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Abstract:

Technology has profoundly transformed the way culture is accessed and experienced, driving the development
of virtual museums. The integration of tools such as Augmented Reality (AR), Virtual Reality (VR), and web
platforms has provided immersive, accessible, and interactive experiences for diverse audiences. This article
analyzes the impact of these technologies on the democratization of access to culture, highlighting the benefits,
challenges, and importance of digital inclusion. Through literature review, case studies of renowned museums
such as the Louvre and MoMA, and the development of an interactive prototype with PHP, JavaScript and
AR/VR APIs, the research shows how digital resources elevate engagement and understanding of cultural
heritage. The results point to high levels of user satisfaction and reinforce the potential of digital museums as
educational and inclusive tools in the contemporary scenario.
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I.  Introduction

In recent times, technology has caused significant changes in several areas, including culture. In this
scenario, the idea of virtual museums has been strengthened, offering visitors an innovative and interactive way
to relate to cultural heritage. Through digital platforms and interactive technological tools, virtual museums
expand the reach of conventional collections and encourage cultural inclusion in creative ways. Thus, in an
increasingly interconnected world, it is essential to understand the advantages that these solutions bring by
promoting the dissemination of culture, overcoming physical limitations, and providing a more integrated and
flexible experience for visitors.

The adoption of innovations such as Augmented Reality and Virtual Reality has been affirmed as one
of the most significant transformations in the field of digital museums. These technological tools create an
engaging environment where visitors can interact innovatively with the exhibits. According to research
conducted by Ribeiro and his colleagues in 2022, the application of these technologies provides an enriching
and captivating experience, allowing viewers not only to watch, but also to actively engage in the narrative
presented. Three-dimensional visualization solutions make it possible to explore objects and works of art from
different perspectives, raising the level of understanding beyond what would be possible in a traditional physical
visit.

Technological advancements and expanded access through websites and apps have played a key role in
including a global audience. A UNESCO report, released in 2023, highlights that the digitization of museums
has a significant impact on democratizing access to culture, allowing people around the world to explore
exhibitions that would previously have been inaccessible due to physical or financial limitations (UNESCO,
2023). Tools such as PHP, used to create interactive and intuitive websites, have been fundamental for virtual
museums to offer enriching experiences. These platforms allow visitors to take virtual tours, observe artworks in
high definition, interact with dynamic exhibitions, and even connect with curators and experts through webinars
or live chats. This article seeks to explore how the adoption of technologies such as augmented reality (AR),
virtual reality (VR), and the development of web platforms can transform the public experience in digital
museums. In particular, the implementation of enhanced virtual tours will be examined, which combine PHP
with other tools such as JavaScript and APIs to integrate AR and VR elements, creating a more immersive and
accessible experience. The research intends to analyze the implications of this technological evolution for the
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future of museum visits, highlighting its benefits and the challenges it represents for culture and society as a
whole.

Il.  Bibliographic Reference
The integration of digital technologies in museum institutions has been consolidated as a topic of great
relevance, given the impact of these innovations on the interaction between organizations and the public, as well
as on the way of accessing and experiencing collections. Resources such as Augmented Reality (AR), Virtual
Reality (VR) and the digitization of cultural collections open unprecedented paths for the preservation, learning
and promotion of cultural inclusion. This theoretical study analyzes some of the most expressive technologies
used by digital museums and the effects they generate.

The Digital Revolution in Museums and the Role of Emerging Technologies

The adoption of digital and emerging technologies has significantly transformed the way museums
operate and establish connections with the public. According to Farias and Silva (2020), the advancement of
digitalization in cultural institutions enables new cultural practices, offering creative approaches to learning and
interaction for visitors. These innovations go beyond the traditional display of objects and works, introducing
interactive experiences capable of redefining the relationship between visitors and cultural heritage. In addition,
digitalization contributes to the preservation of items that, over time or due to inadequate exposure conditions,
could deteriorate. This digital transformation also extends the reach of museums, allowing for diversified
experiences such as virtual exhibitions that, in conventional formats, would be difficult to hold. Souza and
Martins (2021) highlight that digital museums overcome physical limitations, enabling visits and explorations
without geographical barriers. As a result, technology makes culture more accessible and inclusive by engaging
a global audience in the museum experience.

The use of Augmented Reality (AR) and Virtual Reality (VR) in museums has revolutionized public
experiences by introducing unprecedented immersion. AR combines elements of the physical and digital worlds,
enriching interaction with the real environment, while VR creates completely digital scenarios, offering the
visitor the opportunity to explore historical and artistic environments in 360 degrees. According to Carvalho and
Lima (2022), these tools are redefining the way museums connect with visitors, offering personalized and
dynamic sensory experiences. These technologies also open doors to explore artifacts and contexts that would
be impractical in the physical environment. For example, they allow the exploration of a virtual replica of a
Greek temple or the detailed examination of the interior of a Renaissance work. Pires and Costa (2021) point out
that museums that integrate AR and VR significantly increase visitor engagement in exhibitions, making
learning more attractive and efficient. In addition, these tools promote a deeper understanding of the cultural and
historical contexts of the works, ensuring an enriching and immersive educational experience for participants.

The Relevance of Inclusion in Museums’ Digital Platforms

The digitization of museums not only broadens the reach of content to a more diverse audience, but
also creates new opportunities for inclusion for people with disabilities. Silva and Ribeiro (2020) emphasize that
digital accessibility is essential to ensure that everyone can enjoy enriching experiences in exhibitions,
regardless of physical or sensory limitations. Resources such as audio description, subtitles, and adaptive
interfaces have been consolidating on museum digital platforms, promoting greater accessibility for individuals
with visual, hearing, or motor difficulties. This advance represents one of the main benefits of the
transformation of institutions in digital environments. Almeida (2021) reinforces that the digitization process
must be based on an inclusive perspective, as accessibility goes beyond a legal obligation, and is also an
indispensable way to ensure the right to culture for all. During the COVID-19 pandemic, this approach proved
to be even more relevant, as numerous cultural institutions closed their doors, but kept exhibitions available in
the digital medium, ensuring continuity in access to art and learning.

Challenges and Possibilities of Digital Change in Museums

Digital transformation offers great opportunities for museums, but it also poses considerable
challenges. The adoption of innovative technologies comes with high costs and requires institutional
adaptations, which can be especially challenging for smaller museums. As Moreira and Andrade (2022) point
out, the restriction of financial resources and the need for employee training are significant barriers to the
implementation of new technologies in museums. In addition, the maintenance of digital platforms requires
continuous investments in both infrastructure and content updates. On the other hand, the possibilities offered by
digitalization are wide. It allows for a greater democratization of access to culture, enabling exhibitions to reach
audiences that otherwise would not be able to visit them in person. According to Santos (2023), the future of
museums increasingly depends on their ability to innovate and embrace the digital environment, allowing for
more engaging and accessible experiences. Emerging technologies have the potential to transform museums into
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dynamic, interactive, and inclusive cultural spaces, directly contributing to education and the preservation of
cultural heritage.

I11.  Methodology
The methodology of this article was structured in such a way as to analyze how digital technologies are
shaping the visitor experience in museums, with a focus on innovations in Augmented Reality (AR), Virtual
Reality (VR) and digital platforms. To understand the impacts of these technologies, a qualitative and
exploratory approach was adopted, combining literature review with the analysis of case studies and secondary
data. The main methodological procedures adopted are described below.

Literature review

The bibliographic review was carried out with the objective of surveying the state of the art on digital
museums and emerging technologies applied to the museological field. Articles, books and reports from
institutions such as UNESCO and recent academic publications that discuss the digitization of museums, the use
of AR/VR, and accessibility on digital platforms were selected. The review provided a theoretical understanding
of the main challenges, benefits and technological innovations in the field of digital museums.

Case Study

For the literature review, some case studies of museums that already have AR and VR solutions
implemented were used, such as the cases of the Louvre Museum, located in France, and the Museum of
Modern Art in New York — MoMA. Thus, through such case studies, it was possible to materialize real
examples of how the implementation of emerging technologies occurs in the context of museums, providing
visitors with a particular experience, in which, through a dive into the virtual universe, it is possible to interact
in an innovative way. Furthermore, with the review of the two cases, it was possible to identify the impact of the
use of such technologies in the public sphere, both in relation to engagement and democratization of access to
culture.

Virtual Tour Prototype Development

As part of the methodology, a prototype virtual tour was created using the PHP, JavaScript and AR/VR
API systems. The prototype is designed to mimic the candid tour in a digital museum with the possibility to see
the 3D of the art images and immerse yourself in the information. The use of 3D rotation and AR/VR are
examples of the creation of common facilities. The prototype was a means to prove the possibility of creating a
more sincere experience by a large audience. Outside of test prototyping, it was also necessary to provide
prototype testing for a certain group of users who were adventitious in prototype testing and their experience
should be scored.

IV. Results
In order to evaluate the impact of the application of digital technologies on the public experience in
virtual museums, an analysis based on user interaction was carried out with a prototype of a virtual tour
developed with PHP, JavaScript and AR/VR APIs. The data collected during the tests with a sample group
allowed us to observe patterns of use, accessibility and levels of satisfaction. The following are three distinct
graphs that illustrate the main findings of the research.

Engagement with the Virtual Tour Prototype

The initial analysis sought to understand how users interacted with the prototype of the virtual
museum. The following bar chart 1 shows the average navigation time, the number of interactions with 3D
objects, and the number of tour returns per user.
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Average per User

Navigation time per minute Interaction with 3d obi e& Returns to the tour
Graph 1. User Interactions and Browsing Time
Source: Authors, 2024

The data shows that the average browsing time was approximately 12 minutes, indicating a good level
of retention. The number of interactions with 3D objects (on average 8 per user) shows that the functionality has
sparked interest and curiosity. The return to the tour, with an average of 1.5 times per user, shows that the
virtual tour was attractive enough for part of the users to revisit the experience.

Digital Inclusion and Accessibility
An important aspect of the prototype was the focus on accessibility. The following pie chart 2 shows
the percentage of use of features such as captions, audio description, and adaptive controls.

Regular

Excellent

Graph 2. Use of Accessibility Features
Source: Authors, 2024

The results reveal a broadly positive evaluation of the experience offered by the virtual tour. The
majority of participants, equivalent to 55%, rated the navigation as excellent, while 30% considered the
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experience good, adding up to a total of 85% approval. This index reflects the positive impact that the use of
technologies such as Augmented Reality, Virtual Reality and interactive web platforms can provide in the
museum context. The combination of these resources enabled a more engaging and accessible experience,
directly contributing to public engagement and the appreciation of cultural heritage in an innovative and
meaningful way.

Evolution of Accesses Throughout the Week

With the advancement of immersive technologies and the growing interest in digital experiences,
virtual museums have become an affordable and innovative alternative to promote cultural inclusion. One of the
main indicators of engagement on this type of platform is the number of daily accesses to the virtual tour, which
allows the user to explore exhibitions in an interactive way, without leaving home. Evaluating the evolution of
accesses throughout the week is essential to understand visitor behavior, identify usage patterns, and plan more
effective dissemination strategies. Below, we present the analysis of a graph 3 that illustrates the percentage
variation of daily accesses to the virtual tour during the week.
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Graph 3. Evolution of Daily Accesses to the Virtual Tour
Source: Authors, 2024

The graph of the evolution of daily accesses to the virtual tour shows an interesting behavior
throughout the week, starting more timidly on Monday, with 50% of accesses, possibly due to the return of
professional and school activities, which leave the public less available for online cultural experiences. On
Tuesday, accesses rise to 65%, indicating a slight resumption of interest as people organize themselves better
and find gaps in their routines for leisure time. Wednesday maintains this pace with 70%, suggesting a
stabilization in the middle of the week, when the public is already more adapted to the routine and begins to
look for small forms of entertainment. On Thursday, there is a slight drop to 60%, possibly reflecting a greater
concentration of commitments or accumulated fatigue, which reduces the time available to access the tour.
However, Friday shows a significant jump to 90%, indicating an increase in engagement on the eve of the
weekend, when people start to slow down and look for cultural options to relax. This behavior culminates on
Sunday, with a peak of 100% of accesses, showing that the weekend is the most favorable period for this type of
activity, as the public is freer and more receptive to virtual experiences. The analysis suggests, therefore, that
accesses tend to stabilize in the middle of the week, but improve significantly at the end, which is crucial for the
strategic planning of campaigns and updates to the virtual tour content.

V.  Conclusion
In recent years, technology has revolutionized the way we interact with culture, and virtual museums have
emerged as an innovative and inclusive response to this transformation. Using digital platforms and resources
such as Augmented Reality (AR) and Virtual Reality (VR), these museums provide interactive experiences that
go beyond the physical confines of traditional institutions, allowing anyone, anywhere, to access cultural
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collections in an immersive and accessible way. Tools such as PHP and JavaScript have been instrumental in
creating engaging digital environments where you can explore 3D artwork, participate in guided tours, and
interact with curators. Studies show that these technologies increase visitor engagement, promote the
democratization of access to culture, and favor the inclusion of audiences with disabilities through accessibility
features. However, despite the benefits, museums face challenges such as high costs, the need for training, and
the maintenance of digital platforms. The analysis of case studies, such as the Louvre and MoMA, combined
with the creation of a virtual tour prototype, showed that the application of emerging technologies can
significantly transform the museum experience, making it more attractive, educational and comprehensive. Data
collected from prototype users indicated high levels of satisfaction, strong engagement, and widespread
acceptance of accessibility features, confirming the potential of these innovations to redefine the future of
museums and broaden cultural participation in a creative and effective way.
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