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Abstract.
The use of Virtual Reality (VR) headsets has rapidly expanded into various areas, going beyond entertainment and electronic
games. These devices provide immersive experiences that simulate three-dimensional environments, allowing for greater
user interaction and engagement. Given the growth of mobile VR, this study presents MiritiBoard VR, a low-cost headset
made from miriti, a plant native to the Amazon, focusing on sustainability, promotion of the local bioeconomy, and
geometry education for basic education students in Brazil. The device was used in the educational application GeoMeta,
enabling the visualization of 360-degree content, Augmented Reality, and gamification for geometry teaching. In order to
improve the user experience of the MiritiBoard VR, two prototypes with controllers were developed to offer more features
and comfort to the glasses, as it has limitations in mobility and interactivity. One prototype has a control integrated into
the viewer and the other uses an external GamePad, both connected via Bluetooth, which is housed inside the headset. The
evaluation, conducted using the System Usability Scale (SUS), showed that although the conventional model achieved
the highest overall score, the MiritiBoard with integrated control was the users’ preferred choice. The results indicate
that MiritiBoard VR offers an immersive experience comparable to more expensive devices, with potential for expansion
through new sensors. In addition to contributing significantly to mathematics education, the project reinforces responsible
consumption practices and supports the local Amazonian economy.
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1 Introduction
In the contemporary technological landscape, Virtual Reality
(VR) and Augmented Reality (AR) technologies are experi-
encing accelerated expansion across various sectors such as
medicine, engineering, business, and education [Zhao et al.,
2023]. The immersion and interactivity provided by these
tools offer disruptive potential for the teaching-learning pro-
cess, enabling the creation of more engaging, personalized,
and effective experiences [Ardiny and Khanmirza, 2018].
In education, VR headsets are used to facilitate the learning
of complex content, such as science and mathematics, by
offering 3D visualizations and interactive environments [Bo-
gusevschi et al., 2020]. Coupled with the expanded access
to smartphones, a global phenomenon that has profoundly
transformed how people communicate, access information,
and seek entertainment, mobile VR applications have become
increasingly popular with the advancement of mobile tech-
nologies and the greater availability of VR-compatible mobile
devices [Smith et al., 2011].

Mobile VR headsets function by connecting a smart-
phone to the headset, utilizing the device’s screens and sensors
to create immersive 3D experiences, where the user can inter-

act with virtual environments at a low cost [Cochrane, 2016].
The popularity of mobile VR headsets has increased due to
their accessibility, low cost, and ease of use, compared to more
advanced VR systems with dedicated devices, making their
use considerably more convenient and widespread [Papachris-
tos et al., 2017]. However, challenges such as acquisition
costs, equipment maintenance, and the demand for special-
ized content development for mobile devices still represent
barriers to the democratization of this technology, particularly
in countries with limited resources [Yeung et al., 2021], which
is the context of the Brazilian Amazon.

In this context, the educational technology company Inte-
celeri1 has developed the MiritiBoard VR headset2, a low-cost,
eco-friendly VR headset that stands out as an innovation in
the educational field. It is an Head-Mounted Display (HMD)
for mobile applications, constructed of miriti, a fiber extracted
from the buriti palm, a tree endemic to the Amazon region.
The device is part of the EduTech Amazon project3 and is

1https://inteceleri.com.br. Accessed: 8 January 2026.
2https://inteceleri.com.br/miritiboard-vr. Accessed: 8

January 2026.
3https://sites.google.com/gedu.demo.inteceleri.com.

br/projetoedutechamazon/o-projeto. Accessed: 8 January 2026.
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utilized in the educational application GeoMeta: Learn Ge-
ometry in the Metaverse, which incorporates VR technology
for teaching plane and spatial geometry in a gamified manner.
The application is available for free download on the Play
Store4.

However, this HMD currently presents certain limita-
tions in terms of mobility and interactivity, which represent
challenges to be overcome and opportunities for further re-
search and applications. Since the smartphone is housed
inside the MiritiBoard VR, its touchscreen becomes inac-
cessible for manipulation, rendering the use of a virtual joy-
stick impossible. The headset lacks any kind of buttons or
controllers, limiting its application to games and software
that utilize the smartphone’s gyroscope and accelerometer,
where navigation within the application is achieved through
the player’s body movements. The absence of dedicated con-
trols considerably restricts the user’s interaction with the vir-
tual environment, limiting the variety of possible actions. This
restriction directly impacts the gaming experience, making it
less dynamic and immersive, while also reducing the potential
to explore functionalities that require greater precision and
rapid response.

In this context, the prototype named MiritiBoard VR
with Integrated Controllers (MBIC) was developed. This
iteration incorporates two tactile buttons and an analog joy-
stick mounted on the sides of the headset. The developed
hardware was programmed using the ESP32 microcontroller
board, chosen for its integrated Bluetooth and Wi-Fi sensors,
high processing power, and low energy consumption. The
design required the addition of head-mounting straps to the
HMD to secure it to the user’s head, thereby freeing their
hands to operate the controls, and a soft-edged padding was
added to the areas contacting the player’s face for comfort.
Acknowledging that many commercial VR headsets utilize
controllers — both integrated and external — a usability com-
parison was conducted with a version employing an external
gamepad. This model, named MiritiBoard with External Con-
troller (MBEC), utilized the 8BitDo Ultimate 2.4g Wireless
GamePad. Both enhanced versions communicate to the smart-
phone via a Bluetooth connection. Since the use of controllers
is not feasible within the educational application GeoMeta,
it was necessary to test the controllers in other mobile appli-
cations. For this purpose, a specific virtual environment was
developed to conduct the quantitative usability tests.

To validate the developed adaptations, the impact of con-
trollers on the MiritiBoard VR compared to its conventional
version must be measured on the gaming experience using
User Experience (UX) techniques with a sample audience.
The tool employed in this work was the System Usability Scale
(SUS) method, a 10 item questionnaire. It was particularly
suitable for this application because it is simple and quick
to administer, preventing respondent fatigue. It possesses
high scalability, is used for a wide range of interactive system
evaluations, and is reliable, efficient, and widely accepted
by both academic and professional communities [Ng et al.,
2011]. The SUS score ranges from 0 to 100, facilitating the
comparison of different systems and product versions, in ad-

4https://play.google.com/store/apps/details?id=com.
Inteceleri.Geometa&pcampaignid=web_share. Accessed: 8 January
2026.

dition to allowing for an objective analysis of overall usability.
Furthermore, it enables heuristic evaluations, as its questions
allow for the correlation and inference of usability heuristics,
thereby enriching data analysis [Wahyuningrum et al., 2020].
It should be noted that the questionnaire used in data collec-
tion was a version translated into Portuguese and adapted to
the scenario in which it was applied, generating biases and
limitations in the results obtained, and not validated according
to the original scale.

This article is an extended version of the paper in Por-
tuguese entitled Integração de Periféricos no MiritiBoard VR:
Análise de Usabilidade e Preferências — Free translation to
english: Integration of Peripherals in MiritiBoard VR: Usabil-
ity and Preference Analysis — published in the proceedings of
the III Workshop on Interaction and Player Research in Game
Development (WIPlay 2024) [Oliveira Júnior et al., 2024].
The prior study describes a data collection conducted at a pub-
lic event, where visitors were invited to try the three versions
of the MiritiBoard set up on a table and to respond to an online
form. This form contained information about the research,
three preliminary questions, and the SUS questionnaire. The
results showed that the MBIC version (with integrated con-
trollers) had the best reception among respondents, with a
50% preference rate compared to the other models. How-
ever, the SUS score indicated the Conventional MiritiBoard
VR (MBC) as the highest-rated, achieving a score of 86.50,
though with a small margin over the other models, all of which
were also very highly rated.

This present work provides a more comprehensive ac-
count of the theoretical underpinnings, motivation and jus-
tification for the adaptations, a detailed description of the
prototyping process, a more in-depth discussion of the ob-
tained results, and new metrics were calculated based on the
collected data, a statistical treatment for the data, limitations
of the results obtained and future works. The primary con-
tribution of this article is the calculation of Nielsen’s heuris-
tics, which were inferred from the study, namely: Efficiency,
Learnability, Memorability, Error Prevention, and Satisfac-
tion. These provide additional, crucial usability information
that significantly contributes to hypothesis testing.

This work is structured into seven distinct sections: Sec-
tion 2 presents the background and theoretical foundation
for a better understanding of the remainder of the article.
Section 3 discusses works related to the article’s proposal,
examining applications of GamePads in mobile games and
usability evaluation using the SUS method. Section 4 outlines
the methodological path of the developed work, including the
tools used and data collection procedures. Section 5 addresses
the ethical considerations regarding data collection involving
human subjects. Section 6 discusses the results following data
analysis. Finally, Section 7 presents the article’s final con-
siderations, including the conclusion, limitations and future
perspectives.

2 Theoretical Background
2.1 Low-Cost Metaverse Applications
The Metaverse refers to a shared virtual space, created through
the confluence of VR and AR technologies, enabling users
to interact with each other in a more efficient and engaging

https://play.google.com/store/apps/details?id=com.Inteceleri.Geometa&pcampaignid=web_share
https://play.google.com/store/apps/details?id=com.Inteceleri.Geometa&pcampaignid=web_share


Innovations in Geometry Teaching with MiritiBoard VR 2.0 Glasses Carvalho et al., 2026

manner [Lemes et al., 2024]. This type of interaction has
the potential to radically transform project management and
decision-making processes, allowing for the integration of
this space into a wide range of contexts—from educational
settings to Industry 4.0 applications—by merging virtual and
physical environments to enhance efficiency and collaboration
among users [de Souza et al., 2025]. Furthermore, it has been
applied in professional training, flight simulators, healthcare
fields such as virtual therapies and surgeries, and even in
virtual tourism [Moline, 1997].

In the educational context, the Metaverse can currently
be employed in various ways, possessing the potential to trans-
form the notion of learning by making it more interactive, ef-
ficient, and engaging for the user [Brito and Medeiros, 2025].
This mode of utilizing such a space enables its users to de-
velop digital skills, as the interaction among multiple users
to solve more complex tasks fosters improved communica-
tion, collaboration, and autonomy. The tool requires a certain
level of independence from the user to learn and explore the
provided environments, further promoting self-directed en-
gagement [Guimarães et al., 2022].

However, despite its diverse scopes and application pos-
sibilities, the employment of the Metaverse in these contexts
still faces a series of challenges, both in its effective implemen-
tation and development. Among these difficulties, notable
issues include unequal access to digital technologies [Vianna
et al., 2024], difficulties in the reproduction of human ges-
tures and expressions by avatars, which limits the immersion
experience; the scalability of the virtual world, restricting the
number of users in the space without compromising connec-
tion to the Metaverse [Silva, 2023]; and finally, the high cost
of producing equipment necessary for immersion [da Silva
et al., 2023].

Overcoming these obstacles is crucial for AR and VR
technologies to reach their full transformative potential across
various sectors of society. In the Brazilian Amazon, riverside
communities face serious economic and social challenges
that prevent the population from enjoying basic rights such as
healthcare, education, and electricity, which directly impact
their educational deficit [Ferreira and Silva, 2021]. Inade-
quate infrastructure is one of the main barriers, with numer-
ous districts in these regions suffering from a lack of basic
resources such as internet access, technological equipment,
and essential educational materials, further contributing to
their isolation from the rest of the country [Batista et al.,
2021].

The pursuit of equity and inclusion in access to these
tools drives the development of more accessible devices [Pers-
son et al., 2015]. The need to address the demands of students
with disabilities, learning disorders, or those in socioeconom-
ically vulnerable situations justifies the creation of tools that
allow for the adaptation of content and pedagogical activities
to the individual needs of each student [Creed et al., 2024].
The use of technologies such as VR and AR, combined with
the principles of universal design developed by Ronald Mace
[Mace, 1998], can enable the creation of devices that offer
multiple means of representation, engagement, and expres-
sion, promoting the inclusion and active participation of all
students in the learning process [Al-Ansi et al., 2023].

2.2 Application of Miriti
The palm tree Mauritia flexuosa, commonly known as "buri-
tizeiro" or "miritizeiro," is a palm species typical of tropical
regions in South America, primarily found in the Amazon
and Cerrado biomes [Vieira, 2017]. The buriti palm is highly
adapted to wetland areas and is essential for local fauna and
riverine communities, which utilize its fruit (buriti), leaves,
and stem for nourishment and handicrafts [Amarante Jr et al.,
2015]. Its fiber, known as miriti, possesses specific physical
characteristics that allow for diverse applications. The plant
material’s low density, approximately 6× 10−2g/cm3, is a
direct result of the structural arrangement of oriented and
aligned cellulose fibers, earning it the nickname "the Styro-
foam of the Amazon" [Barbosa and Porfírio, 2021].

Today, miriti toys are recognized as an intangible cultural
and historical heritage of Pará, as established by State Law No.
7,433, sanctioned on June 30, 2010 [Ferreira Júnior, 2015].
This cultural manifestation originated in Abaetetuba, a city
located on the banks of the Tocantins River in Pará, and has
gained international prominence through the Círio de Nossa
Senhora de Nazaré, one of the largest religious celebrations
in the world. During the festival, miriti toys are widely sold
at fairs and stalls, solidifying their role as an essential part of
local popular tradition [da Silva et al., 2013].

After undergoing laboratory characterization, miriti has
revealed unique properties and proven to be a natural ma-
terial suitable for numerous structural and functional appli-
cations, with notable use in initiatives that promote both lo-
cal economies and environmental conservation [Santos and
Coelho-Ferreira, 2011]. In education, miriti holds significant
applications. It is used as didactic material in science educa-
tion, leveraging its physical properties, such as low density,
porosity, and photosensitivity, for experiments like buoyancy
studies in hydraulics and physical optics demonstrations [Tor-
res, 2021]. It is also integrated into pedagogical projects
aimed at teaching biodiversity, sustainability, and regional
culture, raising awareness among children and youth about
the importance of environmental preservation and the value
of local cultural traditions [Agostinho and Reis, 2024].

2.3 MiritiBoard VR
Aiming for sustainability and low cost, the MiritiBoard VR,
registered under the patent [Oliveira Júnior and Matos, 2019],
was developed as a mobile VR headset made from plant-based
material, promoting the bioeconomy and valorizing local cul-
ture. Developed in 2016 by Inteceleri, a startup specialized in
educational technologies, it is used in the company’s products,
such as the educational application GeoMeta, integrated into
the EduTech Amazon project. The VR device provides an
immersive experience to the user through the simple use of
a smartphone, which is attached to the viewer and functions
as the display for the VR experience. Its use also extends to
other VR applications, such as French language learning5,
as well as simulators, fairs, and exhibitions in public events.
Its application is not limited to the developer’s own prod-
ucts, broadening its potential use across diverse educational,
cultural, and interactive contexts.

When played with the aid of the MiritiBoard VR headset,

5https://bit.ly/3NsAeWI. Accessed: 8 January 2026.

https://bit.ly/3NsAeWI
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Figure 1. Front view of the schematic representation of the MiritiBoard
VR.

Figure 2. Rear view of the schematic representation of the Mir-
itiBoard VR

the GeoMeta application offers an immersive and interactive
experience within a 3D environment that applies geometric
shapes in various locations around the globe, utilizing pattern
recognition. The tool has been validated through its applica-
tion in several elementary schools, involving a sample group
of 343 students from eight public and private institutions
in Belém, Pará state [Estevam et al., 2024]. During these
sessions, a comparative evaluation was conducted between
the students’ prior knowledge and the knowledge acquired
after using the application. The results indicated a signifi-
cant improvement in the understanding of geometric concepts
across all participating schools, with an increase of up to
81.82% in scores between the initial and final assessments
[Oliveira Júnior et al., 2023]. In total, the EduTech Amazon
project has already impacted over 700,000 students across the
Brazilian Amazon, extending beyond the state of Pará [dos
Santos et al., 2023].

It’s feature replicability inspired by Google Cardboard,
a cardboard VR headset launched by Google in June 2014
[Fabola et al., 2015]. The MiritiBoard VR follows an open-
project approach, allowing anyone to download the compo-
nent templates, available in the footnote6, and build their
own device. To use it, only a smartphone equipped with
a gyroscope and accelerometer — essential sensors for the
immersive experience — is required. The phone is housed
within the headset, as demonstrated in the product presenta-
tion video provided in the footnote7. It offers students and
teachers immersion in various virtual environments, making
learning more dynamic, interactive, and engaging.

The material used for producing the headset originates
from Marajó Island, and its manufacturing is carried out in
the municipality of Abaetetuba, both in Pará. Its design is
inspired by rustic toys and consists of thirteen flat pieces
of miriti that are cut, sanded, and glued together using hot
glue. These pieces connect to form a device that, when com-
bined with a smartphone and a VR application, enables the
VR experience. The manual construction of the MiritiBoard
VR stimulates users’ creativity and autonomy. In addition
to sustainability and accessibility, the MiritiBoard VR offers
other advantages such as water resistance — it can be wetted

6https://bit.ly/4sOGZCn. Accessed: 8 January 2026.
7https://youtube.com/watch?v=EiHYu7XVGcE. Accessed: 8 Jan-

uary 2026.

without damage -customization, allowing users to paint and
decorate it with materials of their choice, and easy mainte-
nance, as any damage can be repaired in a practical, safe, and
economical manner. It aims to innovate the classroom by
using raw materials that are closely tied to the daily lives of
people in the Amazon region.

The aforementioned eco-friendly headset, depicted from
the front in Figure 1, consists of a front lid (2) equipped
with a Velcro strap (3) to fasten it to the upper part of the
headset (1). This front lid (2) features a compartment (4) for
housing the smartphone. The rear section, shown in Figure 2,
includes a contoured edge (5) designed for ergonomic contact
with the face and two biconvex lenses (6) with a diameter
of 25 mm. With dimensions of 15 cm × 9 cm × 9 cm and
a lightweight structure, the MiritiBoard VR is compatible
with most iOS and Android smartphones ranging from 4.7
to 5.2 inches. Beyond its applications in entertainment and
events, the MiritiBoard VR aims to transform the teaching of
mathematics and geometry, innovating the classroom through
the use of raw materials native to the Amazon.

2.4 Challenges
In the context of mobile games, avatar control and in-game
navigation have traditionally been managed through virtual
controls—an interface that simulates the functions of a physi-
cal controller on a touch-sensitive screen [dos Santos, 2022].
However, this system is unfeasible for VR games where the
device is attached to a headset, as is the case with the Mir-
itiBoard VR, where the smartphone is housed in the front
lid, illustrated in Figure 1. This configuration is because the
player cannot access the phone’s screen to manipulate the
virtual joystick. Consequently, this VR headset is designed
for applications that utilize the smartphone’s gyroscope and
accelerometer, where navigation is achieved through a reti-
cle at the center of the screen. The player selects objects by
focusing on them through movement of the torso or neck.

With the advancement of mobile devices, dedicated con-
trollers and other peripherals for smartphones have emerged,
enriching the gaming experience. An inspiring example is the
Samsung Gear VR model8, a mid-cost VR headset developed
by Samsung in partnership with Oculus, launched in 2015.

8https://www.samsung.com/br/support/model/
SM-R323NBKAZTO/. Accessed: 8 January 2026.

https://bit.ly/4sOGZCn
https://youtube.com/watch?v=EiHYu7XVGcE
https://www.samsung.com/br/support/model/SM-R323NBKAZTO/
https://www.samsung.com/br/support/model/SM-R323NBKAZTO/
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Similar to the low-cost models previously discussed, it used
a Samsung smartphone housed within it as both display and
processor, offering an accessible VR experience for users of
the brand’s phones. It featured multiple strap adjustments for
secure fitting and an integrated touchpad on the right side of
the headset itself, allowing users to navigate menus, along
with "back" and volume control buttons. These were con-
nected to the phone via a physical micro-USB or USB-C
cable, depending on the phone model. Several updates were
released for the Gear VR to improve comfort, most notably
the integration of an external Bluetooth controller in 2017 to
enhance gameplay [Tranton, 2016].

The integration of controllers into the MiritiBoard VR
faces several inherent limitations of the viewer, which are also
shared with its inspirational model, the Google Cardboard.
These include comfort-related issues associated with the use
of the headset: the device, with the smartphone housed inside,
has considerable weight, and the user must support the entire
assembly with both hands. This can lead to arm fatigue and
exhaustion during extended sessions, as the device lacks any
form of head strap or secure fixation. Additionally, discomfort
arises from the splinter-prone nature of the miriti fiber, which
contacts the user’s face and may cause irritation or minor
injuries due to its rough texture, further hindering prolonged
usage. These limitations impair navigation in complex virtual
environments and the execution of tasks requiring greater
physical interaction, resulting in reduced user engagement.
Players may choose to engage only for shorter periods, ul-
timately compromising the effectiveness of the application
across educational, commercial, and entertainment contexts.

Consequently, there is a clear need to adapt controllers
to the HMD to enhance gameplay and immersion in the VR
experience, while also addressing inconveniences such as
the lack of secure fastening and facial discomfort. For the
successful integration of controllers, it becomes imperative
to improve the comfort and stability of the headset during
use, ensuring a more convenient and extended gameplay ex-
perience, thereby increasing user retention. Given the two
primary options for controllers — integrated in the HMD or
external — a usability study is essential to determine which
alternative is more convenient and better accepted by players
within a specific sample. User Experience (UX) techniques
will be applied to quantitatively measure and compare both
options.

2.5 Usability Evaluation
The method employed to measure which of the three models is
most accepted by users was the System Usability Scale (SUS)
algorithm. The SUS score is a widely used metric to evaluate
the usability of a system, interface, or digital product [Grier
et al., 2013]. Developed by John Brooke [Brooke, 1996], the
scale consists of 10 multiple-choice questions where users
indicate their level of agreement using a Likert scale rang-
ing from 1 to 5, with the lowest extreme meaning "strongly
disagree" and the highest extreme meaning "strongly agree."

Indeed, it is a widely used usability evaluation tool de-
signed to measure the ease of use of products, systems, and
interfaces. It is regarded as a rapid, effective, and economical
method for obtaining feedback on usability and is extensively
applied across various fields, including software development,

product design, and human-computer interaction research
[Boucinha and Tarouco, 2013].

The odd-numbered questions present positive statements
about the system’s usability, while even-numbered questions
present negative statements. This alternation between positive
and negative assertions helps mitigate response bias by ensur-
ing participants thoughtfully evaluate each item rather than
providing automatic or patterned answers. The ten statements
are as follows:

1. I think I would like to use this system frequently.
2. I found the system unnecessarily complex.
3. I found the system easy to use.
4. I think I would need the help of a person with technical

knowledge to be able to use the system.
5. I thought that the various functions of the system were

well integrated.
6. I thought there was a lot of inconsistency in the system.
7. I imagine that most people would learn to use this system

quickly.
8. I found the system very complicated to use.
9. I felt very confident using the system.

10. I had to learn a lot of new things before I could use the
system.

For the odd-numbered questions (1, 3, 5, 7, 9), subtract
1 from the score given by the user. For the even-numbered
questions (2, 4, 6, 8, 10), subtract the user’s score from 5.
Then, sum all the adjusted values and multiply the total by
2.5, resulting in a final score ranging from 0 to 100. This
score does not represent a percentage but rather a usability
index, where values above 80.3 indicate excellent usability,
scores between 68 and 80.3 suggest good usability, and scores
below 68 point to potential usability issues. The final score
for the prototype is calculated using Equation 1, where Xi

and Xj represent the Likert scale scores for the odd and even
numbered questions, respectively.

SUS =

 ∑
i=odd

(Xi − 1) +
∑

j=even

(5−Xj)

 · 2.5 (1)

The indexes i and j are given by

i = {1, 3, 5, 7, 9}, j = {2, 4, 6, 8, 10}.

And the variables Xi and Xj vary as follows

1 ≤ Xi, Xj ≤ 5, Xi, Xj ∈ N.

However, the SUS questionnaire used for data collec-
tion in this study is not the original list described by Brooke,
which was created in British English. Instead, it is an ad-
hoc translation into Brazilian Portuguese with adaptations
tailored to the specific context of this research, as will be
detailed further in subsection 4.6. Language changes and
cross-cultural adaptations can introduce biases and affect the
SUS score, as explored in the work of [Lourenço et al., 2022],
where a version of the SUS was translated into Brazilian Por-
tuguese following a cross-cultural translation methodology
and validated by experts.
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Figure 3. Flowchart of the methodology.

Based on the SUS questionnaire, it is possible to corre-
late and infer usability heuristics. The Nielsen’s Heuristics
are a set of principles developed by Jakob Nielsen in 1990
[Nielsen and Molich, 1990], which introduced five usability
goals and eight heuristics. These were later expanded to ten
heuristics in subsequent work [Nielsen, 1994]. The goals
represent abstract objectives, while the heuristics serve as
concrete tools for achieving these goals, guiding the evalua-
tion of interface usability. These tools assist designers and
developers in identifying and addressing UX issues through
metrics and principles. The heuristics are not rigid rules but
rather guidelines that facilitate the development of intuitive
and efficient interfaces. Each question in the SUS can be asso-
ciated with one or more heuristics, helping to pinpoint which
aspects of the interface require improvement. The usability
goals are listed below.

1. Efficiency
2. Learnability
3. Memorability
4. Error Prevention
5. Satisfaction

These 5 metrics will be quantified based on the answers
to the SUS questionnaire and the correlations shown in Table
1, which will be normalized to a score from 0 to 100 according
to the equations below:

Learnability =
Q3 +Q4 +Q7 +Q10

16
× 100

Efficiency =
Q5 +Q6 +Q8

12
× 100

Memorability = Q2 × 25

Error Prevention = Q6 × 25

Satisfaction =
Q1 +Q4 +Q9

12
× 100

Given that the SUS score and questionnaire are powerful
tools for obtaining information about usability, with the infer-
ence of heuristics, we will use them as an evaluation method
for the developed prototypes.

Table 1. Correlation between Nielsen’s Usability Objectives and
SUS Questions.

Usability Objective Correlated SUS Ques-
tions

Learnability Question 3, Question 4,
Question 7, Question 10

Efficiency Question 5, Question 6,
Question 8

Memorability Question 2
Error Prevention Question 6

Satisfaction Question 1, Question 4,
Question 9

3 Related Work
The present section introduces related work concerning the
use of the SUS for usability analysis of VR applications ar-
tifacts and their peripherals. These studies yield insightful
results regarding the use of low-cost AR and VR devices for
the digital inclusion of diverse users.

In this context, research on low-cost headsets and open-
source/3D-print projects has been seeking to make VR more
accessible, while also evaluating ergonomics and usability.
In this regard, an important milestone was the release of the
Google Cardboard specifications, which standardized opti-
cal parameters and integrated buttons into the headset itself,
enabling interaction without external controllers while also
guiding compatible projects through a viewer profile [Perla
and Hebbalaguppe, 2017].
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Regarding design and low-cost smartphone-based
HMDs, there are proposals that explore the architecture and
performance/ergonomics trade-offs, such as the smartphone
HMD prototype by Lee et al. [2020], as well as a low-cost
HMD design that uses the phone as a display module in Olson
et al. [2011]. Beyond the CardBoard ecosystem, modular and
3D-printable HMDs have emerged, such as VEGO, which
adopts modularity, adjustable IPD, and reproducible parts,
aiming at cost reduction Hazarika and Rahmati [2023].

Regarding usability/ergonomics evaluation, works such
as Papachristos et al. [2017], which through comparative stud-
ies between premium headsets and low-cost mobile solutions,
such as Oculus Rift vs. mobile headsets, indicated that in
certain educational scenarios there were small differences in
satisfaction and learning, suggesting that low-cost platforms
are viable when the content and tasks are appropriate.

Similarly, in Mehrfard et al. [2019], reviews and com-
parative analyses of HMDs highlight metrics such as comfort,
neck fatigue, heating, and readability, which are useful for
guiding hardware evaluations. In mobile VR environments,
studies using SUS demonstrated acceptable usability for tours
and educational experiences, reinforcing that the physical
design of the headset and ease of use directly influence the
experience Othman et al. [2022].

In agreement with these works, MiritiBoard VR cus-
tomizations stands out by integrating tactile buttons and a
joystick directly into the headset, eliminating the need for
external controllers and offering improved ergonomics with
simple adjustments and comfortable materials. Unlike Card-
board, which is limited to a single button, MiritiBoard proto-
types here presented expands interaction possibilities while
maintaining low cost and ease of assembly, addressing the
usability and comfort gaps highlighted in the literature.

4 Methodology
The study’s methodology involved the development of a cus-
tomized prototype of the MiritiBoard VR to integrate con-
trollers directly in the headset and enable customization with
peripherals. To validate the developed prototype, a usability
comparison was conducted between the unmodified conven-
tional MiritiBoard VR (MBC), the version with integrated
controllers (MBIC), and the version with an external gamepad
(MBEC), with each prototype offering a distinct approach to
navigation and interaction within the virtual environment. For
this usability study, it was necessary to create an open-world
game to ensure adequate immersion in the virtual environ-
ment when using controllers, as well as to adapt mounting
solutions for improved comfort. The flowchart summarizing
the adaptations addressed in this section is presented in Figure
3.

4.1 Comfort Adaptations
To increase comfort, an EVA (Ethylene Vinyl Acetate) rubber
edge, a soft polymeric material, was added around the areas in
contact with the face, as illustrated in Figure 4. Two alterna-
tive fastening solutions were then proposed: the first consists
of an adjustable strap that wraps around one hand, securely
fixing the headset and allowing the player to move with greater
stability, as shown in Figure 5. The second solution involves
a strap that encircles the player’s head, as illustrated in Figure

6, eliminating the need to hold the headset and smartphone,
enabling longer gaming sessions without causing fatigue and
freeing the hands for the use of a GamePad or other devices
for interaction within the virtual environment. The develop-
ment of such control devices will be detailed in the following
subsections.

Figure 4. EVA edge in the area
of contact with the face.

Figure 5. Side hand strap.

Figure 6. Fastening straps around the head.

4.2 MBIC prototyping
To ensure smooth interaction in the virtual environment, two
tactile buttons were installed, functioning as selection and
menu return commands, along with an integrated analog joy-
stick module that allows the user to move within the virtual
space, mounted on opposite sides of the headset. The prototyp-
ing of these components integrated into the HMD was carried
out with the ESP32 WROOM-32 microcontroller board, re-
sponsible for processing user inputs and handling Bluetooth
communication with the smartphone. This board was cho-
sen for its low cost, low power consumption, versatility, and
high processing power, featuring a 32-bit Xtensa LX6 CPU,
superior to the 16-bit Arduino, and designed for IoT (Internet
of Things) applications with native Wi-Fi and Bluetooth sup-
port. Communication between the ESP32 and the peripherals
occurs through jumper cables, connecting the essential com-
ponents required for the operation of the integrated controller.

The Figure 9 illustrates the circuit of the MiritiBoard
with Integrated Control (MBIC), assembled in the Wokwi soft-
ware. This is an online platform for simulating and program-
ming digital projects, allowing the creation and simulation
of electronic circuits, as well as the programming of micro-
controllers such as Arduino, ESP32, ESP8266, among others.
The circuit was powered by two 3.7 V lithium batteries with
a capacity of 1200 mAh, providing sufficient autonomy for
extended sessions without interruptions. The programming
of the microcontroller board was carried out in the Arduino
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IDE software using C++, available at the bottom of this page
9, with this code controlling the previously defined peripheral
functions, and its logic being represented by the pseudocode
in 1.

It is also worth highlighting the use of the BleGamePad
library 10, which is essential for the operation of the MBIC.
This library acts as an intermediary between the buttons and
the analog joystick connected to the device, translating their
inputs into encoded commands and sending them via Blue-
tooth. In this way, it enables an efficient interface between
the user and the computer, ensuring a smooth and intuitive
experience. Furthermore, thanks to its implementation, the
MiritiBoard becomes a plug-and-play device, meaning it can
be used immediately on any Bluetooth-enabled smartphone
without the need for additional configuration.

Algorithm 1 Pseudocode for MBIC control
Start serial communication
Set CPU frequency to 8 MHz
Disable Wi-Fi
Configure button and hat pins as inputs with pull-up
Start gamepad
Disable automatic reporting on the gamepad
while gamepad connected do

Read analog values of X and Y
Map values to the range of 0 to 32737
Update gamepad "thumb" movement
for each hat button do

if hat button pressed then
Update direction on gamepad

else
Reset hat to center position

end if
end for
for each physical button do

if button pressed then
Press button on gamepad

else
Release button on gamepad

end if
end for

end while

With the circuit assembled and tested, the physical struc-
ture of the MBIC was designed to ensure comfort and stability
during use. The circuit and peripherals were mounted on the
MiritiBoard with an EVA rubber edge and head-encompassing
fastening straps. The selection buttons were positioned on
the right side of the display, the analog joystick on the right
side, the ESP32 board was fixed between the Velcro and the
joystick, and the battery was attached to the front cover, as
shown in Figures 7 and 8. All these components were secured
using hot glue, with the jumper wires routed through drilled
holes.

The arrangement of the side controllers and the use of
9https://github.com/joaofmcarvalho/

C-digo-Placa-ESP32/blob/main/esp32.cpp. Accessed: 8 Jan-
uary 2026.

10https://github.com/lemmingDev/ESP32-BLE-Gamepad. Ac-
cessed: 8 January 2026.

head-encompassing fastening, due to the additional weight of
the modifications, make it more convenient to ensure stability
and comfort. In this way, the MBIC seeks to provide enhanced
navigation and intuitive interaction, combining electronic
prototyping with an ergonomic design adapted to the user’s
needs.

Figure 7. Front view of the MBIC.
Figure 8. Rear view of the
MBIC.

Figure 9. MBIC Circuit

4.3 External control used
For the usability study, it was considered appropriate to com-
pare the developed model with one using an external con-
troller, since other VR headset products have implemented
both possibilities. The MiritiBoard with External Control
(MBEC) makes use of the 8BitDo Ultimate 2.4 GHz GamePad
Joystick in black color, connected via Bluetooth to the smart-
phone, which is attached to the headset during gameplay, as
shown in Figure 10.

This controller was selected due to its extensive battery
autonomy of up to 15 hours, enabling long, uninterrupted us-
age sessions; its Bluetooth connectivity capability with smart-
phones; and its intermediate cost coupled with satisfactory
quality [Maggiorini et al., 2019]. These characteristics make
it an excellent choice for prolonged immersion in virtual en-
vironments, offering both practicality and high-performance
functionality.

Furthermore, users may employ other types of Bluetooth
controllers can be used according to the user’s preference
or availability in terms of reproducibility of the work, such
as console joysticks the player may already have at home,

https://github.com/joaofmcarvalho/C-digo-Placa-ESP32/blob/main/esp32.cpp
https://github.com/joaofmcarvalho/C-digo-Placa-ESP32/blob/main/esp32.cpp
https://github.com/lemmingDev/ESP32-BLE-Gamepad
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like PlayStation and Xbox controllers, which were also tested
during the development of the compatibility tests. In this
configuration, the user employs both hands, making proper
fastening of the VR headset essential, using the MiritiBoard
VR with head-encompassing straps (Figure 6), to ensure effi-
cient manipulation of the controller.

Figure 10. External control used in MiritiBoard VR.

4.4 Customized virtual environment for
testing

To conduct the field test with users of the developed prototypes
and their quantitative usability evaluation, it was necessary
to develop an immersive virtual environment suitable for the
experiment. The GeoMeta application, adapted for use with
the MiritiBoard VR, restricts interaction to a single avatar
with movements controlled by the smartphone’s gyroscope,
which detects the player’s torso or neck movement, moving
the camera within the 3D environment. Object selection and
navigation are performed through a crosshair at the center of
the screen, which the player focuses on the object of interest;
a circular 2-second visual timer then triggers the selection if
the target remains in focus long enough.

However, with the need to expand gameplay and test the
integration of controllers into the headset, this game becomes
impractical, as it does not support external physical devices.
Given this limitation, a virtual environment was developed
that properly supports controller integration. This game was
created in the Unity development environment, a widely used
platform for building interactive 3D experiences, using ready-
made assets available online that provide good compatibility
with external controllers, such as GamePads, and customized
to make the artistic elements resemble GeoMeta equipped
with controllers. This version allows free movement, where
the player can freely explore a virtual open-world city (Figure
11) with GeoMeta elements (Figure 12), including vehicle
traffic, squares, buildings, and other landscape features that
enrich the immersive experience. This game can be down-
loaded from the footnote 11. Other free open-world games
that responded to the developed controllers were also tested
during the public demonstration, but these were not used in
the quantitative usability tests.

11https://drive.google.com/drive/folders/
1olBrA9tAKVJhQHTM9B2vh2jy3V6ZVRAl?usp=drive_link. Accessed:
8 January 2026.

Figure 11. Map overview in perspective.

Figure 12. Matheus character at the gameplay start location.

4.5 Test Group
The test group was composed of visitors to the booth of Inte-
celeri at the 76ª reunião anual da Sociedade Brasileira para
o Progresso da Ciência (SBPC) 12, which took place on the
campus of the Universidade Federal do Pará (UFPA; Fed-
eral University of Pará) from July 8 to 12, 2024 in the city
of Belém. The visitors consisted of people of different ages,
genders, and education levels. Many of the visitors were un-
dergraduate students from UFPA, but there was also a large
number of elementary school students from the municipal
public education system who were on field trips.

No demographic data of the visiting public was collected,
but it was observed that the group consisted of people with
varying ages and educational backgrounds. A considerable
portion were adults with little familiarity with technology,
or minors for whom data collection was not feasible due to
ethical reasons. There was an equivalent representation of
male and female participants. Overall, the majority of re-
spondents were undergraduate students from the institution
where the data collection took place. This population largely
consisted of young adults in their twenties, with extensive
exposure to and familiarity with technology. Moreover, as
higher education students, they had an advanced educational
level compared to the general Brazilian population, consider-
ing that the enrollment rate of recent high school graduates in
higher education in Brazil is 27%, according to INEP’s 2023
Higher Education Census [Chiarini et al., 2024].

The Inteceleri booth was located inside the Gamer Arena,
where other game and simulator booths were arranged linearly,
which visitors went through one by one, receiving a stamp in
the guidebook they were given by the reception staff. Upon
arriving at the testing booth, visitors encountered the three
prototypes to be evaluated on a table and, with the assistance
of the project’s researchers, were able to freely try all three
versions. The MBC was used with the original version of
GeoMeta, while for the others, visitors were invited to play
the open-world version using the prototypes with head straps
and controllers, MBIC and MBEC.

12https://ra.sbpcnet.org.br/76RA/. Accessed: 8 January 2026.

https://drive.google.com/drive/folders/1olBrA9tAKVJhQHTM9B2vh2jy3V6ZVRAl?usp=drive_link
https://drive.google.com/drive/folders/1olBrA9tAKVJhQHTM9B2vh2jy3V6ZVRAl?usp=drive_link
https://ra.sbpcnet.org.br/76RA/
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The data on the use of the prototypes are presented in
Section 6, where Figure 16 shows the intersection chart of the
groups of prototype users, since visitors could test one, two,
or all three prototypes in a randomized, non-uniform order.
This order sampling factor may have introduced unquantified
biases in the responses.

At the end of the exhibition, players over 18 years old,
who demonstrated sufficient educational background and cog-
nitive ability to interact with the prototypes, as well as famil-
iarity with technology and smartphone use to access the form,
were invited to complete an online questionnaire. This was
facilitated by the researchers through a QR code printed on
an A4 sheet placed on the table where the prototypes were
displayed, which could be accessed using a mobile phone cam-
era. Since only about one in every four visitors, on average,
completed the questionnaire, it is estimated that more than
200 people visited the booth where the study was conducted.
Many chose not to participate, particularly those with lower
educational levels and limited familiarity with technology,
who showed low adherence.

Figure 13. Visitor playing with MBEC.

4.6 Data collection
The data were collected through an online questionnaire in
Brazilian Portuguese, created using the Google Forms plat-
form 13, available in the footnote of this page, and composed
of four sections.

The first page presents information about the purpose
of the questionnaire, which is to collect data related to the
use of the MiritiBoard VR prototypes, which are customized
models designed for use with controllers. In the second sec-
tion, participants were invited to either consent or decline
to participate in the study after reading the Termo de Con-
sentimento Livre e Esclarecido (TCLE; Informed Consent
Form), which is detailed in Section 5, addressing the ethical
considerations. It also provides information regarding the
number of questions, the average time required to complete
the form, and clarification that participation was voluntary
and unpaid.

The third section of the questionnaire, titled “Information
about your evaluation”, contains three questions:

1. Which headset did you use?
13https://forms.gle/ixM5bn7RQVjfuqhu5. Accessed: 8 January

2026.

2. Which headset will you evaluate?
3. If you used more than one headset, which one did you

prefer to use?

The available response options for these three questions
were the three prototypes available for testing at the event:
MiritiBoard GamePad (integrated controller), MiritiBoard
VR with external controller, and MiritiBoard VR. Only the
first question included an image of the three prototypes, as
illustrated in Figures 14 and 15.

Figure 14. First question of section 3 in the form.

In the fourth section, participants answered the SUS us-
ability questionnaire. This consisted of 10 statements adapted
from those presented in Subsection 2.5, which are listed be-
low:

1. I’d like to wear the glasses in my day-to-day life.
2. I found the glasses unnecessarily complex.
3. I found the glasses easy to use.
4. I think I would need technical support to use the glasses.
5. I found that the various functions of the glasses were

well integrated.
6. I noticed a significant inconsistency in using the glasses

and/or its controls.
7. I imagine most people would learn to use the glasses

very quickly.
8. I found the glasses very complicated to use.
9. I felt very confident using the glasses.

10. I had to learn many things before I could start using the
glasses.

Since the data collection was carried out with lusophone
speakers, and was not directed at a system, but rather at a VR
headset, which is a physical artifact, the authors deemed it
necessary to make changes regarding Brooke’s original ques-
tionnaire presented in Section 2.5. The version used in Por-
tuguese and the validated consensual version translated into
Brazilian Portuguese presented in [Lourenço et al., 2022] can

https://forms.gle/ixM5bn7RQVjfuqhu5
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be accessed and compared in the footnote 14, where the word
system is replaced by headset, and minor phrasing changes
were made without altering the question’s intention.

The process was carried out anonymously, without col-
lecting any identifying information. The average time taken
to fill in the form was estimated at five minutes. A total of 63
responses were obtained.

Figure 15. Second and third questions of section 3 in the form.

4.7 Data Processing
The data from the Google Forms questionnaire were grouped
and exported into a Google Sheets spreadsheet, saved as a
Google Drive file. Using this file in .csv format as input, the
SUS usability results were calculated in Google Colab, which
can be accessed in the footnote 15, where a Python code was
executed in an online compiler, generating the SUS score and
Nielsen Heuristics as output. The SUS calculation code was
original, based on the equations from [Brooke, 1996] and
various manuals available online.

First, the initial Python code uses the pandas library to
load and process a CSV file named "miritiboard-sus.csv",
available in the footnote 16, which contains data collected
through Google Forms and stored in Google Sheets. This file
is then imported into Google Colab as input data for the equa-
tions described in subsection 2.5 related to usability, includ-
ing the SUS score and the evaluation according to Nielsen’s
Heuristics.

A statistical analysis was also carried out to demonstrate
the consistency of the collected data. It was developed in
Python on Google Colab in a separate code, using the same
.csv file as input. The calculated statistical parameters and
their corresponding plots can be viewed at the Google Co-
lab link available in the footnote 17, which will be further
described in Section 6, dedicated to the discussion of the

14https://docs.google.com/spreadsheets/d/
1xkFDxWvRnIsGGa3auKPRkMcGpNqHqunVOfL9UGENWw8/edit?usp=
sharing. Accessed: 8 January 2026.

15https://colab.research.google.com/drive/1_
zmlfazzWPWzVnfg-8kXsx9_3nbxpwda?usp=sharing. Accessed:
8 January 2026.

16https://docs.google.com/spreadsheets/d/
1MOUGiscH9OlzkmaK8a6NQmqbbuXNW2V3wpDI5qXqR70/edit?usp=
sharing. Accessed: 8 January 2026.

17https://colab.research.google.com/drive/
1gC8HzrjD9v-PI1h1PMJNVm1ZgyHRuznq?usp=sharing. Accessed: 8
January 2026.

obtained results.

5 Research Ethics
The data collection was conducted through a form created on
the Google Forms platform, where the first page contained the
Free and Informed Consent Form (TCLE the acronym in por-
tuguese). Information regarding the test group is described in
subsection 4.5. Participants aged 18 and older were invited to
read and either accept or decline the terms before proceeding
to the usability questions in the form. In the TCLE, partic-
ipants were fully informed that they were taking part in a
research study. They received details about the study’s objec-
tives, potential risks and benefits, the project associated with
the research, the identification and address of the researchers,
contact phone number and email, assurance of transparency
and respect for privacy, and confirmation that their responses
would be handled in accordance with the Brazilian General
Data Protection Law, the Lei Geral de Proteção de Dados
(LGPD). The research project involving human subjects was
submitted to and approved by the Research Ethics Commit-
tee, the Comitê de Ética em Pesquisa (CEP), possessing a
Certificate of Ethical Appraisal Presentation, Certificado de
Apresentação de Apreciação Ética (CAAE) under number:
85196124.7.0000.0018.

The responses to the form were collected anonymously
and without identification. No personally identifiable or con-
tact information, such as name, email, phone number, or sen-
sitive personal details including age, address, national ID
(RG the acronym in portuguese), or tax number (CPF the
acronym in portuguese), was gathered. The study did not
involve significant health risks to participants, such as electri-
cal or mechanical hazards. However, during the VR gaming
experience, certain potential risks could arise, such as cy-
bersickness—a condition similar to motion sickness caused
by prolonged exposure to digital environments, including
computer screens, smartphones, virtual reality, or electronic
games [Ramaseri Chandra et al., 2022]. This condition may
lead to disorientation, eye strain, and an increased risk of falls
or accidents.

6 Results and Discussion
The highest-rated model in the SUS score was the conven-
tional MiritiBoard VR, the MBC. It is worth noting that this
version received a low number of responses, with only 10
(16.4%) opting to evaluate it, resulting in a sample size dis-
proportionate to the other models. Among the customized
prototypes, the best-rated was the MBIC, preferred by 50%
of respondents. The results of the three questions in Section
3 of the form, which address the information preceding the
SUS usability evaluation, are detailed below.

The first question in this section of the questionnaire was:
"Which headset(s) did you use?". Which 35 (56.5%) used
the MBC, 33 (53.2%) tested the MBIC (Figure 7), and 30
(48.4%) tried the MBEC (Figure 10), out of a total of 62 re-
sponses, where only one respondent to the SUS questionnaire
of the 63 responses did not declare which glasses were used,
and this response was discarded.

The Venn diagram available in Figure 16 illustrates the
intersections among these three groups, indicating how many

https://docs.google.com/spreadsheets/d/1xkFDxWvRnIsGGa3auKPRkMcGpNqHqunVOfL9UGENWw8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xkFDxWvRnIsGGa3auKPRkMcGpNqHqunVOfL9UGENWw8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xkFDxWvRnIsGGa3auKPRkMcGpNqHqunVOfL9UGENWw8/edit?usp=sharing
https://colab.research.google.com/drive/1_zmlfazzWPWzVnfg-8kXsx9_3nbxpwda?usp=sharing
https://colab.research.google.com/drive/1_zmlfazzWPWzVnfg-8kXsx9_3nbxpwda?usp=sharing
https://docs.google.com/spreadsheets/d/1MOUGiscH9OlzkmaK8a6NQmqbbuXNW2V3wpDI5qXqR70/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1MOUGiscH9OlzkmaK8a6NQmqbbuXNW2V3wpDI5qXqR70/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1MOUGiscH9OlzkmaK8a6NQmqbbuXNW2V3wpDI5qXqR70/edit?usp=sharing
https://colab.research.google.com/drive/1gC8HzrjD9v-PI1h1PMJNVm1ZgyHRuznq?usp=sharing
https://colab.research.google.com/drive/1gC8HzrjD9v-PI1h1PMJNVm1ZgyHRuznq?usp=sharing
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individuals used one, two, or all three prototypes. Specifically,
10 people tested both the MBIC and the MBC, 9 people used
the MBEC and the MBC, 1 person tried the MBIC and the
MBEC, and only 8 respondents experienced all three models.
Of the total 62 respondents, 34 (54.8%) used only one of the
three models, while 28 (45.2%) used two or three models.

The second question was answered by 61 respondents:
“Which headset will you evaluate?” Accordingly, 28 (45.8%)
evaluated the MBIC, indicating a majority preference for this
model. In comparison, 23 (37.7%) evaluated the MBEC,
showing that there was also significant interest in this model.
On the other hand, only 10 (16.4%) evaluated the MBC, as
illustrated in Figure 17. These data help to understand which
models were more popular or preferred during the study and
provide insights into participants’ acceptance and interest
regarding the different types of VR headset models.

Finally, 54 participants answered the third question: “If
you used more than one headset, which one did you like us-
ing the most?” Among them, 27 (50%) preferred the MBIC,
which likely stood out for offering a more direct and intu-
itive experience in the virtual environment. Meanwhile, 19
(35.2%) opted for the MBEC, highlighted for enabling more
comfortable and freer navigation, although it did not reach
the same preference level as the integrated control model.
Eight participants (14.8%) showed a preference for the MBC.
These values are illustrated in the chart in Figure 18. This
latter model, being the simplest and with fewer features com-

Figure 16. Venn diagram containing the answers to the first question, about
which headsets were used.

Figure 17. Values and percentages of the answers to the second question,
about which headsets were evaluated.

pared to the others, was less attractive to those who had the
opportunity to try the more sophisticated prototypes.

The first inconsistency in the data was that this question
was intended only for those who had used more than one
model, whereas only 28 participants declared having tested
two or three models, yet 54 people answered the question.
Possibly, many expressed their preference without having
used the other prototypes, making only a visual judgment
from a distance by observing other players using them.

Figure 18. Values and percentages of the answers to the third question, on
which headsets were preferred.

The Table 2 presents the SUS evaluation scores for the
three prototypes, along with the arithmetic mean weighted by
the sample size of each evaluated group, providing an overall
score for all models, as well as the standard deviation of the
scores relative to the mean. The MBC received the highest
overall score of 86.5 out of 100, indicating that users consid-
ered it the most effective or comfortable in terms of usability,
despite not being the most popular model. In second place,
the MBIC obtained a score of 82.05. Although it was the most
preferred prototype among users, with 50% preference, its
lower SUS score compared to the conventional model suggests
that, despite its popularity, its usability may have presented
some shortcomings. Lastly, the MBEC received the lowest
score, 79.24, which may reflect lower overall acceptance or
some specific usability issues.

The overall average score of the evaluations was 81.9
out of 100, calculated using a weighted arithmetic mean that
considered the number of evaluators for each model. The
standard deviation of 3.07 shows that there was little variation
in the scores among the prototypes, suggesting that all were
well evaluated, with only subtle differences. The 7.26-point
gap between the highest and lowest scores also reinforces that,
although the scores varied, all prototypes received relatively
high evaluations. The response frequency for each of the 10
questions in the 63 responses is shown in Figure 19, where a
prevalence of responses at the extremes of the Likert scale (1
and 5) can be observed.

Based on the responses from the SUS questionnaire, five
usability metrics were calculated, as described in subsection
2.5, and are presented in the chart in Table 1. A very low
dispersion of results was observed, with a low standard devia-
tion, indicating a highly concentrated distribution of scores.
The MBC achieved the highest score across all five metrics
used. The MBIC outperformed the MBEC in two metrics:



Innovations in Geometry Teaching with MiritiBoard VR 2.0 Glasses Carvalho et al., 2026

Table 2. SUS and the inferred heuristics scores of the models evaluated.
Parameter MBC MBIC MBEC All Standard Deviation

SUS 86,50 82,05 79,24 81,90 3,07
Efficiency 89,17 83,04 79,71 83,06 4,02

Learnability 86,88 81,25 79,35 81,65 3,31
Memorability 87,50 78,57 82,61 81,85 3,80

Error Prevention 85,00 75,00 75,00 77,02 4,89
Satisfaction 81,67 75,30 76,09 76,61 3,03

Efficiency, with 83.04 compared to 79.71, and Learnability,
with 81.25 compared to 79.71, suggesting that the MBIC is
more efficient in task execution and easier to use compared to
the model with an external controller. Conversely, the MBEC
scored higher than the MBIC in two other metrics: Memora-
bility, with 78.57 compared to 82.61, and Satisfaction, with
75.30 compared to 76.09, indicating that users found the ver-
sion with an external controller easier to recall how to use after
a period of non-use and reported greater satisfaction. There
was a tie in Error Prevention, with both customized models
achieving an identical score of 75 points, suggesting that the
two models performed similarly in terms of their ability to
prevent errors.

A notable contradiction is that, although the MBIC was
rated most favorably by users in the initial preference ques-
tions, it received the lowest score in the SUS evaluation. In
contrast, the MBC, which was the least preferred, achieved
the highest SUS score and, consequently, higher ratings in
usability heuristics. This discrepancy may be explained by
the limited number of evaluations for the conventional model
— only 10 assessments — where the smaller sample size influ-
enced the final SUS scores. The technical usability assessment
revealed that the conventional model was rated highest among
those who evaluated it. These 10 evaluators, representing
16.4% of the total sample, appeared to favor simplicity over
sophistication and customization, highlighting a divergence
between subjective preference and measured usability in this
context.

The perception of innovation and embedded technolo-
gies associated with the models with integrated and external
control could have influenced the participants decision in the
experiment. The MBC, being the original, simpler, and less
interactive model, could have been perceived as less advanced
or less interesting compared to the other models with controls,
which may have contributed to its lower popularity and lower
number of responses and public interest. Those who chose
the MiritiBoard VR with integrated or external control may
have been more attracted by the possibility of experimenting
the artifact with new technologies and greater interactivity,
which may have been more aligned with their interests or ex-
pectations, or stoked their curiosity about the customizations.
The factors of embedded technology and novelty were not
measured in the field tests, being only hypotheses raised by
the authors.

The statistical analysis revealed a global mean score of
81.9 points, substantially above the average usability thresh-
old (68), indicating an overall positive perception. The
Shapiro–Wilk test showed that the data did not follow a nor-
mal distribution (p = 0.0004), leading to the adoption of
non-parametric methods for group comparisons. The internal

consistency of the scale was considered moderate, with a Cron-
bach’s alpha coefficient (α = 0.639) below the commonly
recommended threshold of 0.70, suggesting that adjustments
to certain items could improve the psychometric robustness
of the instrument.

Group comparisons using the Kruskal–Wallis test re-
vealed statistically significant differences in SUS scores
among the three devices (p < 0.05), indicating that perceived
usability varies depending on the configuration used. To
detail this finding, a post-hoc analysis was necessary, and
Dunn’s test revealed that the performance of MBIC was sig-
nificantly lower than that of MBC and MBEC. In contrast,
no significant difference in usability was found between the
MBC and MBEC configurations. This demonstrates that
while the simple VR experience without controllers is su-
perior to the integrated control, the addition of an external
controller did not significantly alter the user’s perception. Ex-
ploratory factor analysis confirmed the factorability of the
data (KMO = 0.754; Bartlett p < 0.001) and, according
to Kaiser’s criterion, suggested the retention of three factors,
with rotated (Varimax) factor loadings aligned with latent
dimensions of effectiveness, efficiency, and satisfaction. Ad-
ditionally, a k-means cluster analysis identified three distinct
user profiles, with clear differences in mean SUS scores and
heterogeneous distribution across devices, revealing relevant
interaction patterns.

The comparison between groups using the
Kruskal–Wallis test revealed statistically significant
differences in SUS scores among the three devices,
χ2(2, N = 60) = 14.25, p = 0.001. The median usability
scores were 72.50 for MBIC, 85.00 for MBC, and 87.50 for
MBEC.

To further explore this finding, a post-hoc analysis was
conducted, and Dunn’s test with Bonferroni correction showed
that the performance of MBIC was significantly lower than
that of MBC (p = 0.003) and MBEC (p = 0.001). Con-
versely, no significant difference in usability was found be-
tween the MBC and MBEC configurations (p = 1.000). This
demonstrates that although the experience in simple VR with-
out controllers outperformed that of the integrated controller,
adding an external controller did not significantly change the
user’s perception.

The exploratory factor analysis confirmed the factora-
bility of the data (KMO = 0.754; Bartlett’s p < 0.001)
and, according to Kaiser’s criterion, suggested the retention
of three factors, with rotated (Varimax) loadings aligned to
latent dimensions of effectiveness, efficiency, and satisfac-
tion. Additionally, a cluster analysis (k-means) identified
three distinct user profiles, showing clear differences in mean
SUS scores and a heterogeneous distribution across devices,
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Figure 19. Percentage of answers for each item of the SUS questionnaire.

revealing relevant interaction patterns.
These results attest to the applicability of the SUS scale

in the digital context and demonstrate how statistical and ma-
chine learning methods can deepen the understanding of user
experience across different technological configurations. The
discrepancy between evaluation scores and user preferences
suggests that the innovation and new features of the prototypes,
such as integrated and external controls, played a significant
role in attracting users, even though these features were not
rated as highly in terms of technical usability. This high-
lights the importance of balancing innovation with practical
usability and considering user perception when developing
and evaluating new prototypes.

7 Final Considerations
In this work, customizations and hardware adaptations were
made to the MiritiBoard VR headset, with the addition of
peripherals aimed at enhancing gameplay in AR and VR ap-
plications, particularly in the educational game GeoMeta,
thereby investigating alternative interaction methods for a
low-cost VR headset. The developed prototypes explore how
these additional peripherals can enrich the user experience by
comparing the classic version without adaptations, the pro-
totyped version with controllers integrated into the headset
(MBIC), and the version with an external controller (MBEC),
in which the HMD is used with the addition of a GamePad.

Field tests were carried out, and user evaluations were
collected through the SUS questionnaire, where, in addition to
calculating the SUS scores of the models, five usability heuris-
tics were inferred and quantified. Software modifications were
implemented, including an open-world environment for con-

venient use of the prototypes equipped with controllers. In the
experimental tests, participants first played the classic version
of GeoMeta with the conventional MiritiBoard VR and then
complementary versions of the MiritiBoard with integrated
control and external control in the open world enriched with
GeoMeta elements. After the experience, each user was in-
vited to voluntarily and anonymously complete the usability
questionnaire.

The results indicate that the addition of new peripherals
to the MiritiBoard VR has the potential to transform how
students interact with educational content, making the learn-
ing of geometry more dynamic and stimulating. The use of
additional controllers with the headset enriches the VR experi-
ence, making it more immersive and comfortable. The classic
version of the headset was also highly rated and well accepted
by the public compared to the more sophisticated models
with controllers, showing that, even as a low-cost headset,
it is not inferior to more expensive models that inspired the
adaptations made.

Future research is expected to deepen investigations into
accessibility, with the goal of making GeoMeta even more
inclusive for students with different disabilities. This includes
developing specific features for learners with visual, auditory,
or cognitive impairments through the integration of new sen-
sors and peripherals, or by manufacturing the headset in other
low-cost materials, such as pine wood or cardboard, ensuring
that everyone can benefit from the application.

Among the work’s limitations is that an ad-hoc Por-
tuguese translation of the original English SUS questionnaire
was used in the data collection. There were no cross-cultural
and translation validations to assess whether this tool is valid
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for the scenario and object of the questionnaire’s evaluation.
The sample size was relatively small, with 63 respondents, and
the group sampling involved several biases in the responses.
There is no certainty as to which device a participant actually
used or compared, so the SUS score they assigned to a specific
model weakens the validity of the results. The connection
between the user experience and the quantitative evaluation
is weakened.

The chaotic environment of a public event can also intro-
duce biases, such as fatigue or haste, affecting the quality of
the responses. The potential impact of order effects, inherent
to an uncontrolled field test, must be considered. For example,
a participant who first tested the simpler MBC might have
perceived the models with controls (MBIC and MBEC) as
more innovative, influencing their preference. Conversely, a
user who started with the complexity of the MBEC might
have evaluated the simplicity of the MBC more favorably in
terms of immediate usability, potentially inflating its SUS
score. Although it is not possible to quantify these effects
with the current data, acknowledging their existence is crucial
to interpreting the discrepancy between the high preference
for the MBIC and the higher usability score of the MBC.

Based on the lessons learned in this field study, future
work will employ a controlled and counter-balanced exper-
imental design. Participants will be randomly assigned to
different device testing sequences (e.g., MBC -> MBIC ->
MBEC; MBIC -> MBEC -> MBC, etc.) to neutralize order
effects. Furthermore, data collection will be supervised to
ensure each participant evaluates the correct device and that
only those with comparative experience answer the preference
questions, thereby ensuring the reliability and validity of the
results.

Furthermore, among the group’s future research direc-
tions, one highlight is the development of avatars based on
Generative Artificial Intelligence (GAI), aimed at personal-
izing teaching, especially for neurodivergent students. In
addition, the intention is to employ specific user experience
instruments that evaluate the entire ecosystem, including the
game’s virtual environment. The SUS questionnaire was ap-
plied to assess the usability of the physical device, and there-
fore cannot provide much insight into immersion and engage-
ment in the conducted evaluation, since SUS does not serve
this purpose and lacks questions related to these aspects. An
immersion assessment would evaluate characteristics of the
virtual environment, not only the physical device in use, thus
providing a more comprehensive picture of the player–game
experience and the hardware and artifacts involved, as these
are intertwined and inseparable elements of the user’s experi-
ence.

Specific UX tools commonly applied to interactive prod-
ucts are expected to be used for user experience evaluation,
such as AttrakDiff, User Experience Questionnaire, and Self-
Assessment Manikin, as well as instruments targeting engage-
ment, immersion, or flow, including the User Engagement
Scale, Game Experience Questionnaire, Flow State Scale, and
Player Experience of Need Satisfaction, which may also be
investigated. It is worth highlighting the User Experience
Questionnaire (UEQ), a survey consisting of 26 items orga-
nized into six main scales—each measuring a different aspect
of the user experience—is considered a natural evolution of

SUS in usability studies. Future work includes developing
new prototypes with different user samples in controlled en-
vironments, aiming for more reliable and satisfactory results.
The findings of this study demonstrate a broad field of re-
search, with several gaps and nuances yet to be explored,
offering fertile opportunities for future work.
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and preliminary research of this study.
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