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Artificial Intelligence in Management Simulators

Nuno Biga

Abstract—Aurtificial Intelligence (AI) has the potential to
transform management in a number of impactful ways. It allows
machines to interpret information to find patterns in large volumes of
data and learn from context analysis, optimize operations, make
predictions sensitive to each specific situation and support data-based
decision-making. The introduction of an “artificial brain” into the
organization also allows it to learn from complex information and data
provided by those who train it, namely its users. The “Mastering”
Serious Game introduces the concept of a context-sensitive “Virtual
Assistant” (VA), which provides users with useful suggestions for
optimizing processes and creating value for stakeholders. The VA
helps to identify in real time the bottleneck(s) in the operations system
so that it is possible to act on them quickly, the resources that should
be multi-skilled to make the system more efficient and in which
specific processes it might be advantageous to partner with another
team(s). The possible solutions are evaluated using the Key
Performance Indicators (KPIs) considered in the Balanced Scorecard
(BSC), allowing actions to be monitored to guide the (re)definition of
future strategies. This paper is built on the BIGAMES® simulator and
presents the conceptual Al model developed and demonstrated through
a pilot project (BIG-AI). Each Virtual Assisted BIGAME is a
management simulator developed by the author that guides operational
and strategic decision making, providing users with useful information
in the form of management recommendations that make it possible to
predict the actual outcome of different alternative management
strategic actions. The pilot project developed incorporates results from
12 editions of the BIGAME A&E that took place between 2017 and
2022 at AESE Business School, based on the compilation of data that
allows establishing causal relationships between decisions taken and
results obtained. Systemic analysis and data interpretation are
enhanced in Assisted-BIGAMES through a computer application that
the players can use. The role of each team's AV is to guide the players
to be more effective in their decision-making, providing
recommendations based on Al methods. It is important to note that the
AV's suggestions for action can be accepted or rejected by the coaches
of each team, as they must take into account their own experience and
knowledge to support their decision-making. The “Serious Game
Coordinator” is responsible for supporting the players with whom he
debates points of view that help make decision-making more robust.
All inputs must be analyzed and evaluated by each team, which must
add “Emotional Intelligence” - an essential component missing from
the machine learning process. The preliminary results obtained in
“Mastering” show that the introduction of AV allows for faster
learning of the decision-making process.

Keywords—Artificial Intelligence, Al, Balanced Scorecard,
Gamification, Key Performance Indicators, KPIs, Machine Learning,
ML, Management Simulators, Serious Games, Virtual Assistant.

1. INTRODUCTION

HE use of management simulators has been progressively
consolidated as an effective tool for training managers,
boosting the development of their strategic and operational
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skills. In recent years, the introduction of Al in simulators has
given rise to new opportunities for customization and improved
accuracy in evaluating complex scenarios. In effect, the
application of AI allows for the creation of simulated
environments with higher predictive capacity, providing a
suitable arena for testing critical decisions and assessing the
impact of extreme demanding scenarios, including those
generated from projections supported by Al algorithms.

This article describes a pilot project started in 2024, called
BIG-AL which introduces Al into the BIGAMES® simulator,
aiming at improving the quality of decision-making in critical
contexts of A&E. As part of the BIG-AI project, which is
currently in the development phase, concept tests have been
carried out that show promising results. Although these tests are
preliminary, the Al system is currently undergoing adjustments
and optimizations considering the demonstration results.

Business Interactive Games (BIGAMES®) are already an
important tool for training managers and executives. These
simulators, used in executive training programs and various
other training initiatives, whether sectoral or transversal, have
proved to be valuable tools for developing leadership and
management skills. BIGAMES® allow different strategies to be
tested in a simulated business environment, giving participants
the opportunity to experiment and observe the impact of their
decisions in real time [9], [10]. BIGAMES® simulators are
currently recognized for their ability to combine simulation
with gamification, providing a competitive environment in
which participants can assess the impact of their decisions in a
virtual organizational context. In two consecutive years (2023/
24 and 2024/25) BIGAMES® was awarded the “Innovation in
Managerial Education Solutions” prize by an independent
entity based in the United Kingdom (CorporateLiveWire, UK).
This paper is built on the BIGAMES® simulator and introduces
the conceptual Al model developed, demonstrated through a
BIG-AI pilot. This pilot incorporates data and findings from 12
annual editions (2017-2022) of the BIGAME A&E that took
place at the AESE Business School. The introduction of Al
methods leverages the cross-fertilization of knowledge for more
efficient decision-making through a collaborative team
approach. The Virtual Assistant developed helps on supporting
the queries from players when they need specific support, while
the knowledge generated from each player running processes
and implementing selected actions in BIGAMES® turns into
useful information that is added for future use.

II. SCOPE AND OBJECTIVES

The BIG-AI pilot project, developed in the context of
BIGAMES®, mentioned above, introduces Al as a support tool
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that allows users to obtain real-time inputs to guide their
decisions. This article is built around the mentioned pilot
findings and aims to assess and discuss how AI can be
embedded in the management simulator, for improving the
effectiveness of decision-making processes in simulated
environments. With the introduction of the “BIGAMES Virtual

Assistant”, the system will be able to provide its users with

useful information obtained through algorithms that correlate

the variables in question with results obtained in previous
editions.

The scope of this study is also to analyze the feasibility of
using Al to improve management processes in executive
training simulators, especially in operations and organizational
scenarios involving other strategic decisions, besides A&E.

The main objectives of the BIG-AI pilot project can be
described as follows:

1) To assess the impact of Al on customization (team member
personalization) and accuracy of the recommendations
provided to users.

2) To explore the potential of Al to adjust simulation
scenarios (living labs) in real time, enabling data-centric
and more informed decision-making.

3) To analyze the effectiveness of using the BSC approach to
measure and optimize the performance of teams using
simulators with gamification.

To assess the potential of integrating BSC-AI into

BIGAMES® management simulators to provide enhanced

inputs to support higher quality decision-making.

After the successful pilot and promising results, the full

introduction of AI into BIGAMES® is currently in the

development phase, and several ongoing tests and adjustments

are being made for its full implementation until 2025.

4

II1.

The effectiveness of wusing serious games to teach
management has been proven by several research studies
including [2], [3], [10], [15], [18]-[20]. The use of KPIs has
been used in serious games, particularly in the health sector
[22], [24]. The application of Al in management simulators has
evolved significantly in recent years, with the ability to
personalize the user experience and provide real-time structured
and unstructured data to support decision-making. According to
Klock et al. [21], personalization through Al is becoming a
powerful tool for improving the effectiveness of simulators,
particularly in the context of gaming, by making it possible to
adjust scenarios and challenges based on the individual
performance of the players. The use of machine learning (ML)
algorithms in management simulators makes it possible to
adjust scenarios in real time, based on behavior data and
interactions with users. The known literature on gamification
suggests that Al and ML techniques are effective in serious
game environments, based on the principle that personalized
feedback can be given and challenges adjusted according to the
skills and abilities shown by the players.

The topic of personalization/customization of serious games,
referred to in the literature as “Tailored Gamification”, is
widely discussed in the literature review prepared by Klock et
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al. [21]. According to the authors, few methods have been used
to promote tailored gamification. The results of the literature
review show that most studies applied in training settings are
oriented towards a future adaptation aimed at the customization
of the basic models used, mentioning the importance of
supporting the dynamic modeling of serious games that are
adaptive to the users' characteristics and needs. We cite, among
others, De Sousa Borges et al. [17], Alahdivdld and Oinas-
Kukkonen [1], and Barata et al. [4], who analyzed how
personalizing games by adapting them to different user profiles
can help improve participant engagement and knowledge
retention. De Sousa Borges et al. [17] evaluated how
personalized gamification allows players to face challenges
suited to their abilities, increasing motivation and performance
when carrying out complex tasks. These authors analyzed the
use of games in educational environments, concluding that the
dynamic adjustment of scores and rewards is an important
factor in increasing students' intrinsic motivation, also resulting
in greater learning effectiveness. Buil et al. [13] reached a
similar conclusion in their study of management students. In the
same line of research, Alahdivdld and Oinas-Kukkonen [1]
stress the importance of adjusting gamification dynamics to
different user profiles, to ensure that rewards and feedback are
appropriately customized. These authors focused on the
importance of personalizing challenges to different types of
users, stressing that this approach contributes to significantly
improving the motivation of players. Barata et al. [4] also
concluded that personalization can be fundamental in teaching
environments, particularly at higher education level, where
adapting learning challenges to students' preferences and
abilities can significantly improve the results of the educational
process. These authors found that personalizing the degrees of
difficulty and the rewards given seem to be determining factors
in increasing users' levels of academic performance. The
various research studies that have investigated the
personalization of serious games are unanimous in concluding
that adapting approaches to the characteristics and needs of
users is a key factor in effective training. The same conclusion
is reached by Calabor et al. [14], who emphasizes the need for
serious games to meet the specific needs of the areas they are
intended to teach.

According to Biga [12], simulators with gamification shows
that real-time decisions based on monitoring results of teams'
performance at each step represent a distinct feature that
challenges the capacity of managers’ skills for system auditing,
its integrated analysis and synthesis ability to act effectively at
each time, namely, to improve and/or optimize the operational
system in order to meet clients’ needs, well-being and
expectation of all stakeholders, while addressing other
constraints of multidimensional nature. According to Klock
[21], the application of ML algorithms also facilitates the
personalization of serious games in real time, adapting
simulation scenarios as players interact with the system. Sardi
et al. [23] conclude that the use of AI in simulators can
significantly improve the quality of feedback provided to users,
allowing simulations to adjust challenges based on players'
actions and decisions. Personalization in simulators through Al
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is proving to be a growing area of interest.

Cattinelli et al. [16] earlier addressed the need for
computational intelligence for the BSC in the context of
enterprise performance monitoring. However, no studies have
been found in the literature review on management simulators,
with a sound integration of Al and BSC. This seems to be
aligned with the previous study by Zodltowski [25] who
concluded that “the area of business intelligence and the use of
its tools in the support of BSC is still a more general concept
than specific and practically applied tools”, outlining the
interest of research direction. In 2010, Biga [6] developed BI
software that linked various KPIs, an approach that was taken
up in the BIG-AI project. The research presented hereafter
explores the combination of the above methods, assuming its
potential to enhance the way in which BIGAMES® users/
participants monitor processes and teams, as a decisive factor
in boosting their performance.

IV. METHODOLOGY

The methodology used in BIGAMES® was consolidated over
the last few years of implementation [8]-[10], [12]. It is based
on an iterative process of continuous improvement: after
running each annual edition, specific adjustments or features
are introduced in the simulator based on the feedback and data
analysis of members’ actions (players/students) to increase
personalization in each context. Since their creation in 2015 to
the most recent version, the management simulators developed
in serious game(s) format have been optimized to ensure a
simulation experience that is ever closer to the organizational
reality that is intended to be mimic through a living lab. The
implementation of the pilot project with Al, called BIG-AI,
started early in 2024, as an innovative approach in the field of
serious games. Its experimental application took place in the
Accidents and Emergencies (A&E) simulator at the AESE
Business School [8]-[12]. In a recent initiative called
“Mastering” (case study developed in 2024 as part of the BIG-
Al pilot project), a specific APP was developed to support the
simulator, where the relationship between BSC and Al was
tested, that conducted to promising results. The program
structure of each edition of BIGAMES® includes the following
sequential phases:

1. Drawing of Roles: Participants learn which functional role
they are going to play in the simulator; each role derives
from drawing lots to ensure randomness in the assignment
process and each team member are provided with the “rules
of the game”. This stage is essential for defining the roles
and responsibilities of each player/participant in the
simulator.

2. Self-learning of roles: At this stage, participants have
access to manuals and explanatory videos, enabling them
to understand their responsibilities and the objectives they
need to address. This preparation phase is very important
for each participant to become familiar with the respective
playing role. The duration of this phase can be longer or
shorter, and often takes place in advance or on the same
day of the simulation event, depending on the complexity
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of each BIGAMEO living lab.

3. Initial Training Session: Participants can test their
functions on the simulator for 30 to 45 minutes. This
training phase is a dress rehearsal that allows participants
to identify and clarify any doubts on how the simulator
works, as well as to fine-tune processes and procedures
before the start of the competition sessions - stages 4 and
5.

4. Intermediate Simulation Sessions: Two simulation
sessions are held, each lasting 30 minutes. At the end of
each of these sessions there is a 30-minute break for the
teams to analyze the results obtained and adjust their
strategies to the predefined objectives. During these
breaks, the teams can use the so-called “Virtual Assistant”
[of the simulator] which provides them with feedback
based on the data obtained in previous editions
(accumulated knowledge) that is used.

5. Final Simulation Session and Debriefing: In the last
simulation session, teams apply the lessons learned from
the previous sessions. This is followed by a plenary
debriefing session in which the results are discussed,
analyzing the KPIs and the causal relationships that make
it possible to assess the extent to which the decisions taken
have contributed to the results obtained. It is in this session
that the main conclusions to be retained by the participants
are systematized, e.g. the causal relationships between
KPIs.

A specific methodology for applying Al to serious games in

a simulation context is proposed. The Al methods integrated
into BIGAMES® aim to provide relevant information to support
participants'  decision-making, making the simulation
experience more fruitful and effective for each user. This aspect
not only helps to increase the effectiveness of the learning
process, but also allows managers to test different scenarios
without the risks associated with real decision-making. In
addition, the integration of the BSC approach into these
management simulators makes it possible to monitor multiple
dimensions of performance, using KPIs between which it is
possible to establish correlations. The BSC, combined with Al,
can provide a comprehensive view of the impact of strategic
decisions, providing the simulator's users - the players of the
serious game - with real-time feedback, allowing for a deeper
and more multidimensional analysis of the teams' performance
in the game. The use of the Virtual Assistant, which
corresponds to the Al based assistant component introduced in
these simulators, is one of the main innovations introduced in
the BIGAMES® concept. The Virtual Assistant answers the
teams' questions based on historical data from previous
editions, providing quantitative guidance to support data-driven
decision-making.

V.ARTIFICIAL INTELLIGENCE AND BALANCED SCORECARD

In BIGAMES® simulators, the BSC approach plays a central
role in monitoring KPIs, as it allows teams to understand the
causal relationships between different variables and adjust their
strategies based on this information. Existing correlations are
determined from historical data on the use of the simulator. The
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use of Al associated with the BSC in the BIGAMES®
simulators allows the system, through the Virtual Assistant, to
provide recommendations based on data collected in previous
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Fig. 2 Relationship strength between variables V1 to V16

(R*>0,700 € p s 10%)

In the break periods of sessions, after the intermediate series
of a BIGAME, teams can request support from the simulator's
Virtual Assistant, who answers specific questions of each team,
based on the knowledge accumulated during several previous
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editions of the simulator's implementation. It is a component
that learns progressively with the successive editions
implemented. It is important to note that the Virtual Assistant
does not suggest solutions as the objective is not to distort the
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competition, nor does it give opinions, but only provides
information that may be relevant for a data-driven decision
support. The use of the Virtual Assistant is deliberately limited,
with each team only being able to ask 2 questions at each break
period. The Virtual Assistant's answer to the questions posed is
mostly presented in a closed format (No/Yes/Perhaps),

Vie I
-

an

associated with statistical information. Since the Virtual
Assistant knows what has happened in previous editions of the
simulator, he knows in statistical terms the impact that each
change introduced has had on each KPI, used to determine the
teams' final ranking.

=
w
\J

Fig. 3 Representation of the relationship between V1 to V16

The way in which the questions are formulated by the teams
is of great importance if the answers are to be more assertive
and appropriate. The Virtual Assistant's answer to a given
question could be, for example, “30% Yes + 65% No + 5%
Maybe”. The statistical distribution of each answer is
consolidated with ML approaches in successive editions of the
simulator's implementation. The causal relationships between
KPIs result in a BSC of the variables in play, with the
magnitude and sign (positive or negative impact) of these
relationships recorded in successive editions of the simulator.
These database records allow the Virtual Assistant to provide
participants with answers that consider the dynamic BSC
underlying the simulator. Each participant team is constantly
asking themselves what decisions they need to make during the
game to win the competition, a method that fosters
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collaboration to achieve common goals. To this end, the role of
each team's VA is to guide the players to be more effective in
their decision making, by answering questions posed by them.
It is important to note that the suggestions made by the VA for
specific actions, are given through closed answers to questions
posed by each team, and these can be accepted or rejected by
the CEO of each team.

In the BIG-AI pilot project, Al is supported by an algorithm
that uses linear regression models. The model used aims to
explain a variable, commonly known as the dependent variable,
at the expense of a set of so-called explanatory variables, known
as the independent variables. The linear regression model for
the generic variables is represented by:

Y=p0+p1.X1+P2.X2+..+Pp.Xp+e €8
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Fig. 4 Causality diagram Vi < Vj: BSC approach
where Y is the dependent variable, X1, .., Xp are the

independent variables, B0, ..., Bp are coefficients (with B0 the
constant) and € represents a variable with a normal distribution
of zero mean value and constant variance, usually called the
residual. The model equation for the set of observations relating
to the j™ individual in the data set takes the following form:

Yj=p0+BL.X1j+pB2.X2j + ... + Bp.Xpj + gj 2)
where Yj (Xij, &) translates the value of the j individual in the
dependent variable Y (value of the j" individual in the
independent variable Xi). The residuals associated with
different individuals are assumed to be independent random
variables (i.e. not correlated with each other), which makes the
model's residuals Gaussian white noise. This assumption should
be confirmed after adjusting the model to confirm its validity,
which will be possible for a larger number of observations
(resulting from several editions of the simulator through several
serious games). If so, in addition to confirming that the
residuals are Gaussian white noise, it is necessary to analyze the
significance of the model, i.e. whether any of the explanatory
variables included in the model are important in explaining the
dependent variable. In the regression considered, statistics with
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a t-Student distribution are used to test the significance of the
parameters and statistics with an F distribution to test the
significance of the model, which can be used regardless of the
sample size. However, the t-Student and F distributions are
associated with the hypothesis that the residuals have a normal
distribution and are uncorrelated, and their use is questionable
if the validity of the hypothesis cannot be tested. This model is
applied to pairs of variables (Vj, V;), where i1 # j, to identify
significant relationships between different KPIs, and the
relationship is considered significant when the coefficient of
determination (R?) reaches values greater than 75%, with a
significance level of 5%.

In BIGAMES®, the application of these linear regressions
aims to predict the impact of strategic changes based on
previous runs of the game. For example, if a team asks the
question to assess the impact of increasing the number of
resources in a given process to improve its efficiency, the
Virtual Assistant relies on the regression models to provide a
weighted answer [e.g., “85% Yes, 15% No”: this answer
suggests that, considering the historical data from previous
editions, there is likely to be a strong direct correlation (85%)
between the number of resources allocated to a given process
and the efficiency of that process]. These predictions are based
on the history of similar decisions and their impacts in previous
editions of the simulator. The simulator's BSC is dynamic, with
real-time updates every time the simulator is used. This is
possible because information on the results obtained in each
edition is stored in a database. Obviously, once they have the
AV's answer(s), it's up to each team to decide what they want
to do, i.e. the decision will always be their own responsibility.

In the BSC of the BIGAMES® simulator, regressions with a
coefficient of determination greater than or equal to 75% are
considered significant at a 5% significance level, although
relationships with a significance level of p <0.15 are considered
significant if R? is higher than 0.60.

Fig. 1 shows, as an example, the strength of the correlation
between variables V1 to V16, and Fig. 2 shows the relationship
strength between variables. The results obtained corroborate a
study carried out by the author in 2007 [7] in which strategic
drivers for value creation in organizations were evaluated.
Indeed, the pilot project confirmed that the effectiveness of
learning the rules of the Game (V1) has a strong direct
correlation with satisfaction (V2), which strongly influences
motivation (V3) and involvement (V4), with a direct impact on
performance (V5, V6). Individual performance has a direct
correlation with the effectiveness of processes (V7 to V10),
with an impact on customer satisfaction (V12). The economic
performance of teams in various dimensions (V13, V14, V15)
seems to depend directly on customer satisfaction (V12),
resulting in a strong direct correlation with the creation of
shareholder value (V16).

Based on the results obtained, a causality diagram is drawn
up which outlines the main relationships identified, as
illustrated in Fig. 3. This approach is currently being tested on
the BIGAMES® simulators, with promising results. Fig. 4
illustrates the simplification of Fig. 3 through omitting
redundant causal relationships (for example, if V4 depends on
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V3 which depends on V1, it is redundant to say that V4 depends
on V1). This BSC is the basis tested in the pilot project and the
results obtained point towards its validation in the context of the
BIGAMES® simulator.

Figs. 5 and 6 illustrate the causality diagram obtained for the
case the VA available to users of the BIGAMES® simulator.
The magnitude of the correlation between variables will be
marked in the small gray boxes.
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Fig. 5 Magnitude of correlations (schematic representation)

The correlations suggested in Fig. 5 were validated in
previous case studies developed by the author [5]-[7] and
applied to the BIGAMES® simulator. The number of times
these correlations occur in successive editions of the simulator
is determined statistically and this information is used by the
VA to answer the teams' questions. Participants are encouraged
to reflect on the VA's outputs, allowing them to explore
different scenarios and solutions in a simulated virtual
environment. This approach promotes critical thinking and
problem-solving, essential skills in today's educational context
[11]. The Mastering computer application will be consolidated
so that the interaction between layers and VA is progressively
more effective, and this is a future challenge for the BIG-AI
project.
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Fig. 6 Magnitude of correlations (correlation V12-V14: zoom)

VI. CONCLUSION

Findings from the introduction of AI methods in
BIGAMES®, as part of the BIG-AI pilot project, reveal that
there exists significant potential for improving decision-making
processes in simulated management environments. Through the
developed Virtual Assistant, fed by historical data and linear
regression models, participants in the simulators can access
recommendations and answers based on data from previous
runs of similar processes, enabling more robust and targeted
decision support. The AI based system, currently under
development and subject to sequential testing phases, has
already demonstrated the ability to optimize the simulation
experience by providing quantitative insights that guide the
teams' strategies, without detracting from the competitive
nature of the games or indiscriminately favoring any of the
teams. The team that best knows how to question the Virtual
Assistant will also have more competitive advantages from this
new component of BIGAMES®. The integration of Al with the
BSC in BIGAMES® simulators showed to translate into an
innovative way of monitoring team performance in real time.
The use of correlated KPIs provides users of the simulator with
a comprehensive view of the consequences of strategic
decisions in multiple organizational dimensions. The
personalization of the feedback provided by the VA, supported
by ML, allows teams to adjust their actions based on reliable
data, reducing uncertainty and increasing the effectiveness of
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decision-making. The preliminary test results of the BIG-AI
project are promising, showing that the use of Al in
management simulators can contribute to increasing
personalization/customization within each context and the
accuracy of recommendations to support data-centric decision-
making. It is important to note that, despite these positive
findings, the system is still in the experimental and fine-tuning
phase. As such, it is still necessary to continue collecting and
analyzing data on a regular basis to consolidate this new
functionality. In summary, the combination of Al with BSC in
BIGAMES® management simulators seem to provide a new
dimension in participants' learning, creating a collaborative,
safe and effective environment for the experimental
implementation of business strategies. It is expected that the
incorporation of Al into BIGAMES® management simulators
will become increasingly effective, contributing to the training
of leaders and executives in complex organizational contexts.
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