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Abstract
As gamification has been gaining ground in research practice, system
dynamics is no exemption. Despite the long tradition of system dynamics
gamification, capitalizing on lessons learned from previous experiences is still
challenging for practitioners. Specifically, the extant literature introduces a
repertoire of system dynamics-based simulators and games under quite
divergent perspectives and nomenclatures, while a comprehensive set of
practical ‘how-to-gamify’ guidelines and a resource repository are lacking.
Thus, this research aims to propose a set of shared principles by (i) providing
an embryonic definition of system dynamics gamification and (ii) framing the
most relevant challenges and drivers, to fill in the literature gaps and allow for
effective knowledge accumulation. Overall, this work anticipates rendering
gamification as a recognized branch of the systems dynamics domain by
establishing a common language and recommending directions to improve
practice and research efforts.
KEYWORDS
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1 | INTRODUCTION
Gamification is becoming popular within the research
and business communities (Bohyun, 2015; Larson, 2020;
Wünderlich et al., 2020), fostered by accelerating technological advancements. Particularly, the diffusion of
information technology rendered gamification as an
established technique within the human–computer interaction field (Rapp et al., 2019). Notably, the global
gamification market value equalled USD 10 million in
2020 and forecasted to reach USD 38 million by 2026
with an annual growth rate of 25% over 2021–2026
(Mordor Intelligence, 2020). The gamification outputs
that have a broader scope beyond sole entertainment are

usually called ‘serious games’ (Abt, 1970; Hendrix
et al., 2016; Liu & Santhanam, 2017). These games can
translate systems science and simulation modelling into
learning experiences to capture human behaviour
through interaction and feedback (Hämäläinen
et al., 2020) and increase engagement and learning
(Looyestyn et al., 2017; Robson et al., 2016). In fact, not
only does the deployment of game-based learning tools
provide a deeper systemic understanding, but it also
offers additional benefits to the users, such as behavioural changes, knowledge retention, actions' stimulation
and soft skills' development (Connolly et al., 2012;
Rooney-Varga et al., 2020; Wouters et al., 2013). Notably,
serious games based on simulation models have been
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broadly used in environmental management (Aubert
et al., 2019; Flood et al., 2018) and social learning and
engagement (den Haan et al., 2020).
The system dynamics (SD) field has also been
involved in obtaining and delivering systemic insights
through innovative learning tools. Beyond the abovementioned positive aspects of serious gaming, SD
gamification efforts have been focusing on improving
researchers' and players' comprehension of non-linear
complex systems evolving over time, aligning with the
core purpose of the SD methodology (Forrester, 1961).
Several practitioners have gamified their SD models
across a wide range of research areas, such as operations
strategy and management (Adamides, 2018; Lainema &
Hilmola, 2005), business growth (Bianchi &
Bivona, 2000), agricultural operations (G
omez Prada
et al., 2020; Saysel, 2017), sustainability and climate
change (Nordby et al., 2016; Rooney-Varga et al., 2020;
Sterman et al., 2015), urban mobility (Papathanasiou
et al., 2019), cybersecurity (Jalali et al., 2019; Zeijlemaker
et al., 2019) and education and teaching (Sweeney &
Meadows, 2010; Thomas & Milligan, 2004).
Given the important role of simulation gaming in
policymaking and decision-making (Flood et al., 2018;
Ryan, 2000), the use of SD gamification has been
steadily increasing over time; however, this growth rate
could be considered as lower compared with other
domains (van Daalen et al., 2014). In fact, despite the
variety of SD-gamified tools in the literature, authors
use different nomenclature to describe their models,
limiting researchers' ability to gain insights from
existing efforts (Maier & Größler, 2000). Hence, the
absence of a consistent standardized terminology is a
critical challenge for the discipline's implementation
and dissemination (Rabin & Brownson, 2012). To the
best of our knowledge, a lack of a comprehensive
overview of guidelines, technical options and successful
past experiences is evident. In this context, the scope
of this paper is to revive the debate about the state of
the art in SD gamification and highlight the need for
structured research to support practitioners in transforming their models into effective learning tools.
Thus, this research poses the following research questions (RQs):
• RQ#1: Which are the literature gaps in SD gamification
that may hinder knowledge accumulation and challenge
practitioners in their attempt to create effective SD-based
learning tools?
• RQ#2: How can these gaps be addressed by offering a
concrete definition of SD gamification and identifying
the major challenges and drivers during the related
process?
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Overall, this effort contributes towards supporting SD
researchers and practitioners, as well as proposing a set
of shared principles to start from. First, a literature overview is performed as scientific background to establish
context and identify existing gaps. Then, we aim to
advance SD gamification through (i) proposing an
original broad definition to facilitate the adoption of a
common language and (ii) developing a conceptual
framework of challenges and drivers for supporting
practitioners' efforts. Finally, recommendations for future
research are provided for improving SD games in terms
of utility and effectiveness.

2 | GAMIFICATION AND S D:
LITERATURE O VERVIEW
2.1 | Gamification domain
The development of mediated or media-based settings for
learning as result of gamification activities has a long
tradition (Djaouti et al., 2011b). In general, the nomenclature ‘serious game’ is used as an overarching category
for referring to concepts (Bente & Breuer, 2010), such as
edutainment, entertainment education, (digital) gamebased learning or e-learning; although these terms are
not synonymous (Michael & Chen, 2006), they are often
used interchangeably (Ratan & Ritterfeld, 2009). Despite
the rather chaotic nomenclature about gamified learning
tools, the gamification motives and benefits are quite
evident. In particular, games can be used as effective
tools for intervention (Mayer et al., 2016) with diverse
purposes: education, (e.g., teaching and training), experimentation (e.g., hypotheses validation and exploration
and behavioural analysis), operations management
(e.g., brainstorming, exploration and planning), policy
development (e.g., public policy) and therapy (e.g., group
or individual therapy) (Garris et al., 2002; Michael &
Chen, 2006; van Daalen et al., 2014). In fact, the
gamification strength lies in exploiting ‘the motivational
“power” of game design’ (Rapp et al., 2019, p. 1), and
thus, ‘fun’ can be the mean through which learning is
conveyed. Hence, players' entertainment is pivotal in any
successful gamification process. Regarding the most
important benefits of gamified efforts compared with traditional learning tools, the improvement of users' engagement (e.g., decrease of boredom in students) (Akkerman
et al., 2009; Gee, 2003) and the learning experience
facilitation (Gee, 2005) constitute indicative examples.
The spectrum of game participants can be quite broad
(e.g., students, researchers and policymakers). At the
same time, all educational attempts can range from board
and card games to immersive virtual environments and
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role play games (Djaouti et al., 2011a; Ratan &
Ritterfeld, 2009), while they can be designed for individual or group learning experiences. In this respect, Lou
et al. (2001) indicate that group learning could have an
added value on learning compared with an individual
setting. In this perspective, the environment (e.g., social
context and dynamics), in which the gamified tool is set,
is of crucial importance for designers to facilitate usage
and not to face resistance (Frank, 2007). Nevertheless,
participants are not necessarily the only ones who are
expected to learn from game implementation; a game can
be also used to investigate specific variables and/or relations among them, explore human behaviour and inquire
systemic behavioural patterns. In these cases, the players
constitute the subjects of the experiment (Shubik, 1972),
whereas the game developers are the learners.

2.2 | SD context and attributes
During the last decades, the attention of the SD community towards gamification has been high. Depending on
the goals and contexts, SD games can be used by
researchers to test and support a policy (van Daalen
et al., 2014), as well as to learn about the decision-making
process and the system in general (Moxnes, 1998). Indicatively, within the behavioural SD field (Lane, 2017),
Barnabè and Davidsen (2019) developed a role-playing
game to collect data on players' behaviour and then built
a model replicating players' actions to analyse their
decision-making heuristics. Notably, SD games are predominantly used as educational tools (Mayer et al., 2016)
for conveying dynamic insights to participants who are
asked to intervene into a system and control the impact
of their decisions (van Daalen et al., 2014). In these cases,
it is possible either to maintain the structure of the system fixed and let the user act only on the values of inputs
and stocks or to let the player affect the decision rules of
the game by modifying the system structure. In any case,
the decisions can be taken once or several times at
each game session. These systems can be a literal representation of reality or a metaphorical simplification
(Meadows, 2001). Metaphorical games are abstract games
suitable for presenting key concepts of a system with
rather minimal detail (Morecroft, 2012; Sweeney &
Meadows, 2010), whereas literal games are usually
combined with real-world case studies (van Daalen
et al., 2014). The repetition of the decision-making process is expected to create a learning experience by investigating the consequences of the decisions (Lane, 1995).
As gaining systemic insights tend to be challenging in
the real world (Lane, 1995; Sterman, 2006), the prospect
of sharing knowledge also to non-SD experts is
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fundamental. SD-gamified learning tools allow players to
get involved, experience the systemic effect of specific
actions and inform their decisions (Saysel, 2017). In addition to the usual co-benefits delivered by gamification per
se, the ones related to these tools, such as improved
players' decision-making skills, have been identified and
discussed in the literature (Lane, 1995; Meadows, 2007;
Qudrat-Ullah, 2010). Indicatively, seminar-based games
allow participants to test, communicate and share ideas,
rendering policymaking processes more interactive
and innovative (Ya, 2010). ‘Stratagem2’ (Sterman &
Meadows, 1985), ‘Beer Game’ (Sterman, 1992), ‘Fish
banks’ (Meadows et al., 1993) and ‘Climate Action Simulation’ (Rooney-Varga et al., 2020) are indicative successful
and famous efforts. Interestingly, the open-ended
city-building video game ‘SimCity’ is another example of
SD gamification, yet for pure entertainment purposes
(Langley & Larsen, 1994; Starr, 1994). Gamified learning
tools can be physical (e.g., boards and cards), virtual
(e.g., computer simulation) or a combination of both (van
Daalen et al., 2014). Simulation may or may not be
involved. When SD-gamified tools are embedded into a
virtual context, they act as enablers of human–computer
interactions (Rapp et al., 2019). Games are either single- or
multi-player (Maier & Größler, 2000), and multi-player
games can be with or without social interactions (van
Daalen et al., 2014). Finally, SD learning tools do not stand
alone, but they are usually anticipated, accompanied and
followed by briefing, facilitation and debriefing (Andersen
et al., 1990; Lane, 1995; Qudrat-Ullah, 2010).

2.3 | Obstacles and gaps in SD
gamification
The different nomenclature utilized by researchers to
describe their work is a key challenge in SD
gamification (Maier & Größler, 2000). In fact, the outputs of SD model gamification have been named in
several different ways, including serious games
(Zeijlemaker et al., 2019) or operational gaming
(Meadows, 2007). Additional confusion arises when
referring to simulators, namely, the user-friendly interfaces, which allow non-expert users to interact easily
with models. SD simulators have been called, among
others: management simulation (Lane, 1995), interactive
learning environments (Alessi, 2000; Davidsen, 2000),
dynamic simulation games (Barlas & Diker, 2000), management flight simulators (Bianchi & Bivona, 2000),
dashboard flight simulators (Porter, 2018), SD-based
interactive games (Andersen et al., 1990), simulation
interfaces (Davies, 2002), SD model-based learning
(Groesser,
2012),
participatory
simulation
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(Groesser, 2012), interactive simulation (van Daalen
et al., 2014), microworlds (Lane, 1995) and simulationbased learning environments (Stave et al., 2015).
Although minor differences exist (e.g., interactive
learning environments are generally more transparent
than flight simulators), all these terms refer to similar
SD gamification outputs. This variability hinders
researchers and practitioners from exploring prior
knowledge.
Moreover, there is an absence of an overview of the
technical options available, as well as of the respective
advantages and disadvantages. Over the years, several
SD-gamified tools have been built, and many of them
have been made available either for free or for sale. In
addition, several environments and software development companies, creating and supporting SD-gamified
tools, have emerged in the market. However, the developed tools are scattered over different platforms, websites
and organizations (public or private), including GitHub,
Isee® Exchange, SD society, MIT Sloan LearningEdge
management flight simulators (Sterman, 2014), BTN®
company repository, Forio® repository and Climate Interactive (Sterman et al., 2015). This situation can become
problematic for practitioners; as an overview of all related
efforts in the literature is lacking, the possibility of replicating, re-gamifying and building upon existing models
decreases considerably.
Similarly, a structured set of detailed principles and
guidelines, describing how SD models could be transformed into gamified tools, is not available; for example,
if a researcher intends to convert their SD model into a
physical (e.g., board) game to provide players with
dynamic insights on a system, there is no specified procedure to follow. It is only possible to attempt to mimic
accessible material and case studies, although the process
of building these games is usually not reported. Scattered
descriptions of challenges, pitfalls and warnings
(Alessi, 2000; Andersen et al., 1990; Davidsen, 2000;
Lane, 1995), which SD game designers should consider
while gamifying their work, constitute the most pertinent
evidence. However, the provided practical advices are
rather outdated compared with software development
and bypassed by the advancements in platforms during
the last years. Only recently, van Daalen et al. (2014) provided an updated aggregate list of gamification choices
that an SD practitioner should focus on while gamifying
their work.
This dearth of inputs on how to gamify an SD model
is of major importance because it may create confusion
in newcomers or non-experts in SD gamification, rendering the development of SD learning tools challenging;
although it might even be relatively easy to build an SD
game, it is often difficult to create an effective and
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successful one (van Daalen et al., 2014). Moreover, the
lack of guidance usually entails high costs in terms of
time and quality. In addition, SD gamification is coming
into the foreground as technological and knowledge
improvements have put gamification within the reach of
a broad range of people. Indicatively, modelling software
has rendered simulators even more accessible (van
Daalen et al., 2014); for instance, the development of
user-friendly interfaces is becoming a common exercise
in SD modelling classes.

3 | TOWARDS A SET O F S HARED
PRINCIPLES
3.1 | A proposed definition for SD
gamification
To the best of our knowledge based on the extant literature, an absence of a comprehensive and accepted definition of SD gamification is evident; thus, we propose
the following embryonic one: ‘SD gamification is the
process of developing and designing media-based or
mediated learning settings to be used as learning tools
based on SD knowledge and formal models’. This definition stems from the existing gamification theory
(Bente & Breuer, 2010), while it is quite broad and
flexible enough to embrace most of the gamification
efforts undertaken by SD practitioners under this
unique definition-umbrella.
With respect to the SD gamification process output,
the learning tools deriving from gamification processes
are usually generically named as ‘simulation games’ (van
Daalen et al., 2014). However, ‘simulation’ and ‘games’
are considered as two distinct concepts (Lane, 1995).
Although these terms are frequently mentioned interchangeably or in combination with each other, their use
is rather inconsistent (Lane, 1995) and contributes to
increasing confusion about SD taxonomy (Maier &
Größler, 2000). Lane (1995) distinguishes simulations
and games based on the level of (i) the user's intervention
on the item (‘A game is deemed to be a collection of
information and relationships in rules, algebra and logic
made visible to an observer, and presenting data to and
requiring information from an observer/participant. A
simulation, on the other hand, is simply a collection of
information and relationships in rules, algebra and logic
made visible to an observer’, p. 605); or (ii) the verisimilitude with the real world (‘A “simulation” is a specified
sequence of verisimilitudinous activities designed to convey
lessons to the participants on the properties of a real-world
situation. A “game” is then defined as a specified sequence
of activities designed to convey benefits to the players’,
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p. 606). On the other hand, Maier and Größler (2000,
p. 145), in their classification of learning-oriented computer simulations, distinguish simulators and games
based on the number of users (i.e., single-user applications are defined as ‘simulators’, whereas multi-user
applications are labelled as ‘planning games’). In general,
Lane's (1995) conceptualization seems to be preferred as
it is in line with the broader concept of the gamification
community (Elgood, 1988) and it has been already used
in SD practice (Meadows, 2001).
Therefore, in terms of the user's intervention, a
game requires an increased interaction by the player
compared with a simulation that offers users a limited
possibility to interact and renders a model mainly
accessible to the observer (Elgood, 1988). Regarding the
verisimilitude with the real world, a simulation aims to
provide an as realistic as possible representation of the
system under study compared with a game that primarily tries to convey policy benefits to the players
(Elgood, 1988). These two aspects constitute key dimensions to elicit the difference between the concepts of
simulation and game. As Lane (1995) and van Daalen
et al. (2014) suggest, a metaphor of a continuum with
two extremes is probably the most convenient and
effective way to frame the SD gamification output.
Accordingly, we suggest that the SD gamification output may be regarded as an overarching category lying
in the spectrum between these two extremes with their
own characteristics (Figure 1). The usual SD model can
be considered as a simulation in which the user can
only ‘play’ with few buttons (e.g., start and stop). In
contrast, games are much more interactive user experiences based on SD knowledge and models (e.g., Beer
Game). In between, it is possible to place simulators:
SD models with user-friendly interfaces within which
players can manipulate a considerable number of
parameters' values and control the impact of their
actions on the system.

FIGURE 1

3.2 | A framework to rationalize SD
gamification challenges and drivers
The existing literature highlights several issues that practitioners might need to deal with when transforming
their SD models into games. Unfortunately, as
highlighted, these lessons are scattered (Andersen
et al., 1990; Lane, 1995; van Daalen et al., 2014) and not
necessarily categorized. To this end, we propose an
updated rationalization of the major challenges and
drivers, along with their mutual interrelations, during an
SD gamification effort (Figure 2). The proposed framework is expected to support practitioners in embarking
an SD gamification project by capturing and analysing
the key aspects to be considered.
The challenges' rationalization aims, firstly, to
identify the SD gamification's meta-areas of action and,
secondly, to provide an indication of critical points before
deploying a gamification effort. Overall, SD practitioners
are expected to face a triple helix of interrelated
challenges, namely, theoretical, operational and managerial ones (Figure 2, internal circle), when they attempt to
gamify their work. In detail, we suggest that theoretical
challenges involve the decisions about the cognitive theories to follow, the underlying SD model content and the
analysis of the target audience and their expectations.
Specifically, a crucial theoretical challenge includes the
definition of the inference mechanisms that the game
triggers to produce learning. Typically, in gamification,
deductive and abductive inferences are considered as
intertwined. Abduction is an inference that goes from the
observation of a behaviour to the hypothesis of a
principle that explains the observed fact (Burks, 1946;
Fann, 1970). When building a game, it is important to
specify how users, by looking at the model behaviour,
enact an abductive reasoning that produces hypotheses
about the structure of the underlying causal mechanism
generating the observed behaviour. In contrast,

System dynamics (SD) gamification concept [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 2 Framework of interconnected
challenges and drivers in system dynamics
(SD) gamification [Colour figure can be viewed
at wileyonlinelibrary.com]

deduction shifts from the specification of a set of mechanisms or processes and explores the unfolding consequences of such specifications. In this respect, users need
to employ deductive reasoning to verify the consequences
of their theorizing; if their theory about the underpinning
mechanism is true, by setting specific calibrations of
parameters and simulating the gamified model, users
should obtain the expected results. However, if simulations do not produce the expected behaviour, the deductive inference falsifies the accepted theory and triggers a
new round of abductive reasoning. The structure of this
interplay between abduction and deduction, which forces
users to explain any ‘surprise behavior’ (Mass &
Sterman, 1991, p. 68) and rationalize cognitive dissonance, is the key generating mechanism of game-based
learning.
In addition, operational challenges refer to the selection of the technical process of SD game development
and the anticipated output; the decisions regarding the
SD game's type (e.g., board game, role-play game and
simulator) and format (e.g., virtual or physical, group or
individual) are examples of operational challenges.
Managerial challenges are associated with issues related
to the management of complex SD gamification processes. In practice, the related decisions refer to the
proper evaluation and administration of the available
resources (e.g., financial, staff, knowledge and time constraints). In this respect, gamification might be a costly
and time-consuming procedure, which requires a wider

range of resources compared with the development of the
respective SD simulation model only. Beyond the conceptualizations, we argue that all three challenges are interconnected. The game type that a practitioner desires to
obtain (operational challenge) should be selected and
assessed based on the theoretical objectives and managerial considerations. In addition, the available resources
(managerial challenge) define the range of feasible
theoretical goals and operational options. Finally,
theoretical objectives without operational and managerial
support are considered as impracticable.
However, the challenges, rather than being mechanistically defined, are shaped and steered by the SD
gamification drivers: goal, context and entertainment
(Figure 2, external circle). These drivers capitalize on the
lesson gained within the broader gamification theory
(Frank, 2007). Goal refers to the ultimate scope of the
gamification project. Context indicates the social group,
by which the tool is expected to be used, that determines
the standards of the SD gamification efforts
(e.g., language to be used). Entertainment highlights that
any gamification process is indivisible from the ‘fun’
experience delivered to the players in addition to the
underlying goal. Grounding on the study of
Winnicott (1971, p. 1), simulation games are comparable
to ‘transitional objects’ (e.g., toys) through which users
(e.g., children) learn to interpret the discrepancy between
their own symbolic representations and the real world. In
a similar way to the challenges, the drivers seem to
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influence each other, forming a triple helix. More specifically, the goal should take into consideration the sort of
users/players of the SD game, further creating an entertaining experience. The type and level of entertainment,
in turn, must be calibrated based on the audience (context) and the underlying goal of the gamification project.
Finally, the context's suitability must be assessed based
on the desired goal and of the related entertainment
experience.

4 | D I S C U S S I O N A N D FU T U R E
RESEARCH
Besides developing an adequate and accepted nomenclature, the necessity of further studies and practical guidelines in the SD gamification field has been already raised
by previous researchers. Andersen et al. (1990) recognize
the difficulty in finding general guidelines on how to
build interfaces out of SD models. Similarly, van Daalen
et al. (2014), beyond the theoretical research on the effectiveness of the process, call for more studies in the field.
Not only does Lane (1995) highlight the lack of practical
indications, but he also goes further in defining two possible scenarios for the SD gamification discipline, one in
which research issues exist (leading to a decline in the
use of SD gamified tools) and another in which they have
been avoided (paving the way for thriving SD gamified
tools). In this context, this research constitutes a first
effort towards identifying the aforementioned gaps, further proposing a research agenda for incorporating
gamification into the SD field.
In this direction, we further suggest that upcoming
research should be part of a structured effort by the SD
community to render gamification as an organic and
coherent branch of the SD field. Thus, we propose that
future efforts should be driven towards three main
directions:
1. Establishing gamification as an SD branch. The
SD approach should be integrated with the broad
gamification theory (Crookall, 2010) that is currently
available (e.g., gamification ethics, games' design
principles, human–computer interactions and games'
facilitation), as occurred for group dynamics and facilitation theories within group model building (GMB)
(Vennix, 1996). For example, human–computer interaction lessons (Rapp et al., 2019) could provide
support to the construction of SD-gamified virtual
environments without depending exclusively on the
modelers' personal preferences (Deterding, 2019). In
addition, attention should be paid to the aspects of
serious games' facilitation, which appears to be a
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crucial factor for meaningful insights during a
gamified session (Bakhanova et al., 2020; RooneyVarga et al., 2020). Overall, technological conquests,
such as the reduced size of computers, along with
their increased power and usability, contributed to the
GMB popularity. This context made computer-based
meetings (i.e., computer-assisted ‘Group Decision Support Systems’, Eden, 1992, p. 199), and then GMB sessions, easier and feasible. Similarly, technology has
also rendered gamification more accessible and understandable, allowing system dynamicists to develop different types of gamified learning tools based on their
SD models. In general, we envision the evolution and
maturation of SD gamification similarly to what
happened for GMB, which evolved from an unstructured discipline to a recognized SD domain (Gerrits &
Vaandrager, 2018; Vennix, 1996) with its own shared
set of ‘pillars’ (i.e., established definition, methods,
guidelines and repository of scripts to be used). In this
vein, SD practitioners could also obtain fruitful lesson
from gamification progresses occurring in other
operational research disciplines, such as discrete-event
simulation (Padilla et al., 2016) and agent-based
modelling (Mac Namee, 2009).
2. Developing an SD gamification guidelines' platform. GMB ended up to define small groupgenerated ‘scripts’ (Andersen & Richardson, 1997,
p. 107), a list of best practices to be used in the
GMB workshops collected and shared with the public through the ‘Scriptapedia’ platform (Hovmand
et al., 2011) and a set of roles and skills ideally
needed to carry a GMB intervention (Richardson &
Andersen, 1995). SD gamification could also benefit
from a similar platform including a collection of
best practices and/or strategies and a set of skills
needed before deploying a gamification process.
Specifically, all potential types of SD-based learning
tools should be systematically categorized. The
strengths and weaknesses of each type, along with
a list of successful case studies, should be reported.
In this respect, practical guidelines and principles
should be elaborated for supporting SD gamification
processes. In more detail, a body of technical
solutions on how to code SD models into specific
platforms and devices' languages could increase
quality standards and speed up the development
process, preventing practitioners from ‘re-creating’
approaches and techniques that have already been
developed, tested and validated. Lessons on how to
translate a particular SD structure in a piece of a
board game or how to code SD equations or delta
times in specific languages (e.g., Java and PHP) are
indicative examples.
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3. Creating an updated SD games' repository. A comprehensive and reliable repository of the generated
SD-based learning tools (both physical and virtual,
either for free or for sale) should be developed to be
available in public. This repository is expected to facilitate practitioners' effort, enhance the usability of
developed SD-based learning tools, support companies
that gamify SD models and fill in the gap between
offer and demand. Thus, future practitioners could
receive inspiration, directly use or purchase them.
Therefore, the repository should be updated over time
to allow the accumulation of knowledge and avoid
outdatedness, which could hinder its usefulness. The
benefits of improved recognition and reputation could
act as incentives for companies and individuals to
share their work in the repository. Indicatively, we
envision a repository similar to the ‘CoMSES’ open
platform (CoMSES, 2021); for more than a decade,
it successfully collects and updates resources on
agent-based modelling, including gamification
attempts (Janssen et al., 2008). Notably, as the SD
Society has already available online repositories of
modelling efforts (SD Society, 2021a) and utilities
(SD Society, 2021b), expanding their scope to gamified
tools could be essential.

5 | C ON C L U S I ON S
The aim of this paper is to highlight the blind spots in SD
gamification literature and to raise awareness among the
SD researchers and practitioners of recurring pitfalls that
occur during the SD gamification procedure. As outlined,
the lack of theoretical and practical indications on how
to perform SD gamification efforts and the massive
variability in the taxonomy used in previous research
efforts could impede the accumulation of knowledge and
render the gamification process time-consuming and
costly. In response to these issues, we (i) proposed a
broad embryonic definition of SD gamification that could
serve as an umbrella to contain and a label to describe
future gamification efforts effectively and (ii) developed a
framework rationalizing the nexus of challenges (theoretical, operational and managerial) and drivers (goal,
entertainment and context) that could guide practitioners
in their SD gamification processes. These principles are
expected to act as a shared starting point and stimulus
for gamification researchers, contributing to the body of
knowledge on what SD gamification is and how to
gamify an SD model.
Generally, the SD community should work towards
‘adding more science to the craft’ as it occurred for GMB
over the years (similarly to what Andersen et al., 1997,
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p. 187, claimed for GMB). Thus, we further discussed a
list of directions that SD practitioners should focus on
(e.g., integration with the broader gamification domain,
list of best practices on ‘how to…’ perform SD
gamification operations and repository with all successful
cases and tools). As other simulation modelling methods
and participatory techniques are at a mature stage in
establishing gamification as a recognized domain
(Bakhanova et al., 2020; den Haan et al., 2020), transdisciplinary future research could explore shared lessons
and possibilities for integrating SD and gamification
to trigger new synergies. In conclusion, this work
builds upon scattered literature explanatory efforts
(Alessi, 2000; Andersen et al., 1990; Lane, 1995; van
Daalen et al., 2014) to urge SD researchers to take actions
that could render SD gamification as a well-structured
and recognized branch of the SD domain. Given the rapid
technological advancements that increase the number of
possible gamification options and raise the interest in
games (e.g., virtual or physical, for learning or research
purposes), establishing the SD gamification discipline
emerges as a critical methodological challenge. Indicatively, a robust SD gamification domain could inform
better the development of behavioural SD within which
researchers broadly use gamified tools (e.g., Barnabè &
Davidsen, 2019), creating fruitful interactions between
different SD streams of research. To be best prepared, it
is imperative to structure all past experiences in a new
organic way. When focusing on SD gamification, today
more than ever, it appears as crucial that the SD
community should work to prevent practitioners from
‘reinventing the wheel’ through providing them with the
appropriate conditions to learn in a systematic way.
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