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Abstract—Using virtual environments (VEs) is a safer and
cost-effective alternative to training people in different contexts.
Immersive Virtual Reality (VR), combined with game aspects,
have the potential to improve the user experience in the
VE by increasing realism, engagement, and motivation. The
digital game industry is one of main sectors of the global
media market, and, according to Netscribes Gaming Market
Research, is expected a significant growth (18.98%) by 2023.
In the same way, Virtual Reality (VR) is gradually more
accessible, which has enabled applying it in different areas
besides research. In education, the development of VR has
grown significantly, evidencing contributions to the teaching
and learning processes. In Brazil, only a few research groups
have developed projects that involve the development of VR
for education, due to technical difficulties and high costs. This
work presents the development and evaluation of an VR serious
game to support the learning of neuroanatomy. The results of
the evaluation suggest that the game created is easy to use,
even by inexperienced subjects in VR, and is potentially useful
for teaching and learning processes. In addition, the game
was considered fun and did not cause discomfort, which is
common in many RV applications. Considering the results of
the questionnaire on the feeling of presence, a high average
was obtained (6.13), and, for four of the six questions, averages
above 6.3 were obtained on a scale of 1 to 7, with 7 representing
the real sensation of being present in a certain place. In
the knowledge test, we found a significant difference between
the performance before (M=20.38) and after the experiment
(M=46.3 in condition C1 and M=47.1 in C2), what indicates
that the methods really contribute to the learning process. The
not significant difference between the experimental conditions,
evidenced that the virtual condition is equivalent to the
synthetic, the present method of learning being used.

Keywords-virtual reality, serious game, presence, neu-
roanatomy

I. INTRODUCTION

Digital Games are one of the main sectors in the Global
Media and Entertainment Industry, comprising games played
on PCs, Mobiles, and Consoles. According to Netscribes
Gaming Market Research, the digital games market is ex-
pected to have a significant growth of 18.98% (2018-2023),
leading to a global digital gaming market size of $323.91
billion by 2023 [1]. At the same time, Virtual Reality (VR)
software and hardware are becoming more sophisticated
and inexpensive, which has enabled them to be applied in

different areas besides research, such as training, therapy,
education, marketing and entertainment [16]. According to
a new report from International Data Corporation (IDC),
worldwide spending on augmented and virtual reality is
forecast to surpass $20 billion in 2019, an increase of 68.8%
over the $12.1 billion in spent in 2018 [8].

Although extensive research has already been conducted
in virtual and augmented reality, as well as in games,
there are still few researches investigating the potentialities
and limitations of VR games, especially regarding newly
launched devices that provide unconventional interaction
experiences [11]. The applications of VR in education are
many and there is a consensus of its benefits in the teaching
and learning processes. Among the possible benefits are the
possibility of expanding the perceptions of the five senses,
representing more than the real state of affairs, greater
engagement with the student, appropriation according to
each person’s rhythm, exploration instead of deduction,
active learning, interacting and facilitating a global analysis
and their interrelationships. The cognitive process is not
just about problem solving, but it also has inventiveness
and creation. The data processing perspective no longer fits
as the only answer to cognition. Objective and subjective
are supporting the production of cognition. The available
technology and cost limitations will define the type of
application to be developed in each case.

In this context, this paper presents the development and
evaluation of a VR serious game to support the neu-
roanatomy teaching and learning processes, in order to
minimize the need for management of real anatomical parts.
In addition, we aim to provide an innovative and engaging
experience for the learning of neuroanatomy that allows the
development of pedagogical activities with low cost, both in
the classroom context, with the use of virtual reality glasses,
and at home, with the use of the smartphone.

Section 2 presents the background and some projects
related to this work. Section 3 presents the hypotheses, and
the developed VR game is described in section 4. Section 5
describes the experimental design and shows the apparatus
used in the in the user evaluation. Section 6 presents the
results and discussion. Section 7 concludes the paper.
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II. BACKGROUND AND RELATED WORK

Virtual reality is a computational application by which
users can interact with virtual environments through their
senses, such as sight, hearing and touch [3]. For Slater
(2014), VR is a technological system that can precisely
replace a persons sensory inputs to an alternative reality. VR
is able to create the user sensation of being transported to
a virtual three-dimensional world, providing a visceral and
immersive experience, although this does not always occur
[16].

In his 1999 article, that reviewed the state of virtual
reality, Brooks noted that, at that time, the field had made
great technical advances [2]. According to Slater, VR has
become a commonplace tool in many areas of science,
technology, psychological therapy, medical rehabilitation,
marketing, entertainment, and industry, and is surely about
to become commonplace in homes [16]. Today, we already
have many devices and accessories compatible with VR.
Among the most famous HMDs, we have the most powerful
and expensive ones, such as HTC Vive (by Valve in 2015),
PlayStation VR (by Sony in 2016) and Oculus Rift (by
Oculus VR in 2016), and the cheaper ones based on smart-
phones, such as Gear VR (by Samsung in 2015) and Google
Cardboard (by Google in 2014). All of them, however, are
marketed for home use and offered at affordable prices.

Presence is an important feature of VR systems related to
the users’ sense of being present in the Virtual Environment
(VE). Presence is defined as the subjective experience of
being in one place when we are physically in another
[22]. According to Sjölie (2013), the sense of presence is
determinant and must be considered from the design to the
use of VR systems [15]. In recent years, many researches
related to presence have been developed, especially related
to methods to measure it and to the VEs characteristics that
contribute to increase the user’s sense of presence. Many
researchers and studies argue that the greater the sense of
presence, the greater the chances that the users’ behaviour
in the VE will be similar to their behaviour if the situation
was real. Consequently, the greater the effectiveness of the
use of VR for the training, therapy or entertainment [19],
[15], [14].

The methods to measure presence are divided into sub-
jective and objective. The subjective ones are the most used,
especially the post-questionnaires, such as SUS [21] and
ITC-SOPI [7]. Besides the scale questionnaires, there are
also some subjective observation techniques [6], [13]. More
recently, there have been proposals to measure presence from
non-invasively physiological data such as heart rate, skin
conductance, eye movement and surface electromyography,
obtained during the use of the VE [13]. Also, some tech-
niques have been proposed that use neurological measures,
obtained by Functional Magnetic Resonance (fMRI), Tran-
scranial Doppler (DTC) and Electroencephalography (EEG)

[4], have been proposed.
Slater (2003) argued over the difference between the

term “immersion” and “presence”, having reserved the term
“immersion” to technology in an objective point of view.
Presence is a human reaction to immersion. Given the same
immersive system, different people can experience different
levels of presence and, also, different immersive systems can
give rise to the same level of presence in different people
[17].

In the past decades, the VR community has based its
development on interactive 3D graphics and visual simu-
lation. Currently, the VR field is transitioning into work
influenced by video games [12]. Because much of the
research and development being conducted in the games
community parallels the VR community’s efforts, it has the
potential to affect a greater audience. Given these trends,
VR researchers who want their work to remain relevant must
realign to focus on game research and development [24].

Console and Personal Computer (PC) games have become
ordinary for home users since longtime, being released in
the 70s the first home console, the Magnavox Odyssey. In
1984, the PC game market exceeded that of the consoles,
and in 2000 began the modern era of gaming began, with the
launch of the X-Box and PlayStation 2. The gaming world
went from pixelated 2D to 3D in just a decade [5].

Just like video games, serious games (SGs) consist of
gameplay, challenge, interaction, and objective, while gam-
ified applications merely incorporate elements of games.
Furthermore, SGs are constructed over pedagogical and
educational frameworks, which define the relationship be-
tween learning and game mechanisms, ensuring a successful
combination of such factors to reach its serious purpose [9].

The VR used in education in a playful way, can enhance
learning through the exploitation of information. For ex-
ample, proposals as clues in an immersive game, favoring
the development of desired skills [6]. In the health field,
VR has been used in the simulation of surgeries, mainly
for operative training of video-laparoscopic surgery, in the
preoperative planning and in the intraoperative support. The
images of virtual digital models have the advantage of being
able to evaluate the organs three-dimensionally, to observe
the internal structure of the organ, to evaluate the relations
between the organs with their topographies and to produce
selective visions of the body. In addition, there is no time
limitation for usage [23].

Currently, only a few research groups have developed
projects with VR application for teaching and learning in
the medical field due to technical difficulties and high
cost. However, some proposals are emerging to minimize
the difficulties of developing and maintaining the required
systems and programs. In addition, skilled human resources,
involving interaction between different areas, are being
prepared for optimization and democratization in the use
of this technology in teaching and learning processes [10].
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III. HYPOTHESES

The general hypothesis defined in this paper is that the
neuroanatomy learning process based on the use of a virtual
encephalon has similar results to the present method, based
on a synthetic encephalon. This general hypothesis was
detailed in 5 specific hypotheses, presented below.

• H1: The use of virtual encephalon produces similar
results to the use of synthetic encephalon in neu-
roanatomy learning.

• H2: The difficulty of virtual encephalon assembly is
similar to the synthetic encephalon assembly.

• H3: The sense of presence in the virtual encephalon
assembly is smaller than in the synthetic encephalon
assembly does.

• H4: The virtual encephalon assembly causes more
discomfort than the synthetic encephalon assembly.

• H5: The fun in the virtual encephalon assembly is
bigger than in the synthetic encephalon assembly.

IV. THE VR SERIOUS GAME

According to the literature, a serious game consists of
gameplay, challenge, interaction, and objective and are con-
structed over pedagogical and educational criteria to reach
its serious purpose. For a simple gameplay, the developed
game was based on puzzle games. This game genre can
test different player skills, such as logic, strategy, pattern
recognition, sequencing, and part-whole relationships [8].
The challenge is to assemble a human virtual encephalon,
based on its anatomic parts (frontal lobe, parietal lobe, oc-
cipital lobe, temporal lobe, cerebellum, corpus callosum and
brainstem and diencephalon), which are randomly arranged
on a virtual table (Figure 1), in the shortest time. Concerning
to interaction, the user manipulates two virtual hands, to
take, rotate and translate a pair of parts until its correct
fit. Besides this, the user can rotate, in all directions, a
reference encephalon to help them find the solution to the
challenge (Figure 2). The objective of this serious game is to
support the learning of the name and position of the different
anatomy human encephalon parts, based on a playful, active
and innovator method.

The randomness of position and colors of the pieces
aims to maintain the challenge between matches, minimizing
the possibility of solution by mere memorization. Among
the initial configuration options, it is possible to activate
or deactivate the labels that shows the encephalon parts’
names , in order to offer different levels of difficulty. In
addition, when starting a match, the user is invited to inform
his name/nickname, considering that the game presents the
short time top 10 ranking, as a motivational strategy for the
challenge.

From the results of the preliminary assessment [20], a
new version was developed and experiments with users were
performed. In the new version of the system, environmental

Figure 1. Game screenshot with the human encephalon parts to be
assembly and the reference encephalon.

sound and sound effects were included in different moments
of the interaction, as well as the possibility of configuring
the environment to display the name of the parts of the brain
and the possibility of moving the reference brain.

V. EVALUATION

This section presents the within-subjects experiment per-
formed to verify the hypotheses previously defined.

A. Dependent and independent variables

The aim of this study was to evaluate the presence and
learning between the different test conditions, that is, the
assembly, performed individually by the participants, of the
human encephalon with synthetic and virtual parts (Figures 4
and 5). The independent variable was the type of encephalon
to be assembled (synthetic and virtual) and the dependent
variables were the presence and learning (grade in the
knowledge test).

B. Participants

In order to carry out a user evaluation, the serious game
was used by 16 students, 13 women and three men, from
different undergraduate courses and stages, without motor
limitations1 (Table I). The participants’ age range was 17
to 40 years, with a mean age of 26.8 years and a standard
deviation of 6.3. Concerning the course, 7 were from Psy-
chology, 4 from Physiotherapy, 2 from Law, 1 from Biology,
1 from History and 1 from Publicity. About the course stage,
3 are in the first year, 3 in the second year, 3 in the third
year, 4 in the fourth and 3 in the last year.

When asked about their neuroanatomy knowledge, the
participants answered a 4 point Likert scale (none, little,

1Limitations of functioning in the osseo-articular, muscular and / or
nervous system.
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(a) Parts of the brain to be assembled

(b) Partial assembly of the brain

(c) Completed human encephalon

Figure 2. Stages of the immersive serious game.

medium, high). Four subjects said they were unaware, six
declared to have little knowledge and six average knowledge.
Participants were also asked to indicate, on a scale from 0
to 100, their degree of knowledge concerning the anatomy
of the human encephalon, being the mean 28.44 and the
standard deviation 20.47. Related to the knowledge test, de-
veloped by a neuroanatomy professor, the mean performance

Table I
PARTICIPANTS PROFILE

Sample Students 16
Age M=26.8 SD=6.3
Gender Female=13 Male=3
Undergraduate Course Psychology 7

Physiotherapy 4
Law 2
Biology 1
Publicity 1
History 1

Course Stage Fisrt year 3
Second year 3
Third year 3
Fourth year 4
Last year 3

Neuroanatomy Knowledge None 4
Little 6
Medium 6

Neuroanatomy Knowledge Scale M=28.44 SD=20.47
Neuroanatomy Test M=25 SD=27.81
VR Experience None 7

Once 5
Between 2 and 5 times 2
Between 6 and 10 times 2

Videogame Experience None 9
Once a month 5
Once a week 2

was 20.38, with a standard deviation of 20.85.
With respect to the VR experience, participants responded

to a 5-point Likert scale (none, once, between 2 and 5 times,
between 6 and 10 times and more than 10 times), so that
7 subjects never used, 5 used once, 2 used between 2 and
5 times and 2 used between 6 and 10 times. As for the 3D
video gaming experience, participants also responded to a 5-
point Likert scale (never, once a month, once a week, once
a day, more than once a day): 9 subjects never play, 5 play
once a month and 2 play once a week.

C. Apparatus

The game was developed in Unity3D and, for evaluation,
a Dell XPS 8900 computer with 3.6 GHz Intel(R) Core i7-
7700 processor, 16GB RAM and NVIDIA Gforce GTX 1060
6GB graphics card was used. The VR devices used were the
Oculus Rift CV1 and the Oculus Touch control.

D. Metrics

Objective measures (performance and time), subjective
(presence, ease of assembly, discomfort and fun in as-
sembling and usefulness for neuroanatomy learning) were
used in this study. The performance was obtained in the
knowledge test, the time by the game log and the subjective
measures were collected through the application of question-
naires.

1) Performance: The knowledge test, developed by the
professor responsible for the class of neuroanatomy in the
university, was composed of an image of the human brain
(Figure 3), in which were indicated the 6 parts that compose
it. The participant was asked to indicate the name of each of
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the parts, according to the image indication, and the result
was attributed in a score from zero to 100 points.

Figure 3. Human encephalon image used in the knowledge test.

2) Time: The virtual encephalon assembly time in the
virtual has been recorded in a text file generated by Unity
at the end of each section of the game. In the synthetic
encephalon assembly, the time was counted and recorded
by the researcher.

3) Presence: To measure presence, the Slater-Usoh-Steed
questionnaire [18], also known as SUS, was used. The
SUS questionnaire underwent some changes and currently
consists of six items evaluated on a seven-point rating scale,
7 being the real sensation of being in a different place.

4) Assembly Ease: With respect to the ease of assembly,
participants responded, in a 5-point Likert scale, to the af-
firmative sentence “It was easy to assemble the encephalon”
with the following options: totally disagree, disagree, neu-
tral, agree and totally agree.

5) Fun: With respect to the fun, participants also re-
sponded to a 5-point Likert scale related to the affirmative
sentence “It was fun to assemble the encephalon”, with the
following options: totally disagree, disagree, neutral, agree
and totally agree.

6) Discomfort: Virtual reality sickness occurs when ex-
posure to a virtual environment causes symptoms that are
similar to motion sickness symptoms. The most common
symptoms are general discomfort, headache, stomach aware-
ness, nausea, vomiting, pallor, sweating, fatigue, drowsiness,
disorientation, and apathy. To verify a possible cybersick-
ness, a simple affirmative sentence was presented to the
participants: “Assembling the encephalon caused me dis-
comfort.” Subjects also responded to a 5-point Likert scale
with the same following options: totally disagree, disagree,
neutral, agree and totally agree.

7) Usefulness: To verify the usefulness to the neu-
roanatomy learning, in the subjective participants opinion,
the affirmative sentence presented was “The assembly of

the human encephalon was useful for my neuroanatomy
learning”. Subjects also responded to a 5-point Likert scale
with the same following options: totally disagree, disagree,
neutral, agree and totally agree.

E. Procedure

The procedure followed a typical protocol, beginning with
a general explanation of the experiment, signature of the
consent term and use image term, characterization of the
participant and application of a preliminary neuroanatomy’s
test of knowledge, prepared by the responsible professor
at the university. Subsequently, the participant performs the
assembly of the synthetic (Figure 4) and virtual (Figure 5)
encephalon, varying the order among the participants. After
each test condition, the subject answered a questionnaire,
with open and closed questions, to evaluate the experience.
Through a 5-point Likert scale, participants opined about the
ease of usage, fun, utility and possible discomfort caused
by the VR. In a 7-point scale, they answered 6 questions
from the SUS presence questionnaire [18]. Additionally, the
subjects recorded their perceptions about the potentials and
limitations of the game in open-ended questions and redid
the knowledge test. Finally, comparative issues between the
virtual and synthetic experiments were applied.

Figure 4. Individual assembly of synthetic human encephalon.

VI. RESULTS AND DISCUSSION

In this section, the results of the study will be presented
and discussed in the context of the five defined hypotheses.
It is important to make it clear that the found results may
be somewhat biased, since the sample size was small. To
make it possible to generalize, further research is needed to
determine the results in a greater sample.

For each of the aspects covered in the experiment, the
Shapiro-Wilk test was applied to verify whether or not they
had normal distribution, followed by an analysis of variance
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Figure 5. Individual assembly of virtual human encephalon.

and paired tests, in cases in which a difference between
the experimental conditions was identified, to verify among
which conditions there was a significant difference. In the
case of data with normal distribution, the One-way ANOVA
variance test was applied and, when the difference was
identified, the Student’s t test was used to verify between
which conditions there was a significant difference. On the
other hand, for the non-normal distributed data, the non-
parametric tests were applied: the Friedman test for analysis
of variance and the Wilcoxon test to verify between which
conditions there was a significant difference.

As described before, in the condition 1 (C1), the par-
ticipant used the HMD and touch controls to assemble
the virtual encephalon. In the condition 2 and (C2), the
participants assembled the synthetic encephalon, that is, the
present method used in the neuroanatomy course.

A. Performance

In the knowledge test, as showed in Figure 6, we
found a significant difference (kruskal p=0.1664 - synthetic
and p=0.4177 - virtual) between the performance before
(M=20.38 SD=20.85) and after the experiment (C1 M=46.3
SD=32.4 and C2 M=47.1 SD=38.4), what indicates that the
methods really contribute to the learning process. However,
no difference was found between the experimental condi-
tions, evidencing that the virtual condition is equivalent to
the synthetic.

B. Time

Concerning the time to assemble the encephalon in the
experimental conditions, in the synthetic condition the mean
time was 6.14 with standard deviation of 0.13, and, in the
virtual condition, the mean time was 9.52 with standard
deviation of 0.32. It was possible to notice that the average
time was higher in the virtual condition, which is acceptable
since most participants are inexperienced in virtual reality.

Figure 6. Knowledge test mean result, before and after each experimental
condition.

However, it is also noted that the difference in mean assem-
bly time between conditions was very small.

C. Presence

The SUS questionnaire, which is composed of six items
evaluated in a seven-point evaluation scale, was applied
to verify to what extent the developed virtual environment
allows a good level of presence in the users, so that this is an
important characteristic of an AV that proposes to contribute
to the learning process. As can be seen in the Figures 7 and
8, no significant differences were found between the test
conditions (wilcoxon p = 0.3049), and it was expected that
in the synthetic condition the averages would all be very
close to 7. This result may be associated with an inadequate
interpretation of the real meaning of the sense of presence by
participants, especially in the synthetic condition. However,
even if we consider that in the synthetic condition the sense
of presence is 7 in all the questions, it fair to notice that the
sense of presence in the virtual condition was quite high,
having a mean of 6.13 and standard deviation 0.83.

Figure 7. Mean of the SUS presence questions.
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Figure 8. SUS Box Plot using the synthetic brain (ST) and using the virtual
brain (VR). The bold lines are the medians and the boxes are interquartile
bands with the result.

D. Ease

Concerning encephalon assembly ease, as illustrated in
Figure 9, there was a split of opinion among the participants,
especially in the case of the synthetic encephalon, in which
exactly half of the people agreed that it was easy to assem-
ble, while the another half disagreed. Regarding the virtual
encephalon, a significant group, 6 of the 16 participants,
agreed that it was easy to assemble, being that the most
of the subjects disagreed. This result is probably associated
with little experience in virtual reality, reported by most of
the people who participated in the experiment, 7 of whom
had never used it before and 5 used it only once.

Figure 9. Virtual and synthetic assembly ease.

E. Fun

Regarding the fun, participants also responded to a 5-point
Likert scale, related to the affirmative sentence “It was fun
to assemble the encephalon”. According to the Figure 10, it
is clear that the method, whether virtual or synthetic, was
considered fun by the subjects. In spite of this, the results
indicate that the use of virtual reality was even more fun
than the assembly of the synthetic parts, being that, in this

condition, 10 subjects fully agreed and 6 agreed, whereas in
the synthetic condition, 5 fully agreed and 11 agreed.

Figure 10. Participants’ opinion on the fun in the virtual and synthetic
encephalon assembly.

F. Discomfort

In order to evaluate if the virtual condition could cause
cybersickness, the affirmative sentence “The assembly of the
encephalon caused discomfort” was presented to the partic-
ipants. The subjects also responded to a 5-point Likert scale
with the options “totally disagree”, “disagree”, “neutral”,
“agree” and “totally agree”. The Figure 11 shows the results
of the participants’ answers, with the majority disagreeing
both in the synthetic and virtual conditions, with slightly
more disagreement in the virtual condition, which suggests
that the game is applicable without depletion for the players.

Figure 11. Participants’ opinion on the discomfort in the encephalon
assembly.

G. Usefulness

To verify the usefulness for neuroanatomy learning, in
the participants’ subjective opinion, the affirmative sentence
“The assembly of the human brain was useful for my
neuroanatomy learning” was presented. As shown in Figure
12, the vast majority of subjects fully agreed or agreed
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to the claim, while none of them disagreed and only two
considered themselves neutral. This opinion was confirmed
by the significant difference found between the performance
of the participants in the knowledge test applied before
(M=20.38) and after the experiment (C1 M=46.3 and C2
M=47.1), with no significant difference (t-test p=0.9572)
between the experimental conditions (Figure 13).

Figure 12. Participants’ opinion on the assembly of the encephalon for
the neuroanatomy learning.

Figure 13. Neuroanatomy knowledge test Box Plot: Pretest (PT), using
synthetic brain (ST) and using virtual brain (VR). The bold lines are the
medians and the boxes are interquartile bands with the result.

We found no significant difference in ease, utility and
discomfort between the assembly of the synthetic and virtual
encephalon. Regarding the degree of fun, the participants
considered the virtual condition more fun than the synthetic
one.

VII. CONCLUSIONS AND FUTURE WORK

In the recent past, the VR researchers and the industry
have based its development on interactive graphics and
visual simulation. Nowadays, the VR field is heavily in-
fluenced by video games, with the potential to affect a
greater audience. Based on this context, this article presents
the development and evaluation of the immersive serious

game to support the neuroanatomy teaching and learning
processes.

The evaluation compare the present teaching and learning
method, based on the use of a synthetic human encephalon,
with a proposed virtual version, that intend to motivate the
students trough the immersive serious game characteristics.
The results of the experiment with 16 participants suggest
that the game created is easy to use, even by subjects that are
inexperienced in VR, and is potentially useful for teaching
and learning processes. In addition, the game was considered
fun and did not cause discomfort, which is common in many
RV applications. Considering the results of the questionnaire
on the feeling of presence, a high average was obtained
(6.13), and for four of the six questions, averages above
6.3 were obtained (on a scale of 1 to 7, with 7 representing
the real sensation of being present in a certain place). In the
knowledge test, we found a significant difference between
the performance before (M=20.38) and after the experiment
(M=46.3 in condition C1 and M=47.1 in C2), what indicates
that the methods really contributes to the learning process.
The not significant difference between the experimental
conditions, evidenced that the virtual condition is equivalent
to the synthetic, the present method of learning used.

Overall, the results demonstrated a great potential for of
the immersive serious game in the learning process. How-
ever, we are wary of generalizing our results, as further study
is needed to determine whether such results will appear
in a more typical population and with other immersive
serious game. In future works, we intend to evaluate the
game with the different classes of neuroanatomy students,
considering a bigger sample and with different visualization
and interaction devices.
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ment of the influence of navigation control and screen size
on the sense of presence in virtual reality using eeg. Expert
Syst. Appl., 41(4):1584–1592, Mar. 2014.

[5] T. Donovan. Replay: The History of Video Games. Yellow
Ant, 2010.

[6] B. E. Insko. Passive Haptics Significantly Enhances Virtual
Environments. PhD thesis, 2001. AAI3007820.

[7] J. Lessiter, J. Freeman, E. Keogh, and J. Davidoff. A Cross-
Media Presence Questionnaire: The ITC-Sense of Presence
Inventory. Presence: Teleoperators and Virtual Environments,
10(3):282–297, 2001.

SBC – Proceedings of SBGames 2019 — ISSN: 2179-2259 Education Track – Full Papers

XVIII SBGames – Rio de Janeiro – RJ – Brazil, October 28th – 31th, 2019 934



[8] R. T. Llamas. Worldwide Augmented and Virtual Reality
Hardware Forecast, 20182022. 2018.

[9] A. Menin, R. Torchelsen, and L. Nedel. An analysis of
vr technology used in immersive simulations with a serious
game perspective. IEEE Computer Graphics and Applica-
tions, 38:57–73, 03 2018.

[10] E. F. d. S. Montero and D. J. A. Zanchet. Realidade virtual
e a medicina. Acta Cirurgica Brasileira, 18:489 – 490, 10
2003.

[11] L. Nedel, V. C. De Souza, A. Menin, L. Sebben, J. Oliveira,
F. Faria, and A. Maciel. Using Immersive Virtual Reality
to Reduce Work Accidents in Developing Countries. IEEE
Computer Graphics and Applications, 36(2):36–46, 2016.

[12] D. Rachevsky, V. Costa de Souza, and L. Nedel. Visualization
and interaction in immersive virtual reality games: a user
evaluation study. 11 2018.

[13] G. Riva, J. Waterworth, and D. Murray. Interacting with
Presence: HCI and the Sense of Presence in Computer-
mediated Environments. DE GRUYTER OPEN, jan 2014.

[14] M. J. Schuemie, P. Van der Straaten, M. Krijn, and C. Van
der Mast. Research on Presence in VR : a Survey. CyberPsy-
chology and Behavior, 4(2):183–201, 2001.

[15] D. Sjlie. Human brains and virtual realities: Computer-
generated presence in theory and practice, 05 2013.

[16] M. Slater. Grand Challenges in Virtual Environments. Fron-
tiers in Robotics and AI, 1:3, may 2014.

[17] M. Slater, A. Brogni, and A. Steed. Physiological responses
to breaks in presence: A pilot study. . . . Annual International
Workshop on Presence, (2002):4, 2003.

[18] M. Slater, M. Usoh, and A. Steed. Depth of Presence in
Virtual Environments. Presence: Teleoperators and Virtual
Environments, 3(2):130–144, 1994.

[19] M. Slater, M. Usoh, and A. Steed. Taking steps: The influence
of a walking technique on presence in virtual reality. ACM
Trans. Comput.-Hum. Interact., 2(3):201–219, Sept. 1995.

[20] V. Souza, D. Rachevsky, L. Nedel, K. Loges, E. Schlemmer,
and V. Costa de Souza. Demo: A virtual reality game for
neuroanatomy teaching and learning. 11 2018.

[21] M. Usoh, E. Catena, S. Arman, and M. Slater. Using presence
questionnaires in reality. Presence: Teleoperators and Virtual
Environments, pages 1–16, 2000.

[22] B. G. Witmer and M. J. Singer. Measuring Presence in
Virtual Environments: A Presence Questionnaire. Presence:
Teleoperators and Virtual Environments, 7(3):225–240, 1998.

[23] M. Zhang, Z. Zhang, Y. Chang, E. Aziz, S. Esche, and
C. Chassapis. Recent developments in game-based virtual
reality educational laboratories using the microsoft kinect.
International Journal of Emerging Technologies in Learning
(iJET), 13:138, 01 2018.

[24] M. Zyda. From visual simulation to virtual reality to games.
Computer, 38(9):25–32, Sept. 2005.

SBC – Proceedings of SBGames 2019 — ISSN: 2179-2259 Education Track – Full Papers

XVIII SBGames – Rio de Janeiro – RJ – Brazil, October 28th – 31th, 2019 935


