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Abstract. Although gamification presents the potential to increase engagement and motivation in learning environments,
there are still gaps regarding the suitability of gamification elements for specific contexts, such as military training
simulators. In this context, this study aims to identify which gamification elements are most appropriate for military
training simulators, in order to contribute to the training process without compromising the fidelity of reality. This study
also investigates the challenges related to the appropriation and perception of these elements in SiBART, a 3D military
training simulator for combat vehicles. To achieve this objective, this research was carried out in different stages, including
the identification of gamification elements in simulators according to the literature, the definition of the most attractive or
relevant gamification elements according to the perception of military users, the redesign of the SIBART simulator, the use
of gamified and non-gamified versions of the simulator by military personnel, with a counterbalanced order of use, and the
collection of qualitative data through semi-structured interviews. The results indicate that the acceptance of gamification
in the military context depends on the alignment of the proposed elements with the reality of training and with military
values and practices. It was observed that gamification can contribute tactical challenges and time pressure aligned with
military practice, with collaborative elements (such as gifting) that reflect companionship being well-accepted. In contrast,
elements conflicting with doctrine (such as shops and individual rankings) may compromise fidelity. Finally, the perception

and appropriation of gamification also depend on improvements in usability, visual integration, and system stability.

Keywords: Gamification, Military Training, Brazilian Navy, Training Fidelity.

Edited by: Marcelo da Silva Hounsell

| Received: 01 December 2025 o Accepted: 20 March 2026 e Published: 10 April 2026

1 Introduction

The term gamification has attracted growing interest in both
education and industry since it was introduced in 2003 Sera
and Wheeler [2017]; Navarro [2013] due to studies pointing
to the positive results [Hamari et al., 2014]. Gamification
consists of the strategy of using game mechanics, dynamics,
and elements in environments that are not necessarily games,
aiming to motivate and engage people in the learning and
problem-solving process [Kapp, 2012, p. 10]. Gamification
emerges as a proposal to make the execution of activities or
teaching/learning more attractive [Ribeiro et al., 2019], im-
prove its users’ performance [Silva et al., 2019], and improve
student skill performance, bringing significant positive re-
turns in the context of teaching/learning [Silva et al., 2015].
However, the benefit of gamification is directly related to the
context of its application and the users who are or will be
using it [Hamari et al., 2014], the context and the decision of
which game elements will be applied are important factors
for the success of gamified projects [Tong et al., 2016]. Nev-
ertheless, it is not yet clear which gamification elements are
most appropriate for each teaching context.

In parallel, simulators are defined as software that virtu-
ally replicate real-world situations or processes [Susi et al.,
2007], allowing operators to be trained in diverse situations
that are often impossible, rare, dangerous, or costly [Alves
et al., 2010], such as in military training or surgical practices
in medicine [Carvalho et al., 2013], offering a safe environ-
ment to make and correct mistakes [Alves et al., 2010].

In this context, instant feedback is important to support
such training, acting as an immediate corrective mechanism.
By allowing users to immediately perceive critical failures, the
continuation of incorrect procedures is prevented, as noted by
Stathakarou et al. [2024], who observed that instant feedback
helped military personnel promptly recognize poor decision-
making and general errors.

Some training simulators may have repetitive and/or
mandatory activities, so gamifying them can make the repe-
tition of their activities more enjoyable through playful ele-
ments and mechanics used in games, generating engagement
and motivation so that their use is not merely out of obligation,
and so that their users may want to perform the training in the
best way possible [Kapp, 2012, pp. 10-12].

Despite several works having already pointed out the
benefits linked to the use of gamification [Hamari et al., 2014],
few training simulators utilize it for engagement and learning
improvement. Among those that do, many do not clearly
specify the game elements applied. Most of the analyzed
works do not evaluate the impact of gamification [Chella
et al., 2014; Batista et al., 2018; Brustolin and de Sa Brandao,
2017; de Amorim and Pellini, 2020; Amorim, 2023; da Silva
et al., 2018]; some of them evaluate the simulation as a whole,
without investigating the influence of gamification or specific
elements. Moreover, for military simulations, Silva [2018]
considers gamification to be for entertainment and without
concern for reality, potentially harming the fidelity of military
simulations.
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These aspects motivated us to develop this work, that
aimed to identify which gamification elements are most suit-
able for the context of navy training simulators, in such a
way that they do not diminish fidelity and contribute to the
training process. In addition, we investigated the challenges
of appropriation and perception of gamification elements in a
military training simulator. Therefore, to guide this investiga-
tion and achieve the objectives of this study, we formulated
the Research Questions (RQs) below:

* RQ1. Which gamification elements are perceived as
suitable in a military training simulator?

* RQ2. Which gamification elements are perceived as
less suitable or reduce simulation fidelity in a military
training simulator?

* RQ3. In what way do gamification elements contribute
to the military training process?

* RQ4. What are the perception and appropriation chal-
lenges associated with gamification elements in a mili-
tary training simulator?

We use the SiBART simulator [Dam et al., 2019], as
a case study. It is a 3D naval battle simulation application
for the Brazilian Navy’s military training. It simulates real
combat situations and aims to train soldiers in developing
their skills for tactical responses and immediate reactions to
different enemy attacks [Dam et al., 2019].

We conducted the following methodological research
steps. Initially, we performed a literature review to identify
studies applying gamification in simulators across various con-
texts, including military training simulators. Subsequently,
we carried out an initial evaluation by applying a question-
naire to 20 military participants to identify the most engaging
or relevant gamification elements for a military training simu-
lator.

Based on the results, we selected phases (as complexity
levels), time limits (as challenges), points/coins/badges (as a
reward system), leaderboards (as a way to add competition),
visual feedback, progress tracking, reward exchange for bene-
fits, gifts (as cooperation), and voice chat (as communication)
and include in a gamified version of the simulator, that we
evaluated it with 16 military users, different from those who
participated in the initial study.

We divided the participants into two groups. Each group
used both versions of the simulator, with the order counterbal-
anced to control for order effects. After using each version, we
conducted semi-structured interviews with each participant.
Subsequently, we analyzed the interviews using the qualitative
methodology of thematic analysis [Braun and Clarke, 2006].

We identified that users tend to receive well to gami-
fication elements that are aligned with the reality of their
training, their values, and their military practices. An on-
boarding process is also necessary, and all functionalities,
whether gamified or not, should be visible to users.

11 Ethical issues

This research was conducted following ethical principles to
ensure the protection and respect of the participants. All of
them were informed about the study’s objectives and proce-
dures and signed a Free and Informed Consent Form before
their voluntary participation for the user evaluation and inter-
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views. To ensure confidentiality and anonymity, participants’
data were coded, with students identified as A1, A2...A14
and instructors as I1 and 12 in the analysis and presentation
of results. The interviews were recorded with due authoriza-
tion, and the collected data were stored securely and used
exclusively for the purposes of this research.

2 Contextualization and related
work

Several studies [Ribeiro et al., 2019; Silva et al., 2015;
da Silva et al., 2018; Batista et al., 2018; Chella et al., 2014;
de Amorim and Pellini, 2020; Amorim, 2023] propose gamifi-
cation or describe gamified simulators in areas such as health,
support in teaching computer architecture, heritage education,
programming education, and automation. Although many re-
port a positive user perception, such as increased engagement
and learning assistance, or an increase in usage time (inter-
preted as greater engagement by [Ribeiro ez al., 2019]), few
evaluate the application of gamification within their simula-
tors. Frequently, their evaluations focus on their simulators as
a whole, without distinguishing the contribution of gamifica-
tion to the obtained results. Furthermore, a clear specification
of which gamification elements were used and how they were
selected is not always presented, hindering replicability and
understanding of the mechanisms in action.

In the military context, Stathakarou et al. [2024] investi-
gated the application of gamification in a Virtual Patient (VP)
simulator for training Swedish military medics in trauma care.
The study provides an assessment focused on user experience
and concluded that gamification, along with the opportunity to
make mistakes and receive immediate feedback in a risk-free
environment, is a “promising approach to military medical
training”.

Brustolin and de S4 Brandao [2017] identified game
elements in the Brazilian Army’s Cyber Operations Simulator
(SIMOC) and reported that students perceive the simulator
as motivating and beneficial, mainly due to the freedom to
make mistakes and its realism. However, the study did not
evaluate how the identified game elements directly impacted
the presented results.

In contrast, Silva [2018], when discussing improvements
for the Brazilian Army’s COMBATER simulator, position
gamification as a potential “bottleneck”, associating it with
“entertainment and lack of concern for reality” [Silva, 2018,
p- 11], which could compromise the simulation’s fidelity. This
view highlights an important tension: while many works see
gamification as a positive additive, there is a concern about
its suitability in scenarios that demand maximum realism.

The review of empirical studies on gamification con-
ducted by Hamari et al. [2014] indicates that although gam-
ification can have positive effects, these are dependent on
the users and the applied context. The authors also point out
several methodological weaknesses in existing studies.

This study aims to contribute to these gaps. Firstly, our
study is situated within a little-explored context: simulator
training in the Brazilian Navy. Secondly, this research con-
ducted a comparative evaluation between a gamified and a
non-gamified version of the simulator. This approach allowed
us to investigate not only user interest but also the percep-
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tion of the influence of specific game elements on training.
The study sought to identify which game elements might be
suitable (or unsuitable) for the military training context.

Finally, by analyzing user perceptions, we identified
which gamification elements seem to work in the context
of military training and how they are perceived, contributing
to design indications for gamified military simulators that
aim to balance them with training fidelity. Our focus is on
investigating the challenges of the appropriation and percep-
tion of gaming elements in a training scenario that demands
seriousness and alignment with operational reality.

Table 1 presents a comparative summary of related
works, highlighting their limitations and how this research
addressed those gaps.

3 Methodology

In this study, we used the SiBART Simulator, a 3D military
training simulator for combat vehicles, as our case study [Dam
et al., 2019]. To achieve the objective of this research, we
followed the steps below (Figure 1):

Firstly, we conducted a review to identify the gamifi-
cation elements used in simulators in the literature. Subse-
quently, we performed an assessment through a survey to
identify which gamification elements are most attractive and
relevant to military users. Based on the results, we selected
the gamification elements to be implemented in the SIBART
simulator. Next, we redesigned the simulator by analyzing
the inclusion of the selected elements and accordance with
usability criteria. We then developed the gamified version and
carried out an evaluation with military users, collecting data
through semi-structured interviews. The data were analyzed
using thematic analysis [Braun and Clarke, 2006], which led
to the findings of this research.

| Literature review " List of Gamification El

ts Used in the Studi |

¥

Initial Assessment to Define Gamification
Elements

I—+

| Simulator analysis for inclusion of gamification elements |
2
| Development of the Gamified Version |

]

| Final evaluation with users I Semi-structured interviews |

Thematic Analysis

Figure 1. Diagram of methodological steps.

Selection of Gamification Elements
to be applied in the simulator

3.1 Case Study: Simulator SiBART
SiBART [Dam et al., 2019] is a 3D military training simulator
designed to train tactical response and immediate reactions
to enemy attacks, simulating real combat scenarios that occur
on a single terrain (Votuporanga-SP). During the simulation,
participants in a vehicle face three types of enemies: two
capable of inflicting damage (a 50 caliber shooter and an RPG)
and one non-lethal (an aircraft) that tests decision-making.
SiBART consists of two modules, a module for the instructor
and other for the students (military personnel). A view of the
student’s screen is illustrated in Figure 2.

The students receive mission instructions to complete
a route from point A to point B, with minimal damage and
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Figure 2. View of the military interface during the simulation.

reacting correctly to enemy attacks. The instructor assigns
roles as operator (moving the armored vehicle), comman-
ders (handling the armored vehicle’s weapons), and observers
(unassigned students remain in the simulation only as specta-
tors). According to the role assigned, the simulator shows in
the screen a list of commands (Figure 3).

LISTA DE COMANDOS

OPERADOR COMANDANTE

Figure 3. List of commands available in the simulation interface (original in
Portuguese). The English translation is as follows. Operator (M113 Control):
W/S: Accelerate/Brake or reverse; A/D: Turn left/Turn right; Mouse (hori-
zontal): Move camera direction; Tab: Open/close hatch; H: Turn headlights
on/off. Commander: A/D: Rotate platform left/right; Left mouse button: Fire
(continuous if held); Tab: Open/close hatch; L Shift (Hold): Enter aiming
mode; Right mouse button (Hold, while in aiming mode): Move weapon
direction. General: Esc: Settings menu; R Shift: Unlock/lock mouse; Space:
Adjust vehicle position/rotation in case it gets stuck.

The instructor configures environment parameters (date,
time, and weather), monitors progress, and receives real-time
feedback on events such as player connections, combat out-
comes, and mission progress. Once the simulation begins,
it runs continuously until completion, and the instructor can
save session settings to be reused in the next simulation ses-
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Table 1. Comparison between related works and the present research
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Work and Context Approach Limitation This Study
Brustolin and Identification of game Evaluation of the simulator Evaluates the impact of
de Sa Brandao [2017] elements in the SIMOC without investigating the gamification on training.

simulator and their

Military (Cyber Attack impact of gamification on

and Defense) influence on learning. training.

Silva [2018] COMBATER simulator for | Points to gamification as a risk | Investigates the relationship
Military (Military training and doctrine to fidelity, but without between gamification and
Doctrine) validation. investigating it. fidelity.

Stathakarou et al. [2024]
Military (Health/Trauma)

Design of gamified Virtual
Patients for combat trauma
training.

Evaluated only the gamified
version, without a comparison
group using the non-gamified
version.

Uses comparative
evaluation (gamified vs.
non-gamified version).

Ribeiro et al. [2019]

- Motor skills and

- Lack of evaluation using

- Uses interviews to collect

Health (Dental procedures training. interviews or open-ended perceptions on each
Anesthesia) - Application and evaluation | questions to validate implemented element.
of gamification. participants’ opinions on the | _ Military context.
elements.
- Outside the military context.
Silva et al. [2015] - Motor skills and - Does not explicit the - Element selection based

Health (Laparoscopic
Surgery)

coordination training.

- Evaluation of simulator
usability and the applied

selection criteria for the
applied gamification elements.

- Outside the military context.

on an initial assessment
with the users themselves.

- Military context.

gamification.
da Silva et al. [2018] Augmented Reality - Lack of evaluation of the - Performs evaluation of the
Education (Computer simulator (ARTEMIS) simulator and the proposed gamification.

Architecture)

integrated into a textbook
for teaching.

gamification.

- Does not explicit the selection
criteria for the applied
gamification elements.

- Outside the military context.

- Element selection based on
an initial assessment with
the users themselves.

- Military context.

Chella et al. [2014]

Education (Programming
Teaching)

Simulator for teaching
algorithms through maze
solving.

- Lack of evaluation of the
simulator and the proposed
gamification.

- Does not explicit the selection
criteria for the applied
gamification elements.

- Outside the military context.

- Performs evaluation of the
gamification.

- Element selection based on
an initial assessment with
the users themselves.

- Military context.

Batista et al. [2018]
Education (Heritage)

Development of a gamified
Virtual Reality simulator for
immersive experiences in
heritage education.

- Lack of evaluation of the
proposed gamification.

- Does not explicit the selection
criteria for the applied
gamification elements.

- Outside the military context.

- Performs evaluation of the
applied gamification.

- Element selection based on
an initial assessment with
the users themselves.

- Military context.

de Amorim and Pellini
[2020]; Amorim [2023]

Education (Industrial
Automation)

Virtual factory plant for
gamified
Hardware-in-the-Loop
(HiL) simulations.

- Lack of evaluation.

- Outside the military context.

- Performs evaluation of the
gamification.

- Military context.
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Table 2. Gami cation elements and evaluation in simulators in the literature

Simulator proposed in the studies Elements Gami cation
Evaluation
SIMOC [Brustolin and de Sa Brandao, | Narrative, Abstraction of concepts and Reality, Goalfoes not evaluate.
2017] Rules, Competition, con ict or Cooperation, Time,
Reward structures, Feedback, Levels, Aesthetics and
Replays.

Dental Anesthesia Simulator [Ribeiro Time, Levels, Error log, Icons, Ranking, Points and Evaluate.
etal., 2019] Trophy.

LARG [Silva et al., 2015] Goals, Time, Reward Structure, Feedback, Levels,| Evaluate.
Replays, Ranking, Points and Sound Alerts.

ARtEMIS [da Silva et al., 2018] Feedback, Levels and Points. Does not evaluate

Virtual reality simulator for immersive Levels, Points and Trophy. Does not evaluate.

gami ed experiences applied to heritage
education [Batista et al., 2018]

Mobile robot simulator [Chella et al., Challenge, Competition or Cooperation and RewarndDoes not evaluate.
2014] Structures.

COMBATER [Silva, 2018] Not applicable Not applicable.
Not applicable. [Hamari et al., 2014] Points, Leaderboards, Achievements/Badges, Level$ot applicable.

Story/Theme, Clear Objectives, Feedback, Rewards,
Progression and Challenge
Virtual Floor Plan of a Varnish Factory | Progress Bar, Real-Time Control and Envolved Ul | Does not evaluate.
[de Amorim and Pellini, 2020; Amorim,

2023]
Virtual patients (VPs) [Stathakarou et al{, Points, Renovation, Feedback and Levels Evaluate.
2024]
sion. Course and the Armored Vehicle Specialization Course.

Procedure and Data Collection. The procedure began

) with the participants performing a session in the non-gami ed

_ smulator_s o N simulator. This session was preceded by instructions about
To identify studies on gami cation in training or educa- the itinerary, commands, a map of the route, and a 5 minute
tional simulators, we conducted a narrative literature reviewamiliarization period. The simulation, which was observed
Searches were performed using the Google Scholar acadentig the instructors, occurred in two sessions due to technical
search engine, Brazilian Computer Society's OpenLib andimitations.
the Brazilian Army's Digital Library with the keywords gam- After the session, the participants answered the question-

i cation and simulator . After the initial identi cation, the  \aires For their elaboration, we used the elements listed in

studies were ltered by analyzing their abstracts and introye 2, which were the most applied in the studies analyzed
ductions to con rm whether they addressed the applicatioqjuring the literature review.

of gami cation in simulators. For the selected works, we

LT . S We applied questionnaires with distinct questions for
analyzed their objectives, evaluations, limitations, and results. . : . .
X . . S . each group. The students' questionnaire addressed their ex-
This analysis allowed for the identi cation of the gami ca-

tion elements employed in the identi ed simulators, which perience with games, familiarity with the concept of gam-

. . S i cation, and their opinions on its application in the simu-

are listed in Table 2, indicating whether these elements wer; . : , . . .
X . Jator, while the instructors' questionnaire focused on their

evaluated. Further details regarding them can be found in . o .
Table 1 perception of the gami cation elements, the potential of these

elements to contribute to the training, and the criteria for

3.3 Initial user study evaluating student performance.
We conducted an initial study to identify the most attractive ~ Data Analysis and Selection of Gami cation Ele-
or relevant gami cation elements for SIBART users, without ments. We analyzed the questionnaire results by examin-
relying on a speci ¢ gami cation framework. We chose this ing the raw data and comparing related questions to identify
approach so that the selected elements would be more align@gtterns. The goal of this analysis was to understand what
with the military users' preferences and perceptions, rathethe responses indicated about each game element, assessing
than being committed to a speci ¢ gami cation structure. its suitability and the feasibility of its incorporation into the

Participants. We conducted the study with 20 male mili- 9ami ed version of the simulator.
tary participants (18 students and 2 instructors), aged between Based on the analyzed data, we performed the selection
20 and 35 years, from the Armored Vehicle School of CIASCof the elements to be implemented in SiBART. The selection
(Admiral Sylvio de Camargo Instruction Center). These parwas based on the combined results of the student question-
ticipants belonged to two programs: the Advanced Trainingnaires (identifying engaging elements) and the instructor ques-

3.2 Literature review on gami cation in
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