problem solving rather than fixation on positions [86]. The modeling 
component of PM contributes significantly to the aim of focusing on 
content rather than on subjective or emotional reactions, as the model 
can be ‘neutral’ in the sense that it reflects the interest of the group as a 
boundary object [53]. Modeling becomes a common language for the 
group of participants during the workshop; it forces the participants to 
structure their thoughts in a form of elements and interrelations between 
them that consequently helps to overcome some of the biases and mis-
conceptions [123,129].Voinov and Bousquet [129] also emphasize the 
need of setting the ground rules of communication to keep the neutrality 
of the process as much as it could be possible. 

What that might look like in practice is to first come to agreed-upon 
‘rules of engagement’ creating a transparent, consensus-based approach 
for managing the PM process, ensuring respect for all [124]. Example 
rules include: “Everyone has two ears and one mouth … use them in the 
appropriate ratio. Creativity can flow only when destructive criticism is 
withheld. Disagree without being disagreeable” [124]. These and other 
rules should be agreed to at the outset so that all understand the ‘rules’ 
for proceeding and all have contributed to their development. Stake-
holder involvement creates investment and ownership, increasing the 
chances people will follow the rules because they view them as legiti-
mate [51]. 

Part of this approach includes managing the expectations of the 
participants about the process. Kaner [31] proposes to explain the dy-
namics of discussion, as a process that moves through stages of 
convergent thinking, divergent thinking and the so-called ‘groan zone’ 
in between. Bringing awareness to the ‘groan zone’ as a common part of 
participatory efforts encourages tolerance between stakeholders in the 
hopes of collective progress in the process. 

2.3.3. The art of mediation and the role of the mediator 
A mediator keeps neutrality and ensures fair participation during the 

PM process; this role is especially crucial with intensive conflict or large 
discrepancies in decision-making power [86]. However, debate still 
exists as to whether the facilitator of PM sessions could or should be 
completely neutral and unbiased [5,77]. While Vennix [126] considers 
neutrality to be a crucial attitude of the facilitator, other researchers 
claim a certain level of bias from the facilitator is unavoidable. Overall, 
the process that is guided by the facilitator should be organized in a 
manner that balances the gap in power dynamics and stimulates dis-
cussion of the content rather than focusing on subjective assessments or 
personalities of the participants. In some cases, depending on the 
severity of the conflict between the stakeholders, the generic facilitation 
skills are not enough and conflict resolution skills are required to handle 
the misalignment of goals between stakeholders [86]. 

Kaner [31] summarizes ‘facilitator fundamentals’, the most common 
groups of facilitation activities and techniques within these groups. 
Among them could be the aforementioned active listening techniques 
(mirroring, intentional silence, legitimizing differences and others), and 
the various practices of leading open discussion (structured go-arounds, 
fishbowls, rotating break-out groups and other). Facilitators use their 
skills to make the process of PM (or any group activity) easier. Unfor-
tunately, that does not always include the ability to deal with the 
multitude of causes that may bring destructive conflict to the fore, or the 
advanced skills to turn that destructive conflict into a constructive 
benefit for the group. Such skills could include the ability to ‘map’ the 
sources of participant conflict, encouraging expression of ‘I’ statements 
and “yes, and”, active listening, and de-escalation techniques (Chetko-
w-Yanoov 1996). 

Overall, facilitation of the discussion particularly in the context of 
modeling workshops implies diversity of tasks: managing difficult 
communication between the participants, depicting all the ideas in the 
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modeling language, ensuring that all the participants are heard and 
others. Naturally it is a challenging task for one person to perform all of 
them, therefore, division of responsibility is a necessity. Vennix [126] 
distinguishes five roles in group model building process: facilitator, 
modeler, process coach, recorder and gatekeeper. Van den Belt [124] 
suggests, at least, three (facilitator, mediator, modeler). In the context of 
conflict mediation, the roles of process coach and recorder can provide 
additional support on managing and understanding group dynamics, 
that, consequently, should be helpful for designing more effective pro-
cesses in general. 

2.3.4. Summary 
The instrumental function seeks to build an environment where 

positive relationships, including a constructive approach to conflict, 
between the stakeholders can emerge and develop. This approach can 
begin with a pre-emptive analysis of the nature of the conflict. Under-
standing the nature of the conflict, potentially using critical questions to 
do so, can frame the design of PM and the facilitation techniques to be 
used. It is also worth noting the dynamic and bilateral nature of re-
lationships within PM. Stakeholders should adhere to agreed upon rules 
of interaction and the facilitating team should have the skillset appro-
priate to the possible communication challenges of that group of 
stakeholders. Each PM exercise is unique, so facilitators must learn to 
tailor their approach to their given group. The ability of any facilitator to 
attune to and build relationships with and between the group of par-
ticipants with whom s/he works is one of the essential skills ensuring 
constructive dialogue among the stakeholders. 

2.4. Educational function 

The fourth and final function of PM is to educate, described by 
LaMere et al. [29] as “to inform, raise awareness, and provide an 
educational experience for stakeholders [12,129].” Some would argue 
that this is actually the prime function of PM that underlies all other 
functions, particularly given the definition of PM as “a purposeful 
learning process for action that engages the implicit and explicit 
knowledge of stakeholders to create formalized and shared representa-
tion(s) of reality”. We build on this to further advocate for social and 
transformative learning which prioritizes double loop learning, defined 
as “reflecting on the assumptions which underlie our actions”, and triple 
loop learning, which promotes “learning that challenges the values, 
norms, and higher order thinking processes that underpin assumptions 
and actions” [1,130,131]. Thus, the educational function of PM is 
centered around its function as a ‘boundary object’ [54,56,132], with 
the model serving as the centerpiece for discussion in order to transform 
individual mental models for the collaborative good. 

In PM, the learning of stakeholders underlies all of the functions. 
Regardless of the objective of the exercise, PM practitioners often seek to 
generate “some form of change in a persons’ understanding of the world 
and their relationship to it” [130,133]. The literature on learning is 
substantial, and to keep the scope manageable, we dip a toe into the 
learning and education literature and discuss a few of the components at 
play and how they might be addressed in practice. By no means are these 
components exhaustive, but they may be useful when designing PM. 
O’Donoghue and Africa [134] discusses various learning theories and 
how they tackle three essential components of any education process: 
the encounter, the dialogue, and the reflection. These ideas are mirrored 
in several other theories, and both transformative learning and social 
learning particularly emphasize the importance of dialogue and 
reflection. 

2.4.1. Preparing the encounter 
First, the encounter, the learning interaction where participants and 

the teacher or facilitator communicate and engage [134]. Here it is vital 
that facilitators create awareness of assumptions, to make the beliefs, 
values, and worldviews of the participants explicit, so that they can be 

discussed, debated, challenged, and ultimately, transformed [82]. 
However, as facilitators, we have very limited control over the inputs 
into the system; we do not control what people bring with them, and can 
only make suggestions as to appropriate behavior ‘inside the system’ of 
PM. What facilitators can control is the structure in which this learning 
occurs, and care and consideration can and should be exercised so as to 
create an atmosphere where learning is both desired and encouraged. 
Much of this atmosphere is built through the other functions, as both 
trust and legitimacy are key to a learning atmosphere. 

PM, as a way to explicitly represent the implicit mental models of 
stakeholders, “allows the participants to see their thoughts and language 
reflected in the course of study … invit[ing] learners to think critically 
about the subject matter being discussed, related doctrines, the learning 
process itself and society” [135]. The ‘model’ as the boundary object at 
the center of the ‘encounter’ achieves two things: 1) it represents, in a 
visually concrete form, the viewpoints of participants and 2) it provides 
an object of focus for stakeholders to engage in discussion [51,53]. This 
involves participation, the active engagement of diverse participants 
and diverse opinions. It also involves conflict, and the negotiation of 
conflicting values and beliefs. Conflict, perhaps surprisingly, is a valued 
part of the learning process. It is an unavoidable and essential part, as it 
provides a chance for stakeholders to bring their differing perspectives 
and understandings together, to highlight the contrasts in an effort to 
negotiate a shared understanding of reality [136], from which a shared 
purpose and proposals for problem resolution can then be created. 

Given our focus on SES and our understanding of PM as a system 
itself, part of our encounter is to improve the ability of all to engage in 
Systems Thinking, involving the concepts of feedback loops, leverage 
points, and big-picture, long-term thinking [137–140]. Systems 
Thinking has a history with PM [129,141–143], and there are several 
tools well designed for promoting it as an educational exercise. For 
example, causal loop diagrams, system dynamics, and fuzzy cognitive 
mapping are all methodologies within PM that offer ways to ‘visualize’ 
an SES which may be enough for stakeholders to grasp what is going on 
beyond themselves and the role they play within a system [11,144,145]. 

There are also activities that can complement or supplant a ‘systems’ 
model. For example, in the Systems Thinking Playbook by Linda Booth 
Sweeney and Dennis Meadows, they showcase a number of activities 
designed to promote systems thinking [146]. One such activity, called 
the “Web of Life” involves the group each choosing a role in the ‘system’ 
(ex; a farmer, a politician, a neighbor, etc.), and members of the group 
pass a ball of yarn back and forth as they come up with ways their ac-
tions affect others in the system. As the ball of yarn gets passed, the ‘web’ 
grows in complexity, providing physical evidence of the interdependent 
relationships of the system and allowing stakeholders to ‘visualize’ how 
they are connected to such a system [146]. 

Systems Thinking is a cognitive skill directly aligned with PM and the 
management of SES, but there are other cognitive skills that can be 
taught and learned during a PM exercise, to the benefit of the group of 
the process. We’ve mentioned a few, but active listening can be prac-
ticed and modeled by the facilitator, creating and practicing a spirit of 
inquiry (aligning with the SI Factor of ‘Spirited Discovery’), and 
avoiding judgment and personal attacks are all skills. Attention can be 
brought to these as a part of the ‘shared purpose’ established at the 
beginning of PM, as a part of the collectively agreed-upon rules of 
engagement, or proposed by the facilitator ad-hoc should the need arise 
during the process [85]. Other areas to support these dialogical skills 
include metacognition, or learning to think about our own thinking and 
question are assumptions, which can be introduced by a brief intro-
duction to loop learning or a growth mindset, or even by the types of 
questions asked by the facilitator or other stakeholders. Building on 
Rapaport’s Rules, other examples include: “Could you elaborate on that? 
Could you give an example? Do we need to look at this in other ways?” 
[147,148]. 

In these ways, PM facilitators can frame and structure our encounter 
with participants so that the chances of success are maximized. By 
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focusing and embedding skill building as a part of the process, whether it 
is systems thinking or other cognitive skills, PM facilitators set up a 
space for conversations to happen, which is an excellent starting point 
for learning. 

2.4.2. Promoting dialogue 
This conversation, or dialogue, between stakeholders is essential. 

Dialogue is defined as “a sustained collective inquiry into the processes, 
assumptions, and certainties that compose everyday experiences” [149]. 
Included in this concept is ‘thinking together’, ‘sharing understanding’, 
experimenting with different points of view, and, crucially, sharing the 
“assumptions and the reasoning behind these assumptions in order to 
build richer pictures and act jointly” [136,150]. In transformative 
learning, they note that “feelings of trust, solidarity, security, and 
empathy are essential preconditions” and that for dialogue to occur, it 
cannot just be about ‘winning arguments’ [150]. 

Dialogue seeks to create a space where sharing differing viewpoints 
in the pursuit of shared meaning is encouraged and welcomed. For 
dialogue to occur, the atmosphere PM facilitators seek to create is that of 
a seminar, where “everyone has an equal opportunity to contribute, 
participants are informed on the topic to be discussed, and there are 
norms of courtesy, active listening, studying issues in advance, and 
taking tums to talk. Academic freedom permits anyone to be critically 
reflective of established cultural norms or viewpoints” [150]. The ability 
to question the positions of others and have your own viewpoint ques-
tioned can generate learning [81,82]. And indeed, it is dialogue, and the 
respect it implies, that can be used to resolve conflicts brought up in the 
‘encounter’ and support the collegial learning atmosphere through so-
cial interactions in the pursuit of shared meaning [136]. 

Part of this education function is to shape and transform individual 
mental models, thereby shaping the mental model of the group. Emo-
tions of participants at the micro level impacts their behavior, both in-
side the PM exercise and outside of it [85]. These emotions also open up 
mental models to transformation, or place them behind bulwarks if they 
feel threatened or judgment [151]. As such, PM facilitators want to 
avoid those negative emotions while still allowing for productive con-
flict [152]. It is a delicate balance, as emotions can help or hinder the 
group’s dynamics, and it is easy, if not inevitable, for emotional conta-
gion to occur, spreading dominant emotions from participant to 
participant [85,152,153]. The role of the facilitator is crucial then, to 
actively influence the system towards a positive emotional landscape 
[84,152,154,155]. 

Approaching people with warmth and acceptance, is crucial, as 
creating an atmosphere free of judgment is both key to getting people to 
unlock and share their perspectives and, vitally, puts them in a mindset 
to have mental models transformed [84]. PM facilitators want to avoid 
explaining away mistakes and responsibility, avoiding engagement, and 
having people bunker down in their ideological stances. Recent research 
from neuroscience, political science, and social psychology all agree 
with “acceptance” as a key underlier, pointing out the need for 
emotional resonance, the ability to say “I understand and feel your 
pain”, even if PM facilitators don’t agree with it [152]. The words 
chosen and atmosphere created can contribute to warmth and accep-
tance, thus promoting learning, or they can create destructive conflict, 
which is unlikely to allow for teaching or change. Some of this is 
encouraged by setting out the ‘rules of engagement’, as seen in the 
instrumental function. By having common and widely accepted ‘rules’, 
deep divisive conflict can be avoided and learning can thrive [156]. We 
set out some of these rules earlier (i.e. Disagree without being 
disagreeable), but there are numerous examples of these rules being 
used to better guide facilitated interactions, such as the following ex-
amples from Slotte and Raimo P. Hämäläinen [85]:  

● “Arguments directed against another participants’ personality are 
forbidden. This rule forbids accusations, insults and directs the 

dialogue to focus on issues. This is especially important in heated 
conflict situations … 

● Speak from experience. Speaking from experience has many advan-
tages. When a participant speaks from her own experience, she is not 
making a general judgement but speaks about her personal obser-
vations. It is often easier for participants to accept that somebody 
experiences a situation in a certain way vis a vis accepting a partic-
ular person’s viewpoint as a general truth (Boele 1997; Roberts 
2002) …  

● Inquire together. Participants focus on building on each other’s ideas 
and on succeeding as a group not only as individuals.” 

Another option is role play. Role play is a tactic available to us, 
specifically to help stakeholders to develop empathy for positions 
different than their own by ‘trying on’ a different perspective or ‘model’ 
of the way the world works [79,157]. The ability to consider a 
perspective that we, as individuals, have not lived is a distinctly human 
characteristic [158]. Anthropologists have theorized this provided an 
evolutionary advantage as our ancestors were able to learn from the 
experience of others (seeing a lion) without necessarily having to endure 
the danger (being eaten) and psychologists have used role play (or role 
reversal) in therapy since the 1920’s [159,160]. Encouraging stake-
holders, particularly those in conflict, to take up and defend the 
opposing position can help them appreciate why someone else might 
hold that view, building empathy and encouraging more harmonious 
communication [161–163]. Agreement does not have to be present, but 
the aim of role play is to understand where a view or opposition might 
come from, and to ultimately consider and reflect on what that might 
mean for our worldview and for the model [164]. 

2.4.3. Encouraging reflection 
The final piece of learning is reflection. To internalize the learning, 

stakeholders should be given space to consider what might have 
changed about their mental models, or where their worldviews might 
need updates [136,165]. The modeling process and interactions with 
other stakeholders and the facilitator provides feedback on an in-
dividual’s mental model, reflection is key to then “diagnosing what 
matters, designing what could be, doing what we can and then devel-
oping a deeper understanding from reflecting on and evaluating that 
practical experience” [136]. Reflection builds on the awareness of as-
sumptions PM facilitators create during the encounter, but it is a vital 
step towards the end of the process for people to consider how their 
worldview fits or does not fit with what has been explored by the group, 
and perhaps with what has been captured by the built model [82]. The 
built model and or computer simulation provides explicit feedback on 
the suitability of someone’s mental model, and providing a space for 
reflections means those same models become vehicles for trans-
formation of mental models, of moving through the slow, logical, 
rational space of System 2 thinking [166]. 

There are various levels of feedback that can be given throughout the 
process, and different levels of reflection [136]. This reflection can be 
personal, through goal setting, or it can occur at a community level, 
creating a common vision, setting priorities, and then evaluating how 
that process has been achieved [136]. It is the job of the facilitator to 
consider these various levels of reflection and provide a path forward for 
stakeholders to receive feedback, internally and externally, so as to 
achieve the transformation of mental models sought by the PM process, 
and especially the education function [29,167]. 

In learning, feedback is vital to feeding the reflection process. 
Feedback shows what went wrong and why, and it is that mistake that 
allows for learning to happen, for neurons to fire, for the grooves to 
deepen in the mind and for expertise to form [75,168]. In a PM setting, 
that feedback can arrive from anywhere, often outside of the control of 
the facilitator. However, as learning for both individuals and the group 
is important, one of the ways to internalize feedback is to create a 
mechanism by which explicit feedback can be provided and reflection to 
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occur. 
And how can people know when they’ve done well or poorly? By 

setting out a mark, by setting a goal that indicates whether or not it was 
achieved. This should be done at the beginning of the process and should 
occur for both the group, perhaps as part of the collective rule-setting, 
and for individuals, so they can internalize and own their personal 
stake in the process. There are a few rules to follow in goal setting, 
beginning with the types of goals. 

Relevant research includes Goal Framing Theory which suggests that 
abstract ‘normative’ goals may not be as effective in motivating 
behavioral change [169]. Instead, the theory suggests that goals, 
appropriately framed, turn norms of suggested ‘should’ behaviors into 
more concrete actions, making them more likely to be followed. Lin-
denberg and Steg [169] offer a few steps, including linking “highly ab-
stract smart norms (such as “do not harm others”)” to “lower-level smart 
norms about environmentally friendly behavior (such as “act pro--
environmentally”), which in turn should be linked to specific behavior 
(i.e., to shower less)”. For participants of PM, this may include linking an 
abstract norm of “Increase transparency” to “Always explain the why 
behind key decisions so others understand your intent and your thought 
process.” 

Goal Framing Theory advocates for education and empowerment, as 
the first barrier to better action may be a lack of information about the 
issue, and secondly, stakeholders may not understand how their be-
haviors contribute to the problem [169]. As such, using smart goal 
setting at the outset of the exercise, to have stakeholders create their 
own internal mechanisms provides a way for stakeholders to receive 
feedback (and therefore increase the chances of learning) and for them 
to buy into the process [169]. 

These goals provide a relevant form of feedback and, more impor-
tantly, provide a source of reflection for the group and for individual 
participants. What went well? What went wrong? And, why did that 
occur? The ‘why’ provides the meat of the reflection, encouraging par-
ticipants to dig into the reasons behind something occurring, which is 

where feedback can occur and lessons can be learned and internalized 
[168]. The key is to make this feedback either neutral (from the facili-
tator’s perspective, any sort of ‘grading’ is to be avoided) or internally 
driven by the stakeholders, who can do so by setting out their own 
personal goals at the beginning. 

2.4.4. Summary 
In the educational function of PM, the main aim is to create an 

environment where new ideas can be explored and learned, to change 
stakeholder understanding of the world and their place in it, to trans-
form individual mental models by creating a collective mental model of 
the system, in some shape or form (I [1,29,129,130]. Understanding the 
role of the encounter, dialogue, and reflection in this educational 
function is key, and strategies, many of which drawn from operations 
research, education, negotiation, and decision-making, are available to 
promote an atmosphere where learning can occur. These include the 
explicit teaching of skills like systems thinking, prioritizing a spirit of 
inquiry and an attitude of warmth and acceptance, role play to create 
empathy, and appropriate goal-setting and feedback to encourage 
deliberation and reflection. 

This stakeholder learning is central to the educational function, and 
supports and encourages the success of the other functions. As “a pur-
poseful learning process for action that engages the implicit and explicit 
knowledge of stakeholders to create formalized and shared representa-
tion(s) of reality”, PM takes this education seriously, and it is vital for 
facilitators to design and encourage an atmosphere where learning and 
transformation are possible. Understanding the system around and 
within which learning can happen, solutions, epiphanies, and break-
throughs can all be encouraged in the process of building a participatory 
model. 

2.5. A practice guide to the four functions of PM  

Table 2 
PM and SI matrix.  

SI Factors Functions of PM (The Purpose) 

Substantive: To solve 
problems 

Normative: To build 
legitimacy 

Instrumental: To reduce 
conflict 

Educational: To promote 
stakeholder learning 

Systemic Perception  - Considering the human side 
of the PM process as an 
important part of the socio- 
ecological system. Under-
standing the invisible and 
hidden drivers of behavior 
-Expanding the scope of the 
modelling effort by explic-
itly listing human side vari-
ables to be kept in mind can 
help to enrich the solution 
space -Focusing on systemic 
leverage points and funda-
mental solutions as opposed 
to piecemeal, symptomatic 
solutions  

- Taking into account the ‘big 
picture’ of the system and 
involving all relevant 
stakeholders in building a 
representation of the system 
(the model) -Seeing 
underlying systems and 
structures that can affect 
behavior (power 
relationships, organizational 
barriers, lack of sufficient 
time, money, resources, etc.) 
and portraying those in the 
model  

- Paying attention to the 
dynamics of the social 
situation and how that affects 
the way PM facilitators model 
the system -Understanding 
that without building 
constructive partnerships and 
relations, consensus won’t be 
achieved and it becomes 
harder to act  

- Systems Thinking is useful for 
understanding nonlinear 
feedbacks, thresholds, and the 
interactions of complex 
systems. Systems dynamics, 
causal loop diagrams, and 
fuzzy cognitive mapping can 
all help with this -Making 
participants aware of 
interconnections of the socio- 
ecological system, including 
their own emotional pro-
cesses, by explicitly repre-
senting these in the model 

Attunement  - When people feel that they 
are appreciated they are 
likely to have interest to 
work together and identify 
joint goals -Active listening 
allows different perspectives 
to be raised and the model to 
be improved  

- Give every participant a 
voice to improve the 
involvement in and 
ownership of the model 
-Every person feels that his/ 
her and opinion is of 
importance  

- Appreciation of people’s 
feelings helps people to 
express their concerns and 
identify ‘gaps’ in the portrayal 
of the system -In a warm and 
empathetic atmosphere 
people are relaxed and open to 
communication and will 
attune positively to the social 
system which PM creates  

- Helps to understand different 
points of view and the 
problem from other people’s 
perspectives to move towards 
shared and social learning and 
a collaborative, collective 
model 

Reflection  - Helps to reframe problems 
and choose both the right  

- Thinking about our thinking 
process builds trust in our  

- Creates an open atmosphere 
to share thoughts and test  

- Allows for people to take 
feedback and either 

(continued on next page) 
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Table 2 (continued ) 

SI Factors Functions of PM (The Purpose) 

Substantive: To solve 
problems 

Normative: To build 
legitimacy 

Instrumental: To reduce 
conflict 

Educational: To promote 
stakeholder learning 

problem and the right 
modeling approach to 
address it -Consider the risks 
of biases related to model 
use and path dependence of 
the process -Self-reflection 
helps to find new ways of 
thinking 

conclusions and the way we 
represent the system -Makes 
the ‘implicit’ explicit, 
encouraging transparency in 
our thinking and in the model 

ideas -Thinking about the 
biases that stakeholders have 
about each other and 
challenging such biases could 
help stakeholders to be more 
open and tolerant to others 

incorporate it into existing 
mental models or transform 
their mental models to 
accommodate new 
information -Justifies, 
through deliberation, our 
understanding and 
assumptions, supporting our 
conclusions from learning 

Attitude  - Positivity increases curiosity 
and ability to see a richer set 
of options in problem 
solving -Without positivity 
the group will not be 
interested in creative 
problem solving in reaching 
shared understanding  

- Positive attitude and 
communication style are 
essential in creating trust, in 
the process and in the model  

- Positive displays of emotion 
are low/no cost and help to 
create fruitful relationships 
and a sense of optimism in the 
PM process -Positive 
emotional contagion can help 
people want to work together  

- Positive attitude helps to learn 
new things -Changes model 
building from a tiresome task 
with high cognitive load to an 
adventure or ‘solving a puzzle’ 

Spirited Discovery  - Openness and tolerance to 
the ideas/suggestions of 
others (less defensive 
behavior) -Encouraging 
creativity helps to imagine 
and experiment with new 
ways of thinking -Testing 
assumptions about model, 
modelers, model approach, 
and model constraints  

- Looking for solutions with an 
open eye and not excluding 
even the wildest ideas gives 
confidence that the problem 
has been addressed with a 
trustworthy approach 

Encouraging participants to 
engage in free form 
brainstorming mode to discover 
and test new ideas brings people 
together as a team  

- Asking people to playfully role 
play as a stakeholder in the 
system with a different role 
encourages empathy and 
improves decision-making, 
ultimately improving the 
model 

Wise Action  - Keeps the focus and balance 
so that each participant feels 
comfortable and gives her 
best to the project 
-Facilitates the problem 
structuring process with a 
sufficiently long opening 
phase but also provides time 
for a closing phase to 
summarize and consolidate 
the results -Prioritizing long- 
term (fundamental) solu-
tions to short-term (symp-
tomatic) ones -Focusing on 
finding ‘win-win’ solutions 
within the group’s portrayal 
and understanding of the 
system and the model  

- Wise action is reflected in the 
behavior of the facilitator 
when he shows leadership in 
running the PM project by 
considering the modelling, 
procedural, data related and 
social aspects with a holistic 
systems approach with an 
understanding that 
sometimes things can take 
time to be solved -Involve 
stakeholders who are hard to 
manage or are not directly 
affected, but could play their 
role in the long-term  

- Confirms the meaningfulness 
of the PM project and supports 
their willingness to work 
together constructively 
-People feel taken care of 
-Encourages stakeholders to 
consider the impacts of their 
current actions on long-term 
success of the whole situa-
tion/PM project -Manages 
conflict so that it produces 
new insights and 
understanding  

- Problems can be complex and 
there are seldom quick fixes 
but joint, collective action can 
help -Taking time to look into 
the fundamental issues helps 
to clarify the big picture of the 
system 

Positive Engagement  - Working with an inquiry 
mode brings about richer 
alternatives -Withholding 
advocacy or preaching helps 
stakeholders find and own 
joint solutions -Showing 
respect and interest towards 
everyone’s ideas prevents 
stalemates and find 
compromises -Prevents 
people from holding back  

- A dialogical process 
guarantees that people feel 
they have had a voice to 
express their concerns  

- Positive engagement 
alleviates tensions in conflict 
situations and help to build 
bonds -Showing interest in 
others ideas and opinions 
creates a communal feeling of 
sharing and ownership over 
the model created -Elevating 
others opinions creates 
positive reciprocity and better 
relationships  

- Helps to create a shared 
mental model of the situation 
and learn from each other’s 
perspectives, promoting 
shared understanding and 
social learning 

Effective Responsiveness  - Reacting rapidly to 
problems emerging during 
the PM process avoids 
stalemate situations 
-Addressing people’s 
concerns effectively during 
the process is important to 
prevent the focus from being 
shifted away from the 
group’s overall purpose  

- The time spent in the PM is 
used efficiently with good 
management of the process 
-Responding to the 
participants comments and 
concerns clearly and timely 
creates trust in the PM 
process and the model that is 
built together  

- Attending rapidly to 
potentially emerging negative 
communications and 
confrontations -Proactive 
approach in communications 
with others (e.g. if your 
feedback was too direct or 
offended another participant, 
fix it next time) -Clear and 
efficient collaboration keeps 
the groups mood positive and 
energetic  

- Participants learn that 
problems can be solved with 
structured processes, and that 
PM can be a useful tool for 
transforming mental models   
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2.6. The four functions: a reflection 

For any PM process, it is highly unlikely that only one function is 
present. We mentioned it at the start, but of the four functions (sub-
stantive, normative, instrumental, and educational) it is probably more 
likely that all are present to some degree, rather than just one exclu-
sively. The function of focus may also change over the course of the PM 
process. In addition, it is worth reiterating how these functions build on 
each other, as we’ve seen. Many of the tactics and strategies we suggest 
can build multiple functions and serve multiple purposes, such as critical 
questions being used to increase legitimacy by ensuring fair represen-
tation, or those questions can be used to reduce conflict by examining 
power relations, thereby helping to achieve the instrumental function. 
These interdependencies are why it is so vital to see PM as a ‘system’. 
While presenting these functions as four separate categories does not 
necessarily reflect the cyclical, systemic, iterative, sometimes messy 
nature of the process [77], we have done so in the hopes it provides a 
useful way to conceptualize and deliberately design a PM process. 
However, more is needed to organize these insights and ensure a holistic 
perspective, and for that, we turn to Systems Intelligence. 

3. Systems intelligence and PM 

Given the various functions at play in PM, there are a number of 
practices, strategies, and tactics available to PM researchers and facili-
tators to improve our success in achieving the different functions. As 
practitioners ourselves, it is both easy, maybe even common, to dig into 
the literature and grab a practice du jour, apply it, and then carry on. 
While that practice may still improve the process, PM practitioners need 
better practices and a better framework with which to consider, design, 
and execute those practices, ensuring a more holistic approach to PM 
(see Fig. 1). 

Thus, there is a need for a systems-based perspective [84,85]. Such a 
perspective recognizes that any workshop exists in a space of larger 
systems, as do the stakeholders, as do the researchers seeking to conduct 
a PM exercise. In PM, understanding people’s choices as a product of 
their personality, the situation facing them, and the context of their 
decision holds vital implications for the way facilitators consider the 

design and interactions of a workshop, down to the images PM facili-
tators use to present data, and the words PM facilitators use to welcome 
the group [85]. These nested levels and scales of interacting systems 
make it vital for PM practitioners 1) to do the work to understand our 
place in the system(s), and 2) to recognize any action, including a PM 
workshop, is embedded within a system. It is a skill to recognize these 
subtleties. The more SI is present in a PM exercise, by researchers or 
stakeholders, it offers a reinforcing path to better organize and interact 
in the process (see Fig. 2). 

3.1. Systems intelligence: the essentials 

The basic idea in SI is that in any organizational setting whether it is 
a family, school, business or a project, people take part in a system in 
which they are embedded. People become and remain part of the sys-
tem; in fact, people can only act from within the system. By taking an SI 
perspective, people can better recognize the system(s) of which they are 
a part, helping them to notice the bigger picture and various scales at 
which their systems might operate and interact. One needs to consider 
both micro and macro level systems and behavior, some of which may 
not be clearly visible. For example, on a macro level the background 
constituencies of stakeholders can bring in invisible demands and con-
straints which limit the decisions of the representative. On a micro level 
the participants emotional feelings have an impact on their behavior and 
their mental models in the process and it would be good to understand 
how to avoid causing negative feelings. This applies also to problem 
solving projects like PM. The facilitator cannot remain as an outsider but 
becomes part of the system of problem solving, with stakeholders. 

Naturally, the starting point in the SI perspective is to take a wide 
systems approach, involving both the ecological-physical side and the 
social side of the problem at hand. With the SI perspective, PM facili-
tators can understand that sometimes the whole system can present itself 
in a different way to different stakeholders. There can be situations 
when models generated by experts are not trusted or shared with all 
stakeholders due to reasons such as narrow scope, contested data, etc. 
With SI, it can still be possible to move forward even under disagreement 
with respect to the models because effective leverage points can possibly 
be found either from interventions made on the human side or on the 

Fig. 1. PM functions and their components. Note: Bidirectional arrows show the connection to the components resulting as outcomes from the PM process and 
represent that sometimes these components can also be prerequisites for the PM process (e.g., without fair representation the PM process is unlikely going to 
be effective). 
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ecological side. By involving the various systems, it increases the 
complexity, but the dynamics and interconnections of the systems also 
offer more opportunities for positive action. 

On this note, the SI perspective looks for effective ways of acting by 
considering the overall effects including the reactions of the other ac-
tors. SI looks for leverage points through which a minimal effort can 
cause large changes in the overall dynamics. In social group settings, the 
emotional reactions can be very important drivers of the process. The 
mental models of the participants also play an important role and are 
often driven by invisible signals. PM facilitators need to try to observe 
emotional signals and effects and understand how their own behavior 
can impact these. The actors in a system are not necessarily the only 
drivers of the dynamics observed. The fact that the system structure can 
create behavior is also a key idea in systems intelligence. This means 
that PM facilitators need to pay attention to the structure of the system, 
i.e. the communication and interaction design, presentation and 
collection of data. For example, the order of actions and presentation of 
data can have an impact on human perceptions. One essential piece of 
systems intelligence is to understand that in a system which is evolving 
dynamically it can take time before the positive effects emerge and there 
can even be a negative dip in the dynamics before things start to get 
better. It is also possible for things to get worse should caution be 
abandoned and the wrong tool applied in situations for which it is not 
well suited. 

To be able to improve in systems intelligence one would need to have 
a way to measure it. For this purpose, there is a systems intelligence 
inventory which is based on self-evaluation and fully explained in 
Törmänen, Raimo P. Hämäläinen, and Saarinen [39]. Based on the large 
set of data collected from different subjects the analysis of the inventory 
of 32 questions suggests that there are eight main factors of SI [37]:  

● Systemic Perception. Our ability to see the systems around us.  
● Attunement. The capability we have to feel and tune into people and 

systems.  
● Reflection. Our capacity to reflect on our thoughts and think about 

our thinking.  
● Attitude. Our overall approach to life in systems.  
● Spirited Discovery. Passionate engagement with new ideas.  

● Wise Action. Our ability to behave with understanding and a long 
time horizon.  

● Positive Engagement. The character of our communicative 
interactions.  

● Effective Responsiveness. Our talent at taking timely, appropriate 
actions. 

SI has already been suggested to be a competence essential in 
different realms ranging from everyday life [37] to leadership [36,170], 
engineering [171], knowledgemanagement [172], and to participatory 
decision making (Siitonen and Hämäläinen 2004). Originally, SI was 
described as a personal skill, but it has also been suggested to be 
applicable to teams and organizations as well (Törmänen et al., 2020). 
Awareness of SI is believed to help trigger positive thinking and devel-
opment of successful practices by the PM facilitator. We believe that in 
PM the whole team is likely to benefit from systems intelligence 
thinking. Drawing from a combination of personal knowledge (two of 
our co-authors have decades of experience in PM and SI) and a ‘snow-
balling’ approach to a review of the literature, below (See Table 2) we 
outline how SI might offer a way to organize and design a more holistic 
and more intelligent PM process, according to the four functions of PM. 
In the below table, we’ve laid out actions or attitudes taken during a PM 
process that can enact the combination of the four functions of PM by the 
eight factors of SI. 

It is worth noting that the basis for this review and synthesis was not 
systematic, nor do we claim for it to be exhaustive. The transdisciplinary 
nature of the questions we seek to address and the solutions we seek to 
promote encourage a more open and serendipitous approach to the 
literature, as more than a few different literatures were relevant here. 
None of these fields, by themselves, were likely to singularly contain the 
potential answers for the complex problems facing the field. However, 
transdisciplinary work has been in progress, and we hope to continue to 

Fig. 2. The reinforcing (R) loop of SI in PM. As stakeholders gain systems in-
telligence, so does the process. As the process embraces systems intelligence, so 
do the stakeholders. 

Table 1 
As listed here, there are several practices available to PM researchers and fa-
cilitators to improve our success in achieving the different functions. Some 
practices may even build multiple functions or serve multiple purposes. Practi-
tioners can apply any one (or a combination of) practice(s) to better deliver on 
the desired outcomes for PM and practitioners should also consider the holistic 
framework in the design and execution of PM (through Systems Intelligence) to 
ensure the socio-emotional system of PM supports the cyclical, systemic, itera-
tive, sometimes messy nature of the PM process.  

Substantive  ● Social Network Analysis [45,46]  
● Online Discussion Forums, ex; Discussoo, Kialo [49]  
● Boundary Objects [51–53]  
● Active Listening [60,173]  
● Rapaport’s Rules [61]  
● Pre-Mortem [64,70,71,73,174]  
● Psychological Safety [78,175]  
● Action Formulations and ‘Inquiry’ [30,84].  
● ‘What If’ Scenarios [83,85,164] 

Normative  ● Stakeholder Analysis and Stakeholder Mapping [45,46,95]  
● Critical questions [99,100]  
● Gamified Elements [108]  
● Red Team [111–113]  
● ‘thinklets’ [116,117]  
● Caucusing [118,119] 

Instrumental  ● Critical questions [99,100]  
● Rules of Engagement [85,124]  
● Identifying and Categorizing Conflict (X. Briggs et al., 2005)  
● Managing Expectations (Divergent and Convergent Thinking, 

Groan Zone) [31]  
● ‘Facilitator’s Fundamentals’ [85,124]  
● Facilitation Team Roles [124,126] 

Educational  ● Systems Thinking [140,146]  
● Rules of Engagement [85,124]  
● Dialogical and Metacognitive Skills [85,147,148,176]  
● Emotional Resonance [152]  
● Role Play [158,159,177]  
● Feedback and Goal Setting [168,169]  
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build on that, advocating for SI as one of many possible, potential 
solutions. 

Depending on the purpose or function of a chosen PM exercise, the 
attributes of SI will apply in different ways. For example, within the 
substantive function, SI aligns by calling for action from within the 
system by the participants. You need the diversity of voices from within 
in order to be able to ‘move’ the system, and you need a way to find a 
decision and move towards it in the aftermath. According to systemic 
perception, people need the ability to see the systems around them in 
order to change those systems. This ability can come from developing 
our skill of systems thinking, but also by learning about the perspectives 
of others, to see the system from their eyes. The spirit with which people 
approach that is key, in positive engagement and spirited discovery, PM 
facilitators bring a collaborative spirit and a curious mind with which to 
positively learn from our fellow participants. By understanding the re-
lationships between stakeholders, PM facilitators have a better under-
standing of the system around them, thus improving our systemic 
perception. In achieving shared understanding, attunement would be 
key, as the empathy PM facilitators might have for participants and for 
other elements of the system. 

As the group seeks to come to decisions to solve the problems at 
hand, both wise action and effective responsiveness can guide that 
process. Much of what we have advised above can provide a space for 
the diverse voices to come together and be heard, and in building on that 
to take action, considering a long-term perspective (wise action) and 
how to have a real-world impact for the group (effective responsiveness) 
are both crucial considerations. Systems Intelligence is transparent in 
calling for an understanding of system leverage points, of which a PM 
process can be well suited for by building a model of the system. Fuzzy 
cognitive mapping, system dynamics, and causal loop diagrams are 
three of many types of modelling within PM suited for such an objective. 
Regardless of the function chosen, what is noteworthy here is how SI and 
these attributes seem to apply across the functions, lending itself to the 
more systemic approach needed to avoid piecemeal practices. 

4. Future research and conclusions 

This paper set out to determine how Participatory Modelling might 
benefit from an integration of a Systems Intelligence perspective. We 
first examined four functions of PM, and laid out transdisciplinary 
practices to achieve them. However, we noted the need to take a sys-
tematic approach to avoid short-term piecemeal solutions. For this, we 
highlighted the potential of SI to conceptualize and design PM, as it 
understands the central role of people within a dynamic system. This 
understanding is central to discovering and implementing long-term 
management solutions to SES problems. 

One of the issues that emerges from these findings is the widespread 
availability of practices to improve a PM process. Drawing from other 
fields, we highlight a number of them, including Red Team, pre-mortem, 
active listening, critical questions and others (see Table 1). We drew 
from social learning, counseling, education theory, operational 
research, military studies, and other fields, demonstrating the overlap 
and potential for this transdisciplinary approach to how people think, 
learn, and behave to find practices that can be adapted and implemented 
to PM. We encourage other areas of study to be integrated, considered, 
and partnered with in the future. 

However, despite the number of practices identified, it is likely that 
without a broader strategy or design, the implementation of a single 
practice may not solve the human-centered problems of PM. There is 
abundant room for further progress in determining how these problems 
might be solved, and future studies on the current topics are therefore 
recommended. 

A number of key areas can be explored further in this combination of 
Systems Intelligence and Participatory Modelling: 

● Experimental research should seek to test and validate the effec-
tiveness of the proposed solutions we present above, both in their 
ability to impact stakeholder learning and in assessing the trade-offs 
in the time, resources, and expertise needed to successfully imple-
ment them, similar to Voinov, Jenni, et al. [11] and the various 
modelling methodologies available for PM. The challenge of assess-
ing such practice impact is a well-recognized problem, and insights 
from qualitative methods and social science may assist in ‘isolating 
variables’ in a social workshop, and in dealing with the smaller 
sample sizes common in PM efforts. Looking at insights from other 
fields, as we have done, is a good starting point to identify ‘candi-
dates. This can then be complemented by innovative experimental 
methods (the work of Cialdini and colleagues is a great example) that 
can and should be explored further (Robert B [69,178,179]. One 
specific intervention is to formalize deliberate reflection and evalu-
ation with stakeholders at the end of any and every PM workshops, to 
encourage immediate feedback on the process.  

● More examples of ‘fine-grained analysis’ of the audio and/or video 
recordings of PM exercises can aid in the above [30,180]. PM, 
particularly if recorded, generates rich qualitative and ethnographic 
data. By analyzing conversations, dialogue, and the interactions 
between stakeholders and facilitators and applying more reflective 
‘soft’ approaches, drawing from established qualitative methods, PM 
facilitators can systematically deepen our understanding of problems 
encountered during different PM processes, highlight areas for 
improvement, and potentially apply a rigorous examination of the 
effectiveness of different strategies and practices brought into the 
process [83,181].  

● Using one or more case studies of PM, evaluate each process using 
Systems Intelligence as the framework to assess where and how the 
process might be improved to encourage the type of systemic 
perspective needed. This could be designed pre-emptively, similar to 
the use of a pre-mortem to determine what PM facilitators hope to 
accomplish, what the risks are and to identify ‘signs’ that might 
indicate the presence (or absence) of the attributes of SI. Or this 
framework could be done after the fact, potentially in partnership 
with fine-grained analysis, to look at how the attributes of SI were 
displayed during the PM exercise, by the participants or by the fa-
cilitators, and to suggest ways this might be built upon in future PM 
exercises.  

● Various authors have called for recording the results of participatory 
modelling exercises as a way to both learn from past experiences and 
improve the practice going forward [41,123,182]. Regardless of the 
format chosen, (4P Framework, Records of Engagement, the Protocol 
of Canberra, or something else) the PM community should seek to 
standardize documentation of the process, similar to the ODD 
framework for agent-based modelling [183].  

● Collaborative efforts with experts from multiple disciplines should 
continue and expand, in pursuit of transdisciplinary solutions to 
promote stakeholder learning and SES change. While bringing ex-
perts and researchers from various disciplines does not guarantee 
success (and often creates its own headaches), the potential for truly 
innovative and discipline-spanning solutions is immense. Combining 
expertise and knowledge from psychology, neuroscience, education, 
action researchers, negotiation, behavioral economics, and other 
fields creates the possibility for solutions to emerge that are so much 
greater than the sum of its parts. Stakeholder values, beliefs, and 
biases shape their worldview and therefore their actions. Cognitive 
biases can tell all of us that our perspective of the world is ‘true’, 
when reality may say differently.  

● Research that focuses on addressing a specific bias, say confirmation 
bias, and exploring how that qualitatively and quantitatively can be 
limited in its distorting influence is a promising area for the future. 
Acknowledging the role these cognitive biases play and more 
explicitly incorporating strategies to bring awareness to them and 
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limit their impact [184,185] can and should be an accepted part of 
PM facilitation and practice [12,186]. 

Taken together, the findings of this paper have a number of impor-
tant implications for future practice, both for Participatory Modelling 
and Systems Intelligence. By using a transdisciplinary lens to break 
down the four functions of PM into ‘sub-components’, we make those 
digestible and practical for researchers to implement (e.g. it is easier to 
focus on ‘improving a better process for stakeholder reflection’ than it is 
to improve all of stakeholder learning). We further this effort by pointing 
to practical ‘tools’ to implement to achieve each of those sub- 
components, and therefore each of the functions. And despite this 
breakdown and categorization, we also know reality is more compli-
cated than that. There is overlap between these four functions; there are 
different priorities among different PM processes, and those things may 
shift over the course of any PM exercise. The list of functions and the 
practices may lead to what we name as a ‘piecemeal’ approach: choosing 
one practice to implement and ignoring its spill on effects. This is where 
we call for systems thinking, and Systems Intelligence specifically, as a 
way to consider the entire PM process as a system, and ensure a holistic 
consideration of the inputs and outputs into the process/system of PM. 
This combination of PM and SI has enormous potential, and while we 
showcase that potential, more work can and should be done here. SI is 
one way (not the only possible one) to improve the four functions. 

We suggest a role for SI in promoting consideration in the design and 
practice of the PM process, by conceiving of PM also as a socio- 
emotional system that involves the ever-changing dynamics of influ-
encing and being influenced by people at the center of the process. SI can 
be a creative, transdisciplinary perspective that looks at one thing (a 
function), sees how other fields of study might conceptualize that, brings 
those other fields in to see how they might apply to a PM context, and 
eventually lead to practices and practical tools PM facilitators can use to 
carry out those sub-components and functions in a systems-based 
manner. Our work suggests several courses of action for PM practi-
tioners, including further collaboration with experts in social sciences, 
more experimental designs to test the effectiveness of various in-
terventions, and further work exploring how PM and SI can mutually 
benefit each other. Further research in this field would be of great help 
in improving the ways PM facilitators work with stakeholders, 
improving the intelligence of our design, our practice, and the people 
PM facilitators work with. This is a fruitful and important area for 
further work and we hope others will join us in this collaborative effort. 
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drive long-term sustainable behaviours with farming stakeholders in socio-environmental 
systems. 
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Distinguished Professor in the School of Information, Systems and Modelling at UTS, 
Alexey Voinov has deep experience in systems modelling and a special interest in simu-
lation modelling of socio-environmental systems. Alexey’s interests evolve around spatial 
dynamic modelling of complex systems and sustainability science in application, and he is 
a strong advocate of stakeholder involvement in modelling and decision making. He is 
Director at the Center on Persuasive Systems for Wise Adaptive Living (PERSWADE) at 
UTS, where he and his team develop and apply persuasive technologies and system science 
to advance a more sustainable future. Alexey teaches courses on systems modelling, in 
particular, in application to socio-environmental studies, and he is the author of Systems 
Science and Modeling for Ecological Economics (Academic Press/Elsevier, 2008).Before 

joining UTS, Alexey was Professor of Spatio-Temporal Systems Modelling for Sustain-
ability Science at ITC, University of Twente in the Netherlands. He has also been a Fellow 
at the Gund Institute at the University of Vermont, where he specialized in watershed 
modelling, and hydrology and land use modelling, among other things. For several years, 
he coordinated the Chesapeake Research Consortium Community Modelling Program, and 
he was also Principal Research Scientist at John Hopkins University, in the US. Alexey also 
spent a year with the AAAS Science and Technology Fellowship program working with the 
US Army Corps of Engineers. He has his MSc and PhD from Moscow State University, 
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Emeritus professor Raimo P. Hämäläinen retired on August 1st, 2016. He continues 
research at Aalto University as a Senior Advisor. He is also Visiting Professor in Decision 
Sciences within the School of Business and Economics, Loughborough University, UK. 
Prof. Hämäläinen established the Systems Analysis Laboratory in 1984 in the Helsinki 
University of Technology which is now part of the Aalto University. He retired in 2016 and 
continues research work actively as an emeritus professor. He is well known for his work in 
dynamic game theory and decision analysis. He is the author of over 200 publications and 
conference papers on decision making, control and dynamic games, energy modelling and 
environmental decision making and participation, and biological systems. He is also the 
designer of many widely used decision support systems. He is the past and founding di-
rector of the Doctoral Education Network on Systems Analysis, Decision Making and Risk 
Management in Finland. As a consultant he has helped to solve problems especially in the 
areas of environmental policy and risk analysis. He has actively worked on the new 
concept of Systems Intelligence, developed by him and prof. Esa Saarinen. He is chair of 
the EURO Working Group on Behavioural OR and one of the initiators of this emerging 
new area in OR. He was awarded the INFORMS Group Decision and Negotiation Section 
Award in 2021 (acceptance talk) and the Ramsey Medal of INFORMS in 2019 for his 
distinguished contributions in decision analysis. The Board of Finnish Operations Research 
Society nominated Professor Raimo P. Hämäläinen the Honorary President of the society 
for his contributions in developing the field of OR in Finland. The International Society on 
Multiple Criteria Decision Making presented the MCDM Edgeworth-Pareto Award to 
Professor Raimo P. Hämäläinen as the highest distinction that the international Society on 
Multiple Criteria Decision Making bestows upon a researcher who, over his career, has 
established a record of creativity to the extent that the field of MCDM would not exist in its 
current form without the far-reaching contributions from this distinguished scholar. 
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