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Abstract: This study aims to explore and discuss the role of systems thinking and system dynamics-
assisted games in enhancing critical thinking skills in learners. In more detail, the study relies on
the use of a system dynamics-based interactive learning environment related to project management
issues, followed by systems thinking-supported debriefing sessions. The interactive learning envi-
ronment was developed and used in the form of a single-player, online, computer-based game. The
game was designed to mimic all the necessary planning and operational activities needed to organize
a wedding ceremony. The acquisition of critical thinking skills in learners was evaluated in three
main ways: (1) players’ performances were analyzed through a scoring system embedded in the
game that considers several performance dimensions; (2) feedback from the players was collected
and analyzed by using basic content analysis; (3) players’ performances were analyzed using five
main categories of structures that are typical of project management domains, i.e., project features,
the rework cycle, project control, ripple effects, and knock-on effects. The findings show that the joint
use of system dynamics and systems thinking tools and principles within a gaming environment has
the potential to facilitate and enhance the acquisition of critical thinking skills in learners and may
also provide valid support for educators and practitioners interested in the enhancement of project
management skills.

Keywords: critical thinking; system dynamics; systems thinking; interactive learning environment;
project management; game

1. Introduction

For decades, the relevant literature has emphasized the important role played by
critical thinking skills in decision-making processes. Originally a term coined by John
Dewey [1] to denote an educational goal and seen as a scientific attitude or state of mind,
the concept of critical thinking has been subsequently molded and used by scholars from
various disciplines, such as cognitive psychology and philosophy [2–4].

One of the most comprehensive definitions was given by Michael Scriven and Richard
Paul [5]; according to these scholars, “Critical thinking is the intellectually disciplined
process of actively and skillfully conceptualizing, applying, analyzing, synthesizing, and/or
evaluating information gathered from, or generated by, observation, experience, reflection,
reasoning, or communication, as a guide to belief and action”.

At present, critical thinking is seen as a fundamental educational goal for teaching
and training programs that are increasingly required to teach, transfer, and enhance critical
thinking-related skills in learners (e.g., [6]). More specifically, among the main categories of
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skills frequently mentioned by the relevant literature, educational programs are currently
asked to enhance the following abilities in learners [7]:

• Analyze and account for one’s own biases in judgment and experience;
• Break down a problem into its parts to expose its underlying logic and assumptions;
• Gather and evaluate pertinent evidence from one’s own observations and experimen-

tation or outside sources;
• Modify and reevaluate one’s own thinking in light of what has been learned;
• Form a reasoned assessment to propose a solution to a problem or a more accurate

understanding of the topic at hand.

Notably, the relevant literature (e.g., Kolb, and Hamilton and Klebba [8,9]) has empha-
sized that the acquisition and the development of critical thinking skills are particularly
facilitated when the learners can develop skills through a process where personal experi-
ence and experiential learning play a relevant role and where interaction is facilitated.

Whereas previous studies have already underlined that several tools and methods
(e.g., [2,10,11]) can be used to ensure the aforementioned conditions, calls for more research
in the field (e.g., Cicchino [12], McDonald [13], and Efendi [14]) have also explicitly pointed
to the potential of gaming and simulation tools. In this regard, it is noteworthy that it has
been already demonstrated that various forms of games can be used effectively in man-
agement education and training programs, as exemplified by the work of Salas et al. [15].
Such games may include a variety of typologies, spanning from traditional board games
to more technologically advanced simulation models, and even comprehensive computer
management flight simulators [16–18].

Within this context, one typology of tool that is increasingly used in education and
training is that of the “interactive learning environment” (hereafter ILE). As its name
suggests (see Atkinson and Renkl [19] for a more detailed definition), an ILE is a computer-
based environment aimed at facilitating the interaction between a model (in this case, a
system dynamics computer-based simulation model) and a user/player (i.e., a learner)
with the final goal of enhancing knowledge acquisition [20].

Ensuring risk-free and safe settings where the players engage with the underlying
model and the game as well as with one other [21], ILEs facilitate the analysis of complex
business issues, the creation of shared policies, the testing of mental models, an improve-
ment in sense making and reframing, and last but not least, the acceleration of knowledge
creation and knowledge sharing (e.g., [22–25]). In addition, ILEs have the potential to sup-
port decision making and the generation of policy insights while letting participants enjoy
themselves and participate fully in the process [26–28]. In this regard, ILEs may also provide
powerful tools to analyze behavioral factors related to decision-making processes [29–33].

The ILE presented in this study is a system dynamics-based [28–32] one, i.e., an interactive
game developed on the basis of the methodology theorized by Jay Forrester [34,35], that is
particularly well suited to represent, simulate, and analyze complex and dynamic domains.

With this said and for all the reasons above, this study specifically aims to investigate
if and how SD-based ILEs can enhance critical thinking skills in learners, with specific
regard to the project management field.

From a methodological point of view and to address the research question mentioned
above, this paper relies on the experience gained from an Erasmus+ KA2 project (named
the “Project Management Board game”, hereafter PMBoG) aimed at developing an SD-
based ILE and using it for teaching purposes in the field of project management (PM).
The paper will present the main features and some results from a simulation session.
The acquisition of critical thinking skills in learners was assessed in three main ways:
(1) Players’ performances were analyzed through a scoring system embedded in the game
that took into account several performance dimensions. (2) Feedback from the players was
collected and analyzed. In detail, players were interviewed and required to describe their
learning experience, the strategies they used during the game, and the perceived learning
points of their learning experience. Players’ feedback was subsequently investigated using
basic content analysis. (3) Players’ performances were analyzed using the five categories
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of structures identified by Lyneis and Ford [36] that are typical of project management
domains, i.e., project features, the rework cycle, project control, ripple effects, and knock-
on effects.

Preliminary results and findings show that SD-based ILEs have the potential to fa-
cilitate and enhance critical thinking skills acquisition in learners and may also provide
valid support for educators and practitioners interested in the enhancement of project
management skills in learners.

This study is structured as follows: Section 2 provides a brief literature review of the
concept of critical thinking, specifically describing the main categories of critical thinking-
related skills and abilities and the tools that can be used to enhance them in learners.
In this context, the article subsequently describes the main characteristics of interactive
learning environments, briefly discussing how and why they could be used to enhance
critical thinking skills—in the case of this research, when applied to analyze issues and
options in the field of project management. Section 3 presents the research design and
the ILE developed for the PMBoG project, particularly describing its aims, structure, and
functionalities. Section 4 reports some of the results. Section 5 provides the discussion
and highlights some insights stemming from the PMBoG project. The conclusion, the
limitations, and some ideas for further research conclude this article.

2. A Brief Literature Review and the Theoretical Framework
2.1. The Concept of Critical Thinking

For a long time, the relevant literature has emphasized that critical thinking is progres-
sively emerging as a fundamental cognitive skill that decision-makers should have—or
learn—and practice, as well emphasized by Dewey [1].

As mentioned in the introductory section of this article recalling seminal works and
definitions such as the one given by Scriven and Paul [5], critical thinking can be defined
as the ability that enables people to analyze, assess, synthesize, and use information in a
systematic and objective way. In broad terms, this concept entails being able to use a range
of mental processes, such as analysis, inference, evaluation, interpretation, explanation,
and self-regulation, with the ultimate goal of supporting decision making, i.e., to arrive at
well-reasoned and informed judgments about complex issues and problems [37,38]. The
six attributes mentioned above can be further described as follows:

1. Analysis involves breaking down complex information into smaller parts, identifying
patterns, and evaluating evidence to make a reasoned judgment.

2. Evaluation involves assessing the credibility and relevance of information, evaluating
arguments, and determining the strengths and weaknesses of different viewpoints.

3. Inference involves drawing conclusions based on available evidence and making
predictions about future events based on past experiences and patterns.

4. Interpretation involves understanding the meaning of information, analyzing its
significance, and applying it to new situations.

5. Explanation entails communicating complex ideas or concepts clearly and concisely,
using appropriate evidence and reasoning to support arguments.

6. Self-regulation involves monitoring one’s own thinking and behavior, recognizing biases
and assumptions, and adjusting one’s approach based on feedback and new information.

The previous literature has emphasized that critical thinking is a vital skill for all individ-
uals, as it allows them to think critically and creatively about the world around them, make
informed decisions, and solve complex problems effectively (e.g., [39]). Specifically, previous
research in the educational field has pointed at various tools as ways of facilitating or enhanc-
ing the acquisition of critical thinking skills, as shown by Behar-Horenstein and Niu [40] and
by Alsaleh [41].

From an assessment point of view, previous research also emphasized that the acquisi-
tion of critical thinking skills may be evaluated with the use of various methods and tools,
such as the following.
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(a) Standardized tests, such as the California Critical Thinking Skills Test (CCTST) and
the Watson–Glaser Critical Thinking Appraisal: these tests are used to evaluate skills
such as analysis, inference, evaluation, and deductive reasoning—as discussed in
Bernard et al. [42]—and have been already employed in several studies, such as in the
work by Alkharusi [43] focused on university students.

(b) Portfolios can be used to collect and evaluate students’ work over time. This method
provides a more comprehensive view of students’ critical thinking skills development
as it captures evidence of their progress and growth over an extended period, as
demonstrated by the work of Coleman et al. [44] that focuses on students active in the
social work education domain.

(c) Peer and self-assessment: as also discussed by Siles-González and Solano-Ruiz [45],
peer and self-assessment can be effective methods for assessing critical thinking skills
as they encourage students to reflect on their own thinking and provide feedback to
their peers.

(d) Observation and performance tasks: Observing students while they engage in tasks
that require critical thinking can provide valuable information on their skills. Perfor-
mance tasks can be different and include activities such as writing essays or analyzing
arguments, which can be assessed using rubrics or scoring methods, as Kankaraš and
Suarez-Alvarez emphasize [46].

(e) Interviews can be used to assess critical thinking skills by directly asking students to
reflect on their thinking processes and reasoning, as demonstrated in the study by
Jaffe et al. [47]. This method provides insights into how students approach problems,
make decisions, and evaluate arguments, and allows individually eliciting information
about the perceived acquisition of critical skills, as also discussed in Tiwari et al. [48].

(f) Classroom-based assessments can include a variety of methods such as questioning
techniques, class discussions, and simulations. These methods provide opportuni-
ties for students to demonstrate their critical thinking skills in a classroom setting
(e.g., Zepeda [49]).

Whereas each of the methods mentioned above—or a combination of them—can be
used to assess critical thinking skills acquisition effectively, eventually, it is essential to
choose methods that align with the learning objectives and the contexts and problems
under analysis. In detail, calls for research are provided by the extant literature (such
as in the work by Cicchino [12], McDonald [13], and Efendi [14]) with specific regard to
the use of interactive games in class, with the specific aim of fostering the acquisition of
critical thinking skills. Notably, the employment of systems thinking and system dynamics
as the underlying methodologies able to assist the design and use of such games and,
subsequently, favor the acquisition of critical thinking skills is something that has been
long advocated, starting from the well-known work by Richmond [50]. In this regard, this
study focuses on the use of SD-based ILEs in the field of project management, as discussed
in the following sections.

2.2. The Use of SD-Based Games and ILEs to Enhance Critical Thinking

Games have been used for centuries as a tool for entertainment, social interaction, and
learning [17,18,51–53].

Considering this study, it is noteworthy that games may also offer some strengths
when used to enhance critical thinking (as shown by Cicchino, [12]), as follows.

Firstly, games require players to solve problems in real time. Players are required to
make quick decisions based on available information, identify patterns, and anticipate the
outcomes of their actions. These skills are vital in everyday life as they help individuals
make informed decisions, avoid risky behaviors, and solve complex problems [54].

Secondly, games provide an opportunity for players to test their hypotheses, mental
models, and theories [55]. Players can experiment with different strategies and tactics and
analyze the outcomes of their decisions. This process of experimentation helps players
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develop a better understanding of how the world works and improve their decision-making
skills.

Thirdly, games can help learners acquire a general knowledge about the decision-
making environment they are challenged with, thereby going beyond the specific decisions
they are called upon to make [56].

Finally, games promote collaboration and teamwork. Quite commonly, games require
players to work together to achieve a common goal. This requires effective communication,
collaboration, and a willingness to share ideas and information. These skills are essential in
today’s workplace, where teamwork is a crucial aspect of an organization’s success [52].

Overall, games offer a fun and engaging way to enhance learning in and about complex
issues and domains, since they provide an opportunity for players to practice decision
making, problem solving, and collaboration in a safe and controlled environment. As a
result, games can also be an effective tool for promoting critical thinking skills in individuals
of all ages.

As already mentioned, critical thinking refers to the ability to analyze, evaluate, and
synthesize information to make informed decisions. In this context, games can effectively
promote critical thinking skills by engaging players in a series of challenges that require
them to think creatively and strategically, experiencing first-hand the results, the impacts,
the consequences, and also the side effects of their decisions and actions.

Notably, SD-based games have proved their effectiveness for a long time and are
increasingly used in education and training programs (e.g., [16,24,26,28,57]).

As known and theorized by Jay Forrester [34,35], system dynamics is a methodology
that focuses on understanding the behavior of complex systems, using computer-based
models to simulate and analyze the interactions between various components of the system
under investigation. At the core of SD, there are four key concepts that are also fundamental
to addressing critical thinking-related matters [35,58,59]:

• Systems are considered as a whole;
• Emphasis is placed on the internal structure of the system as the cause of its dy-

namic behavior;
• Rather than considering relationships in a model as being linear for the sake of sim-

plicity, emphasis is placed on the non-linear character of many relationships;
• Process delays (e.g., information delays) in social systems are considered important.

Several tools can be used when developing an SD-based game, such as causal maps
(e.g., causal loop diagrams and stock and flow diagrams), quantitative simulation models,
and interactive learning environments (ILEs).

This study employs an SD-based ILE that is about project management, a context that
offers various characteristics that would favor the use of SD-based models and simulators
for training and educational purposes.

2.3. System Dynamics, Critical Thinking, and the Field of Project Management

The field of project management may benefit greatly from the use of system dynamics
principles and tools to enhance critical thinking skills in learners (e.g., [36,59–63]).

Overall, it is relevant to emphasize what a project is and which are the key distinctive
skills that project managers should have and apply in managing a project management
intervention. In broad terms, a project can be considered as a series of activities and tasks
(performed in parallel or in series) that [64]:

• Have a specific objective (scope) to be completed within certain specifications (requirements);
• Have defined start and end dates;
• Have funding limits;
• Consume and/or utilize resources.

Projects are overall challenging to plan and manage, even when various forms of
control are used simultaneously [65], and critically depend on project conditions and the
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ability of project managers to properly plan, execute, and control all the various tasks and
activities associated with them [66].

With specific regard to this study, it is also to underline that typically project conditions
and performance may evolve over time, quite frequently because of feedback responses
(some of them involving nonlinear relationships), time delays, and accumulations of project
progress and resources. Interestingly, these factors may also generate side effects and
adverse dynamics—with a few of them that have been well identified and explained by the
relevant literature (see Sterman [59] for several examples of side effects)—or even induce
the failure of the project (as discussed by Pinto and Mantel [67] or by Al-Ahmad et al. [68]).

With this said, in this work, we advocate relying on SD and, more in detail, on
SD-based ILEs for PM, in consideration of several reasons.

First, with projects growing in complexity, there has been a corresponding rise in the
requirement for approaches capable of handling this complexity. This is true for all projects,
even the largest ones [59].

Second, SD helps project managers “represent” their work, making it clear which tasks need
to be finished in what order across time (see, for example, the work by Lyneis and Ford [36]).

Third, SD offers the tools to strategically support project managers throughout all the
different phases of their projects, from the design to the implementation (as discussed in
Lyneis et al. [69]). In this context, various SD tools can also help discover the side effects of
the actions being carried out and the challenges that project managers might be called on
to face (e.g., [70]).

Additionally, SD is suitable to improve the understanding of what a project will entail,
in terms of resources (e.g., financial resources, human resources, and time) needed for its
completion (e.g., [61,62]).

Last, SD may facilitate the understanding of clients’ and stakeholders’ needs through-
out the whole project lifecycle (as well emphasized by Rodrigues and Williams [71]).

As the underlying point of reference for this study and about the use of SD in the field
of PM, the model and the ILE presented in the following sections were developed to take
into account the five categories of structures that Lyneis and Ford [36] identified to describe
project management domains and decision making in such contexts, i.e.: (a) project features;
(b) the rework cycle; (c) project control; (d) ripple effects; and (e) knock-on effects. All these
structures are represented in Figure 1.

The first category is “project features”. As mentioned by Lyneis and Ford [36] (p. 159),
“Projects almost always consist of a collection of tasks that are performed in parallel and
in series. Therefore, a principal feature of all system dynamics project models is the
representation of development tasks or work packages as they flow through a project”.
“Project features” are considered by listing and accounting for the development tasks
required to carry out the project. From a modelling standpoint, development tasks are
represented as a stock of tasks to be carried out that flow into the stocks of tasks carried out
as soon as they have been completed due to the actions carried out by the decision-makers
by using the resources at their disposal.

A “rework cycle” is often associated with this first structure. Errors are usually
considered the cause underlying this structure since, if not discovered in time, they will
generate rework discovery that feeds back into the stock of tasks to be carried out, thereby
requiring more effort and new resources.

The third category of structure is related to controlling feedback. This entails performing
“project control”. This step requires modeling the controlling feedback loops through which
management attempts to close gaps between project performance and targets (on time, on
budget, and with the desired quality and specifications). Two main methods are usually
considered and modelled in this regard: project managers may move project behavior closer
to targets (e.g., work overtime) or move targets toward project behavior (e.g., push forward a
deadline). Notably, both methods imply costs (monetary and other types).
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Projects are also characterized by side effects and unintended consequences [59] of
the actions carried out. Two additional categories of structures are used to model such
unintended effects.

The so-called “ripple effects” are the primary side effects of well-intentioned project
control efforts (e.g., policy resistance). These effects typically reduce productivity or quality
(by increasing the error fraction of rework).

Additionally, the so-called “knock-on effects” are effects that may be caused by pro-
cesses that produce excessive or detrimental concurrence or human factors that amplify the
negative effects via channels such as morale.

With this said, whereas the previous literature has already provided good examples of
how SD maps and models can be effectively used to analyze project management-related
operational and decision-making contexts (e.g., [59,61–63,71]), further research is needed
in the field of SD-based ILEs, specifically when these tools are used in educational and
training programs to enhance critical thinking skills.

To this aim, the next section is devoted to presenting our research design and the main
features of the SD-based PMBoG ILE.

3. Research Design and a Presentation of the SD-Based PMBoG Game
3.1. Research Design: Overview

This study relies on the experience gained by the authors developing an Erasmus+
KA2 project named “Project Management Board Game” (PMBoG).

The PMBoG project entailed the participation of various partners with the final aim
of developing both a board game and a computer-based game. The two games are meant
to be used with numerous categories of learners (e.g., bachelor students, MBA students,
doctoral students, adult learners, etc.) in education programs about project management
issues and competencies. This article refers exclusively to the stages that involved the
authors in developing the SD model during the project and subsequently testing the SD
ILE-based game in class.
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The SD model and the ILE were developed relying on the tools provided by the
software package Stella Architect. The SD computer model is at the core of the simulator,
while a detailed and interactive graphical interface facilitates the users’ interactive gaming
and learning experience.

The ILE-based PMBoG game can be described as:

• Online: the PMBoG ILE is available online at the following address: https://exchange.
iseesystems.com/public/barnaf/pmbog-ile/index.html#page1 accessed on 13 Novem-
ber 2023;

• Single-player: the PMBoG ILE allows for one user at a time to play the game;
• Symmetric: any player accessing the PMBoG ILE will have a set of decision-making

levers at their disposal that are equal for all the users;
• Competitive: the PMBoG ILE stimulates users to perform, that is to say, complete all

the tasks successfully and with the highest score possible.

The overall task assigned to players is that of organizing a wedding ceremony and
carrying out all the needed activities, on time, with the budget at their disposal, and
according to the requirements they are informed about at the beginning of the simulation.

In more detail, over a time horizon of a few months, the player—acting in the game as
the wedding planner—is required to satisfy all the needs of a given wedding couple. To this
aim, the wedding planner is required to complete six main typologies of tasks (i.e., choosing
a restaurant, location, dress, announcements, rings, and photographer) within the deadlines
of a specific schedule, based on the available budget, and according to the specific couple’s
requirements. The final score of the game depends on the ability of the user to reach all the
goals mentioned above, e.g., completing the tasks and fulfilling the couple’s requirements.

Adopting the categories of possible choices to be used in game design as described by
Van Daalen, Schaffernicht and Mayer [72], we can additionally emphasize what follows for
the PMBoG ILE (see Table 1).

Table 1. Choices in the PMBoG game design.

Choice PMBoG ILE

1 Purpose Manage a project by making decisions, planning activities, carrying out actions,
measuring results, and learning.

2 Insights obtained Context-specific competencies (in the field of PM) and systems thinking skills
(generally transferrable).

3 Plot Planning of a wedding ceremony.
4 Player(s) Various categories of learners.
5 Role(s) Wedding planner.

6 Objective in-game/incentive Complete all the tasks on time, with the budget at the user’s disposal, and
fulfilling all the requests.Subsequently, the highest score possible.

7 Rules Budget constraints; time constraints; and capacity constraints.
8 Representation of physical system Fictitious, computer-based in the form of an ILE.

9 Representation of
inter-actor environment Not present (single-player online game).

The ILE was used in exploratory tests with various categories of learners. In this study,
we report the results and the insights gathered during a simulation session that involved
six participants. The players were doctoral students with a major in accounting and rather
generic prior knowledge in the field of project management. The choice of doctoral students
as the main category of learners is motivated by the relevant literature, specifically when
active learning approaches are employed (for example, see the work by Schaller et al. [73]).

Players’ performance and the subsequent acquisition of critical thinking skills were
preliminary evaluated in three ways, as follows.

First, players’ performances were analyzed through a scoring system embedded in the
game that considers several performance dimensions. As mentioned in the second section
of this article and as highlighted by other studies (e.g., [46]), scoring systems may be useful

https://exchange.iseesystems.com/public/barnaf/pmbog-ile/index.html#page1
https://exchange.iseesystems.com/public/barnaf/pmbog-ile/index.html#page1
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to evaluate whether and to what extent participants make use of critical thinking skills to
complete the tasks they are assigned. Full details about the scoring system used in this
research and embedded in the game are provided subsequently in the paper.

Second, feedback from the players was collected and analyzed. In detail, players
were interviewed and required to describe their learning experience, the strategies they
used during the game, and the perceived learning points of their experiences. As we
mentioned and demonstrated by other studies (e.g., Jaffe et al. [47]), interviews may
provide insights into how students approach problems, make decisions, and evaluate
arguments. Players’ feedback was subsequently investigated using basic content analysis
principles (as explained by Krippendorf [74]) to understand if the SD-based ILE helped
acquire and develop critical thinking skills in the peculiar context under analysis, i.e., a PM-
related domain. Notably, interviews also allow individually eliciting information about the
perceived acquisition of critical skills (e.g., Tiwari et al. [48]). Third, players’ performances
were analyzed using the five categories of structures identified by Lyneis and Ford [36] to
describe project management domains and decision making in such contexts, i.e.: (a) project
features; (b) the rework cycle; (c) project control; (d) ripple effects; and (e) knock-on effects.

Overall, by requiring students to actively build upon their prior knowledge, the research
design we just discussed is also consistent with the use of qualitative research methodologies
to analyze learning directly in the classroom, as it is emphasized in Novak and Gowin [75].

More details about the choices for the research design employed in this study are
provided below.

3.2. An Overview of the PMBoG SD-Based Model and ILE

According to Sterman [59], an SD intervention is usually structured as follows:

• Articulate the problem that needs to be addressed;
• Formulate a dynamic hypothesis or theory about the causes of the problem;
• Build the simulation model to test the dynamic hypothesis;
• Test the model;
• Design and evaluate policies.

With this said, if in broad terms the PMBoG project was aimed at creating a game about
PM issues, dynamics, and competencies, the first practical step of our analysis required
defining the specific context and problem to be addressed in order to develop the SD-based
model and the ILE.

Several options were considered initially by the research group; scores were subse-
quently given to all the options, specifically evaluating them against the competencies
to be taught and transferred to learners. After a scoring phase used to assess and weigh
alternative options, the context chosen for the project was that of a wedding, with the
players taking on the role of wedding planners.

As mentioned, the PMBoG-related game was developed and is played as an SD-based
ILE. Several meetings with the participation of various project units were organized to
share information and initially develop the model according to a participatory perspective
(e.g., Videira et al. [76]). More advanced technical details were subsequently agreed on
relying on group model-building techniques, as was suggested by Vennix [58].

Primarily, the model was developed using stock and flow diagrams, while causal loop
diagrams were less frequently used during the developmental phase of the ILE.

Fully developed, the model has the following main characteristics.

• Time horizon: 7 months, with start time at −1 and stop time at 6.
• DT: 1 month.
• Variable counts: stocks: 117; flows: 157; converters: 628; constants: 249; equations: 536;

graphicals: 0.
• Integration method: Euler.

The model was subsequently validated using several key validation tests (as suggested
by Senge and Forrester [77] and Barlas [78]), both direct structure tests (e.g., the dimensional
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consistency test and the direct extreme-condition test) and structure-oriented behavior tests
(e.g., the extreme-condition test and the boundary adequacy test).

3.3. Description of the PMBoG ILE

The ILE is made of several windows that:

• First, provide preliminary information about the PMBoG project and the game;
• Subsequently, describe the task assigned to the player and the main instructions to

follow to play and interact properly with the simulation model;
• Lastly, allow the player to play the game and check the results of the simulation.

In total, 16 pages populate the ILE. The most relevant ones are described below.
The first two pages of the ILE provide the entry point to the game and some prelimi-

nary information about the PMBoG project and its aims. A toolbar (at the bottom of the
pages) is used to allow the user to get access to the ILE and the other windows/pages of it.
The toolbar is not equal for all the pages of the simulator since it is customized according
to the page where it is placed and with the aim of providing a full immersive interaction
between the user and the computer model.

The task assigned to the player is framed as depicted in Figure 2.
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As mentioned previously, if in broad terms the PMBoG is aimed at teaching and
transferring PM competencies, the game created in its context is about a specific domain,
i.e., the organization of a wedding. The description of the player’s task included in this
page of the ILE immediately clarifies that the final score of the game will depend on their
ability to reach all the goals above mentioned.

The player is subsequently required to look for more “Detailed instructions”, i.e., for a
list of the main steps that they have to go through playing the game, as follows:

• Step 1: Choose the couple you are willing to play with and analyze carefully what that
couple wishes (“Couples and cards” page). Then, “initialize” the game.

• Step 2: Check what “special need” you will be required to address (“Couples and
cards” page).

• Step 3: Check which utility cards (e.g., an additional worker or a good musician) will
be available during the game (“Couples and cards” page).

• Step 4: Check which options are available for each category and typology of tasks
(“Task options pages”: purple, yellow, and red) and start planning them. Note that
only for the first round of action, you will be allowed to plan the tasks in advance of
all the other activities . . . (through the “Planning task dashboard”).
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• Step 5: From clock time = 0, use the “Player’s Decision Dashboard” to make your
decisions, such as allocating workers to specific tasks, mitigating risks, and hiring (or
releasing) staff.

• Step 6: The results of your simulation will be available throughout the windows of the
simulator, with the final score calculated in the “Scorecard”.

This list provides a snapshot of how the game is structured and unfolds. It also makes
clear that more detailed information about the game and the levers to interact with the
simulation model are provided in subsequent windows of the ILE, starting from the page
titled “Couples and cards” (Figure 3).
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The “Couples and cards” page of the ILE is where the game is initialized. According
to the list of steps that the user is required to go through, the player is first called upon
to select the couple to play with. The user can choose between couple no. 1 (“Posh”) and
couple no. 2 (“Friendly”). Each couple is represented by a card (equal to the one used in the
PMBoG board game) that contains several icons and information, as described in Table 2.

Table 2. Description of a “couple card”.

Couple Card The Information Displayed on the Card
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A = Name and image of the couple;
B = Preferred symbols;
C = Liked symbols;
D = Disliked symbols;
E = Perfect marriage combination.

The following pages of the simulator describe the task options.
Task cards are the focal point of the game and represent activities that must be com-

pleted to successfully organize the wedding. There are three typologies of cards, i.e., purple,
yellow, and red.
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As an example, Figure 4 displays the cards and options for the purple tasks.
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Figure 4. “Purple Task options” page (front side) of the SD-based PMBoG ILE.

The colors are used to highlight the order in which the tasks should be completed: purple
ones come first, yellow ones are second, and red ones are the last to be fulfilled. Subsequently,
the six main tasks that the user must complete, i.e., choosing the restaurant, the location, the
dress, the announcements, the rings, and the photographer, are assigned a color.

Notably, in the PMBoG SD model, tasks are represented as an aggregate variable for
reporting purposes and are also disaggregated into more detailed development phases for
each of the main categories of tasks assigned to the wedding planner.

As an example, Figure 5 portrays a partial representation of the structure devoted to
the management of “Restaurant no. 1” (i.e., REST 1).
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Figure 5. Structure from the SD model representing the management actions related to restaurant no. 1.

During the game, all the task-related options are randomly drawn and made available,
and are identified with their color: restaurants and locations are purple tasks; dress and
announcement tasks are yellow; and rings and photographer cards are red. For a more
straightforward identification, the various tasks are also associated with peculiar icons, as
displayed in Table 3.

Table 3. Icons associated with task cards.

Task Card Icon Task Card Typology
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A set of traffic light icons (red, yellow, and green colors are visualized) is used to
immediately communicate if a specific task is available (“A”), planned (“P”), and/or
completed (“C”). Notably, each card is displayed on this page (and on the other pages
devoted to presenting task card options) with several symbols, as described in Table 4.

Using a visualization that is applied to all the task cards, each card displays specific
information about this peculiar task, e.g., the amount of workload required to complete it (one
square grey box means one unit of workload), its cost (one banknote equals EUR 1000), and
the score associated with it (the star icon equals one point scored at the end of the game).

Additionally, a bar is included in the ILE to highlight the “clock TIME”, i.e., the time
of the simulation run (e.g., clock time = 2 would mean that the game is currently at the end
of month 2).

Each card has a front side and a rear side (accessible through specific command buttons
placed on the bottom right corner of the screen). An example of a page from the ILE that is
devoted to presenting the rear side of the task cards is displayed in Figure 6.
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Table 4. Description of a “task card”.

Task Card Information Displayed by the Card
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A = Card color;
B = Card task symbol;
C = Task cost;
D = Task risk flavor;
E = Task risk number;
F = Workload required;
G = Requested symbols;
H = Pre-requisites.
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The “rear sides” of the task cards are explicitly dedicated to analyzing the “risks” that
are associated with such tasks and loom on the user. Risks represent a core element of
any project management intervention and must be faced, mitigated, managed, and—when
possible—prevented and avoided.

Specifically, the ILE game allows for risk mitigation by investing in risk prevention
activities, as we will discuss subsequently. Each card on its rear side displays the typology
of risk that could occur, its probability, and the investment needed to mitigate such risk,
thereby changing it from a normal risk to a lowly mitigated risk or, even, to a highly
mitigated risk.

To start the game by planning and executing tasks, the user is required to choose
task cards that are randomly made available (see the green light associated with icon A,
i.e., available card). The user has one month of preparation before starting the game; that is
to say, the first step of the simulation is considered to be the planning phase of the project.

Any planning decision is taken through the “Planning Task Dashboard” (Figure 7).
All six categories of task options and all the task colors are listed on this page. Slider

bars are at the user’s disposal to choose among the available options, as displayed for each
category of tasks on other pages of the ILE and made also evident by the traffic light-like
icons portrayed on this page of the game.
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Task planning status- and task completion status-related icons are portrayed as well.
The user advances the game (i.e., the simulation) by 1 month each time they press the
command button “ADVANCE Simulation”. A new game can be started by pressing the
command button “Start New Run”.

When a task is planned, it must be subsequently carried out.
All the key levers to complete a task (purple, yellow, and red tasks, as well as tasks

associated with utility cards) by assigning the workforce to it and mitigating risks are
available on the ILE page named “Player’s Decision Dashboard” (Figure 8).
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Through the player’s decision dashboard, the user can make a series of decisions, as
described in Table 5.

Table 5. Description of the decisions included in the player’s decision dashboard.

Decision Decision Levers in the ILE Information

Allocate the staff to
selected tasks

Player’s decision REST workload
Player’s decision LOCATION workload
Player’s decision DRESS workload
Player’s decision ANNOUN workload
Player’s decision RINGS workload
Player’s decision PHOTOG workload

The user specifies the amount of workload they
want to assign to each specific task and for that
specific month.
Each task to be completed requires a specific
workload, as detailed by the task cards on their
front sides.
The total amount of workload that can be assigned
to the six tasks is constrained by the staff at the
user’s disposal (i.e., by the total
workload available).

Mitigate risks

Player’s decision REST risk mitigation
Player’s decision LOCATION risk mitigation
Player’s decision DRESS risk mitigation
Player’s decision ANNOUN risk mitigation
Player’s decision RINGS risk mitigation
Player’s decision PHOTOG risk mitigation

The user can mitigate the various risks associated
with the six tasks of the game by investing money.
Mitigating risks will reduce the possibility that
such risks will happen.
The amount of money to be spent to this aim is
detailed on the rear sides of the task cards.

Hire junior workers Juniors to HIRE

The user can decide to increase their staff by hiring
new employees. Such workers will be “juniors”,
i.e., less productive ones, if compared to seniors.
After a delay time, the juniors become more
experienced, i.e., they become seniors.

Release seniors Seniors to RELEASE

The user can reduce their staff by releasing senior
workers. This will reduce the staff and the total
workload at the user’s disposal but will also
reduce the costs.

Activate
temporary workers Temporary worker

If in need of more staff (and quickly), the user can
activate a temporary worker.
This employee will work on the project only for
one month and will be subsequently and
automatically released.

Work on utility
card-related activities

Workload on utility card 1
Workload on utility card 1
Workload on utility card 1

Depending on the utility card that is randomly
assigned to the user at the beginning of the game,
the user will have to assign a workload to such
a task.
This action is constrained by the staff at the user’s
disposal (i.e., by the total workload available).

As already exemplified by Figure 5, the decisions made by the players are meant to
complete the tasks necessary to organize the wedding on time, with the given budget, using
the available workforce, and according to the couple’s wishes.

All these actions are made possible by relying on partial structures included in the SD
model, such as the following one that exemplifies how workforce management is modelled
within the ILE (Figure 9).
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The user will check on the “Scorecard” (Figure 10) if they successfully managed all
the tasks.
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Even though the scorecard is updated continuously during the game, the final score
will be correctly calculated only after 6 months of simulation.

In more detail, the total points scored by a player in a game are given by a combination
of partial scores, as described in Table 6.
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Table 6. Description of the scorecard.

Points Scored Category Information

+3 points Per request symbol in your completed task cards that matches the
preferred couple card

+1 point Per request symbol in your completed task cards that matches the
liked couple card

−1 point Per request symbol in your completed task cards that matches the
disliked couple card

+5 points
Per perfect marriage bonus if you have all the request symbols on
your completed task cards that match the perfect request on your
couple card

−3 points Per not completed/absent task type
+3 points To the player who has the most remaining coins
−1 point Every two debts (rounded)
Pre-requisite The “special need“ card must be fulfilled.

With the user having initially chosen one out of the two couples available for the
game, the scorecard will subsequently show the final score fully calculated only for that
specific couple. The final score and the scorecard make clear that the performance of the
user depends on a combination of indicators and actions, i.e., on the ability to complete
all the tasks on time, according to the wishes of the couple chosen for the game, properly
using the budget at the user’s disposal, and properly preventing and facing various risks.

For a better understanding of the simulation runs and the overall experience, the ILE
provides an additional page (Figure 11) dedicated to presenting a selection of graphs and data.
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This page includes graphs that are useful both during the game (to visualize the
outcomes of the actions already carried out and understand how to take further action) and
after the game.

The list of graphs provided on this page of the ILE is described in Table 7.
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Table 7. List of graphs available on the “Graphs” page of the SD-based PMBoG ILE.

Graph Description

Tasks to be completed
Tasks completed counter

This graph shows the number of tasks to be completed (no. 6 at the beginning of
the game) compared to the tasks completed by the user at any specific time of
the simulation.

REST task completion signal (ILE)
LOCAT task completion signal (ILE)

This graph shows if the tasks associated with choosing a restaurant (i.e., REST)
and/or a location (i.e., LOCAT) for the ceremony have been completed (value = 1),
are partially completed (value = 0.5), or have not been worked on yet (value = 0).
These are the purple tasks in the game.

ANNOUN task completion signal (ILE)
DRESS task completion signal (ILE)

This graph shows if the tasks associated with making the announcements
(i.e., ANNOUN) and/or choosing the dresses (i.e., DRESS) for the ceremony have
been completed (value = 1), are partially completed (value = 0.5), or have not been
worked on yet (value = 0).
These are the yellow tasks in the game.

RINGS task completion signal (ILE)
PHOTOG task completion signal (ILE)

This graph shows if the tasks associated with choosing the rings (i.e., RINGS)
and/or a photographer (i.e., PHOTOG) for the ceremony have been completed
(value = 1), are partially completed (value = 0.5), or have not been worked on yet
(value = 0).
These are the red tasks in the game.

Budget

This graph shows the level of the budget at the user’s disposal at any time during
the simulation.
The user starts the game with a budget of EUR 30,000.
The user can use more than the available budget, even though this will incur a
penalization in the final score.

Junior staffSenior staffTemporary worker

This graph shows the staff at the user’s disposal at any time during the simulation.
There are three typologies of workers:

- Junior workers that have a productivity of 1.5 and a salary of
2000 EUR/month;

- Senior workers that have a productivity of 3 (i.e., double the productivity of
a junior) and a salary of 3000 EUR/month;

- Temporary workers that have a productivity of 1.5 (equal to juniors) and a
salary of 1000 EUR/month.

Potential workload available
Workload allocated by player

The potential workload available during the simulation is given by the staff (the
no. of workers for each category of staff) multiplied by the employees’
productivity (each category of workers has a different productivity level).
The workload allocated by the player shows how the user uses the potential
workload at their disposal to complete the tasks.
The comparison between these two variables makes clear if there is capacity not
currently used by the player.

These graphs allow for analyzing the “behavior mode” of a specific (or more) vari-
able(s), and for this reason, are named “behavior over time graphs”. As explained by
Ford [79] “Behavior modes are typically displayed graphically using behavior-over-time
graphs (BOTG), where time is represented on the X-axis and values of the variables are
represented on the Y-axis”.

Such graphs are fundamental not only to inspect the outcome of a specific game but
also to understand the relationship between the dynamics shown for the various variables
and the underlying systemic structure that is impacted by the user through their decisions.

4. Results

This section reports some preliminary results as registered during a simulation ses-
sion with doctoral students interacting with the SD-based ILE. Specifically, the following
graphs show the results of one simulation played during the session we selected for this
article. Such graphs and data are only meant to provide an exemplification and highlight
some insights.
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In detail, Figure 12 displays the planning tasks dashboard, and Figure 13 portrays the
player’s decision dashboard for this player.
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The following two figures show the results for the player we are referring to; specifi-
cally, Figure 14 shows the scorecard, while Figure 15 portrays the BOTG graphs from this
specific simulation run.
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Figure 15. “Scorecard” page for one player after the game.

This specific player (coded as player no. 2 in the simulation session) was able to plan
the tasks but was not entirely efficient in carrying out all the activities needed to complete
the six tasks (only four out of six were completed within the given time horizon, thus
generating a minus 6 score for this category). Positive scores in the scorecard are the results
of actions completed for a preferred category (+6), liked categories (+1 and +2), and the
utility card (+1). In terms of budget allocation, the scorecard clarifies that the player had a
budget of 2K left (+3).

Further analyzing the simulation session we are referring to, Table 8 reports the players’
feedback (summarized) about their playing experience, specifically in terms of the strategy
they developed and applied during the game. Table 8 also shows the final score for each
player and if they incurred specific risks during their game.
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Table 8. Players’ feedback.

Player
No. Strategy and Feedback Additional Features

in/for the Game Final Score RisksIncurred

1

I tried to fulfill the Posh couple’s wishes by
completing all the required tasks on time and in
the correct sequence. It wasn’t easy, because the
options that became available in the ILE weren’t
always the best, and I didn’t manage to carry out
all the actions in parallel, using properly the
workforce at my disposal. In the end, I also had
to hire some temporary workers, because the
pressure I felt to complete my task was very high.

None. +5 None.

2

I had fun and I think I did quite well even though
I couldn’t complete all the tasks required for the
wedding. Maybe I’ve been worrying too much
about managing the budget and staffing, and this
has caused me to pay less attention to the time
needed to complete the tasks.

More planning time. +9 None.

3

I completed the six types of tasks that were
requested, but they weren’t the best possible ones,
i.e., they weren’t exactly the ones associated with
the couple I had chosen. Not all cards were
perfect in that regard. Anyhow, I tried to
complete my task and make the wedding happen.
However, I spent all the available budget, and I
must say that I was not able to mitigate the risk
well. In the end, I’m happy, but I’d like to try the
game again, to improve my strategy.

Repeat the game with
the same conditions. +10 More budget

needed.

4

I nearly completed the overall task, but I was not
able to actually do that due to some mistakes I
made. For example, I chose one wrong option
during the planning phase, and this messed up
my execution. I subsequently had to rush things
and go for sub than optimal options. I definitely
felt a bit of pressure to perform, and this made
me further rush a couple of decisions. Overall, I
think I learnt a lot, and the game pushed me to
think about the wedding as a project, with all that
this would entail.

Play a competitive
game against other
players.

+5 Rework cycle.

5

I tried to complete all the tasks, without
succeeding. I understood that priorities, schedule,
budget availability, resources, and time cannot be
always managed simultaneously and that it is
difficult to find an optimal strategy. Anyhow, I
understood that the planning phase and the
execution phase are to be managed carefully, and
all the resources are to be employed accordingly.

Play again, relying on
the knowledge gained
in previous attempts.

+2 Rework cycle.

6

I felt good playing the game. I really like
simulations and games, and this is a nice example
of a management-related game. Actually, I
struggled to complete all the tasks, but I
definitely tried to use all the options and
resources at my disposal.

None. +3 None.
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5. Discussion

According to the research design we presented in Section 3 of this paper, players’ perfor-
mances and the subsequent acquisition of critical thinking skills [1,5,37,38] were assessed in
three different ways.

First, players’ performances were analyzed through a scoring system embedded in the
game and considering several performance dimensions. As we mentioned in the second
section of this article and as highlighted by other studies (e.g., [46]), scoring systems may
be useful to evaluate whether and to what extent participants make use of critical thinking
skills to complete the tasks they are assigned. In this regard and in this research, the
final score shown within the ILE provides a synthetic evaluation of the whole players’
performance, while the partial scores reflect their ability to successfully complete specific
tasks on time, with the budget at their disposal, and in consideration of the couple’s requests.
Considering the details included in Table 6 and to provide an exemplification, player no.
2 (for whom the scores are presented in graph 13) was partially effective in completing
tasks associated with the couple’s requirements and wish list, thereby highlighting the
capacity to detect relevant information when planning a future course of action and select
appropriate options among the ones becoming available during the simulation.

It is to be noted that none of the players involved in the simulation session considered
for this study was able to achieve the full score, even though all of them scored positive
points. This demonstrates, on one side, the ability of the players to interact with the
system dynamics [34,35] model and the SD-based ILE [20,21,26,28] to manage the tasks
they were assigned and develop appropriate policies (long advocated by authors such as
Morecroft [26]), but also, on the other side, that projects (such as the one considered in this
work, i.e., the organization of a wedding ceremony) can be quite complex and challenging,
thereby calling for a systemic perspective—as clearly emphasized by the relevant literature
(such as by Sterman [59] and Rumeser et al. [70]). Both these aspects point to the use of ILEs
for educational purposes, specifically to assist learners in analyzing complex and dynamic
domains and developing policy-making skills—a concept that is clearly at the center of
the academic debate within the SD community (e.g., see the works by Morecroft [26],
Alessi and Kopainsky [24], and Davidsen [28]).

Second, feedback from the players taking part in the simulation session was collected
and analyzed. As we already stated, the research design entailed interviewing players and
asking them to describe their learning experience, the strategies they used during the game,
and the perceived learning points of the experience, as reported in Table 8. Players’ feedback
was subsequently investigated using basic content analysis (according to the suggestions
provided by Krippendorf [74]) to identify particularly relevant terms or concepts.

As an example, the following excerpt emphasizes one of the strengths of this approach,
specifically centered on the use of “games” embedded in an ILE (e.g., [16,26,27]):

“I never thought about project management in this way. I’ve been used to reading
books and calculating gaps and this experience was rather new and entertaining. I really
liked it”.

This excerpt is particularly significant for demonstrating one of the main strengths
related to the use of interviews in a research context, that is to say, to provide insights into
how students approach problems, make decisions, and evaluate arguments. As we already
pointed out, this is also emphasized by other studies, such as the work by Jaffe et al. [47].

Another excerpt from the interviews better clarified what the players usually carried out
during the gaming experience, specifically emphasizing the behavioral side of their learning
experience, something stressed by several authors (e.g., Lane [31], Barnabè and Davidsen [32],
and Lane and Rouwette [33]):

“Of course, it was a game, but I wanted badly to perform and complete my assignment.
It was a fight against time, and I had to find several solutions to manage my staff and the
costs to complete the game”.

This kind of excerpt may also be useful for eliciting—individually—information about the
perceived acquisition of critical skills, as discussed by other studies (e.g., Tiwari et al. [48]).
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Third, players’ performances were analyzed using the five categories of structures
identified by Lyneis and Ford [36] to describe project management domains and decision
making in such contexts, i.e.: (a) project features; (b) the rework cycle; (c) project control;
(d) ripple effects; and (e) knock-on effects.

In this regard, we remember that in the PMBoG model, tasks are disaggregated into
more detailed development phases for each of the main categories of tasks assigned to
the wedding planner (see Figure 5) and are also represented as an aggregate variable for
reporting purposes. As mentioned, project managers’ performances are typically measured
in terms of schedule, cost, quality, and scope; all these performance measurement areas
are included in the PMBoG ILE. Notably, most of the efforts that the players have to put
into the game entail carefully planning the activities to carry out using the resources at
their disposal (with some of them becoming available randomly during the game) and
subsequently operating to close the target–performance gap. Not all the options are always
available, and the planning of such tasks is a key element of the game.

As one player underlined:
“there is a trade-off between going for the best score and trying to accomplish all

the tasks”.
Analyzing the game results, typical strategies used to do that entailed expanding the

workforce capacity (hiring new employees or, even, hiring temporary workers), changing
the order of execution for specific activities (thereby missing some deadlines), or lowering
the bar in terms of quality and customer satisfaction, thereby going for less preferable
options. The development of these strategies can be considered rational and also coherent
with what has been observed in other studies or by other authors, such as Sterman [59,60].
Stated differently, the players relied substantially on the existence and use of negative
(controlling) feedback loops, with responses typically being proportional to the gap size.
Rework cycles and side effects were mostly generated by a limited number of reasons, such
as the lack of risk mitigation (that may lead to errors and reworks, as detailed in the last
column of Table 8) and accelerated processes (through the extensive hiring of new staff,
thereby boosting salaries and costs). Interestingly, behavioral factors such as pressure and
stress also played a role in the simulation, causing suboptimal performances and knock-on
effects (see Table 8 for more details). Interestingly, the potential for using an ILE to explore
the behavioral side effects of in-game simulations is confirmed by other studies, such as
the work by Sterman and Dogan [29] and the study by Barnabè and Davidsen [32].

Lastly, to discuss if and how the ILE facilitated the acquisition of critical thinking skills,
we have to remember what was already emphasized in the second section of this paper.
In broad terms, referring again to the seminal definition provided by Scriven and Paul [5],
acquiring critical thinking skills entails being able to use a range of mental processes, such
as analysis, inference, evaluation, interpretation, explanation, and self-regulation. These six
abilities are fundamental to supporting decision making, i.e., to arrive at well-reasoned and
informed judgments about complex issues and problems, something clearly emphasized
by the relevant literature [37,38].

Concerning the PMBoG ILE, we can now highlight the following.

• The ability of analysis involves breaking down complex information into smaller parts,
identifying patterns, and evaluating evidence to make a reasoned judgment. The PM-
BoG ILE helped the players to embrace the complexity characterizing a typical project
management intervention, having at their disposal various sources of information and
using them to plan activities and carry out actions. The potential of SD principles and
tools, in this specific context, supported the players in understanding how complex
patterns of events, actions, and consequences were formed within the game, at the
same time identifying the role played by critical factors such as time.

• The ability of evaluation involves assessing the credibility and relevance of information,
evaluating arguments, and determining the strengths and weaknesses of different
viewpoints. The ILE provided a safe environment where all the information was
continuously at the players’ disposal, performances were assessed in real time, and
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feedback about decisions and actions was provided to the players using several tools
(graphs, scores, visual aids such as traffic lights, tables, etc.)

• In the PMBoG ILE, the skill of inference, which involves drawing conclusions based
on available evidence and making predictions about future events based on past
experiences and patterns, was critically linked to the players’ ability to plan activities,
carry them out, assess the gap in terms of expected results, and adopt corrective
actions, mostly according to negative balance feedback-driven reasoning.

• The ability of interpretation, which entails understanding the meaning of information,
analyzing its significance, and applying it to new situations, was greatly enhanced
within the PMBoG ILE. Players were called on to play the role of a wedding planner,
but this role might be easily shifted to the management of a variety of other projects,
all of them relying on similar underlying systemic structures.

• The ability of explanation (which involves communicating complex ideas or concepts
in a clear and concise manner, using appropriate evidence and reasoning to support
arguments) was not directly evident from the results of the PMBoG ILE, but it came to
life when the players were interviewed and were required to explain their strategies
and experiences. The excerpts we report in Table 8 and within the text can provide
examples of this.

• Last, the skill of self-regulation, i.e., the ability that involves monitoring one’s own
thinking and behavior, recognizing biases and assumptions, and adjusting one’s
approach based on feedback and new information, was challenged within the PMBoG
ILE. Players tended to approach the game heavily relying on their mental models and
background, but also became able to exploit this experience as the game progressed.

6. Conclusions, Limitations, and Ideas for Further Research

At the end of this paper, our aim is to emphasize some specific learning points that
emerged from the project and are related to the methodological principles and the simula-
tion tools employed here.

The starting point is to recognize that SD-based games and ILEs can represent powerful
tools to support the acquisition of critical thinking skills about complex issues.

These tools fully combine all the methodological principles theorized by Jay Forrester [34,35]
with the tools that the technology provides in terms of developing powerful and effective ILEs (as
advocated by many scholars, such as Morecroft [26] and Davidsen [20]) to be subsequently used
to support policymakers. In this context, project management is certainly a complex domain that
entails the simultaneous management of several variables and policy levers, and subsequently
needs to be studied with a systemic perspective, such as system dynamics and systems thinking,
as widely demonstrated by the extant literature in the field (e.g., the works by Sterman [59,60],
Rodrigues and Bowers [61,62] and Lyneis and Ford [36,63], and Lyneis et al. [69]) and long
emphasized by well-known scholars such as Berry Richmond [50].

Moreover, by requiring students to actively build upon their prior knowledge, the
research design we employed in this study can be considered as being consistent with the
use of qualitative research methodologies to analyze learning directly in classrooms, as
emphasized in Novak and Gowin [75].

Interestingly, when playing within an ILE, entertainment is also fostered. Stated
differently, SD-based ILEs and SD-based games provide different-from-the-usual forms of
education and training, thereby stimulating the users to make decisions and take action
while having fun, as suggested by several studies such as the one by Armenia et al. [18].

Additionally, in the specific case of the PMBoG project, we would like to emphasize
that the SD-based ILE is available online and open for access. Being available online, the
ILE allows (and will increasingly allow) the extensive participation of numerous learners
able to interact easily with the underlying SD model and experiment freely with their own
decisions, thereby gaining insights about PM issues and activities.
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As a last insight emerging from this project, we emphasize again that SD-based
simulation models and ILEs may effectively provide a core component of any project
management intervention, as Figure 16 portrays.
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Of course, this work is not without limitations.
Whereas the modelling phases of the PMBoG project have been concluded, the process

whereby the SD-based ILE is used in classrooms has just started. Limited results and analysis
are, therefore, the main limitations that can be ascribed to this research at this moment.

In any case, this will allow for further extensive research and experience in classrooms
and with a higher number of learners, while also employing different evaluation approaches
and methods, such as adopting a pre-test/post-test experimental set-up [80] or employing
a more quantitative approach to assessing the acquisition of critical thinking skills, for
example using the California Critical Thinking Skills Test or the Watson–Glaser Critical
Thinking Appraisal. The use of these tests is exemplified by other studies in the field [42,43].

Extending our research would also allow a better understanding of which conditions
systems thinking- and system dynamics-based tools and games may support decision
making and enhance the acquisition and/or development of critical thinking skills in
knowledge-specific domains, such as in the project management field or in other contexts.
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