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Abstract: This paper presents specific technical issues related to the development of virtual exhibitions for both web and
mobile devices. Several real implementations of virtual exhibitions are described, based on the MOVIO platform (in the
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1. Introduction

In the beginning of the 21% century, when
several pacing Information and Communication
Technologies (1&CT), such as Automated
biometric systems, Cloud Computing, Internet of
Things, Big Data, Business Intelligence, Diffusion
Network Embedding and so on (Alexandru &
Ianculescu, 2017; Buciu & Gancsadi, 2016: Filip,
Zamfirescu & Ciurea, 2017; Peng et al., 2008;
Radulescu & Radulescu, 2018; Shi et al, 2019)
applied to various milieux got ever more traction,
the cultural heritage has gained new worth for the
institutions and countries that preserve valuable
collections. The new 1&CT have made cultural
heritage become a strategic economic resource
for European countries. According to (Borowiecki
& Navarrete, 2017), it has been estimated that
cultural and research content preserved in cultural
institutions of Europe has a market value around
€27 billion.

Taking into account the current economic situation
at European level and the envisaged future
strategies, cultural heritage institutions should
not depend too much on the public funding. They
should find alternative financing methods with
a view to become autonomous from this point
of view. In the context of European economic
uncertainties, the development and deployment
of new business models for the creative re-use
of digital cultural content should enable a wider
access to cultural heritage collections on the one
hand and, on the other hand, it should also enable
the creation of additional revenue in order to
guarantee the long-term sustainability of cultural
institutions. Some cybernetic representations of

such business models for cultural institutions are
described in (Filip et al., 2015).

Taking into consideration the influence of modern
I&CT in all human activity fields, the cultural
sector can benefit from the evolution of new
technologies in order to enhance the market value
of cultural heritage collections.

The cultural sector needs to adapt to the requests
and behavioral-cultural profile of the general
public visiting cultural institutions.

The remaining part of this paper is organized as
follows. A few specific aspects of digitization
of collections and the main concepts related to
virtual exhibitions are reviewed in the following
two sections, respectively. The methodology
to create virtual exhibitions, both on web and
mobile computing settings, is presented in the
fourth section. A thorough technical comparison
of both solutions (web and mobile) is provided
in the following section. It is followed by a brief
review of financial aspects.

2.Digitization of Cultural Collections

The greatest difficulty that occurs in the
dissemination of cultural content from libraries
and museums in the digital era is the digitization
of cultural heritage collections. The process of
digitizing collections must be done by 2D or
3D scanning or photographing cultural objects
and by associating metadata in order to build
the most accurate and complete databases with
digital copies of cultural objects. This process
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enables the researchers to get an easy access
to rare heritage collections, especially to those
that involve difficult physical access due to the
physical degradation, conservation conditions or
security policies.

The priorities of digitizing the heritage collections
of a cultural institution have to be set based
on a number of factors, such as the degree of
degradation of the collections and the perceived
or forecast public interest in certain collections
in order to translate them into the online
environment, based on the human and material
resources available.

The online dissemination of certain exhibits or
collections owned by a cultural institution may
stimulate other institutions or persons’ interest
in making partnerships or collaborations for
various joint projects. In this way, the cultural
institution opens its doors to the categories of
visitors interested in either studying collections
or exploiting them through research projects.

3. Virtual Exhibitions — Concept
and Objectives

The cultural institutions meant to provide the
infrastructure for the accumulation and preservation
of a nation’s values, such as art galleries,
libraries, archives, museums (GLAM), must adapt
themselves to the evolution of new 1&CT.

Virtual exhibitions represent a modern way for
cultural institutions to contribute to arousing the
public interest in the cultural collections and art
objects they own. Also, virtual exhibitions are the
most appropriate vehicle for the dissemination of
cultural content from libraries and museums in
the digital era.

In order to analyze the impact of virtual
exhibitions on the dissemination of the cultural
content sheltered by libraries and museums, the
virtual exhibition is promoted for the digital
access to cultural collections from everywhere and
at any time, but with an approach that allows the
visitor to achieve a personalized and interactive
user experience.

Except for the main purpose of a virtual exhibition,
which consists in promoting and capitalizing the
cultural heritage collections, a secondary goal
is to allow visitors to discover alternative ways
of exploring and browsing the cultural content.

In this way, visitors can experience navigation
possibilities that cannot be found in a physical
exhibition (Lepouras et al., 2004).

Many cultural institutions need a “helping
hand” to accommodate the current technological
revolution in order to take advantage of the
facilities offered by modern I&CT. Not only I&CT
tools and techniques are applied in the cultural
sector, but also some marketing strategies. Virtual
exhibitions involve the use of elements from
multiple domains, including I&CT and marketing.

Virtual exhibitions will “generate” virtual visitors
who are interested in learning more about the
exhibits presented in the application, and, later on,
some of them will become real visitors of cultural
institutions. In this case, virtual exhibitions can
be seen as a “business card” or catalog that
can provide real cultural visitors with initial
information about cultural institutions.

Real visitors who have been stimulated to discover
more details about the exhibits presented in virtual
exhibitions are determined to visit them and,
therefore, they will be willing to pay entrance
fees or the price to obtain copies or personalized
objects with cultural objects. For example, the
Rijksmuseum in Amsterdam offers personalized
shirts or mugs with pictures of the well-known
painters from their collections (Kreinberger,
Thinnes & Timmermans, 2014). Such a business
model means an increase in the income of cultural
institutions, as well as an increase in the public
image and in the number of real visitors. A
mobile museum tour guide was implemented for
Rijksmuseum in order to provide personalized
visits based on the user position inside the museum
and interests (van Hage et al., 2010).

If a cultural heritage institution (CHI) wants to
make use of modern I&CT tools and techniques in
order to implement one or more virtual exhibitions
(VE), both as mobile and web applications, and
decides to apply adequate marketing strategies to
promote the cultural heritage collections, then the
virtual exhibitions will generate virtual visitors /
users which will become real visitors (RV) of
the cultural institution. Finally, an increase in
number of real visitors will generate an increase
in terms of revenues for the cultural institution. A
diagram of interaction between CHI, VE and RV
is presented in Figure 1.
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Figure 1. Diagram of interaction between CHI, VE and RV (Ciurea & Filip, 2018)

Nowadays, the increase in the number of
web and mobile applications and expanding
the use of information and communication
technologies in all areas of activity have
generated concerns about the analysis of users’
behavior in online applications.

The analysis of visitors’ behavior in a virtual
exhibition is very important because it provides
relevant information about the ease of navigation
in the application, the public interest in certain
exhibits or collections, the need to digitalize
collections of the same category of interest.

4. Stages of Implementing a
Virtual Exhibition

By applying 1&CT tools and techniques to cultural
institutions, attractive virtual exhibitions will be
created in order to present the most interesting
digital copies of the cultural objects. The virtual
exhibitions can be designed and developed both
as native mobile applications that are installed on
mobile devices with Android, 10S or Windows
Phone operating systems, or as web applications
that can be accessed online from any computer
connected to the Internet.

The steps required to develop a virtual exhibition
differ depending on how the virtual exhibition
is deployed, whether as a web application or

as a native mobile application. Both types
of applications are described, based on the
development cycle stages of an informatics
application, taking into account specific objectives,
input, activities, resources, techniques, methods,
technologies and results.

4.1 Virtual Exhibition as a Web Application

In the situation of developing the virtual exhibition
as a web application, available online and
accessible from any computer or mobile device
with an Internet connection, the following steps
are required:

- Step 1. Choosing a theme of public interest,
based either on a historical or cultural event,
or on the presentation of special collections;

- Step 2. Seclecting the most interesting
cultural objects to be included in the
exhibition and digitizing them, either by
scanning or by shooting;

- Step 3. Processing the scanned images or
photos using a specialized software tool
(such as Adobe Photoshop) in order to reduce
image size, increase brightness or contrast,
for fast loading and for the proper use of the
web pages;

- Step 4. Choosing the most appropriate
descriptions of the cultural objects presented
in the selected images to be included as
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descriptive texts in the exhibition; if the
virtual exhibition is carried out in more than
one international language, it is necessary to
translate those descriptions;

- Step 5. To increase the level of interactivity,
it is recommended to include video clips or
audio sequences in the virtual exhibition; these
multimedia elements must be processed and
saved in formats accessible from any device;

- Step 6. Selecting the most appropriate
website template on which to build the
virtual exhibition; the template must be self-
adaptive (responsive), so that it adjusts the
way the content is displayed according to the
size and resolution of the screen; dedicated
software tools, such as MOVIO, can be used
or a website from scratch can be developed;

- Step 7. Changing colors and adjusting the
presentation fonts of the website, which
should be consistent with the theme of the
exhibition, but also with the predominant
colors of the images presented;

- Step 8. Including in the virtual exhibition the
graphic and multimedia elements mentioned
in the previous steps, as well as their
corresponding text descriptions;

- Step 9. Choosing the most appropriate
components  (widgets) for presenting
images, texts and multimedia elements in the
exhibition, such as attractive image galleries,
dedicated website templates, chronological
presentation tools or geospatial representation
tools of cultural objects;

- Step 10. Moving the exhibition to a
dedicated web server to ensure visitor access
at any time, from any location and any device
connected to the Internet.

In the case of a virtual exhibition implementation
as a web application based on the MOVIO
platform (Natale et al., 2014), it is necessary
to create and maintain a MySQL database and
to have knowledge about the PHP (Hypertext
Preprocessor) programming language, because
MOVIO was developed using these technologies,
similar as a Joomla content management system
(CMS) (Ray & Ramesh, 2017).

4.2 Virtual Exhibition as a Native
Mobile Application

In the case of implementing the virtual exhibition
as a native mobile application running on mobile

devices with a dedicated operating system (such as
Android, i0S, or Windows Phone), the following
steps need to be completed:

- Steps 1-5. The same as in the situation
of developing the virtual exhibition as a
web application;

- Step 6. Choosing the operating system for
which the mobile application is developed
and setting the offered functionality, and also
the limits of the application;

- Step 7. Designing the screens of the
application, respectively the activities and
controls included in each activity layout
(buttons, menus, labels, text editing boxes,
etc.); in the case of a mobile application, the
design part is essential because of screen
size limitations, as well as the modality
in which the user interacts with mobile
devices (touch screen navigation, swipe
gestures, etc.);

- Step 8. Implementing the mobile application
according to the design specifications from
the previous step, using a development
environment and a programming language
specific to the type of the chosen operating
system; in the case of a mobile application
for the Android system, the Android Studio
or Eclipse development environment and the
Java or Kotlin programming languages can
be used;

- Step 9. Including multimedia elements,
images and descriptive texts within the
mobile application in an attractive and user-
friendly manner;

- Step 10. Publishing the mobile application
to a dedicated application store (Google
Play, App Store, or Marketplace) to make it
available to users.

In both cases, user behavior measurement tools
can be introduced in the virtual exhibition in order
to extract statistics regarding the number of hits,
the number of views of a particular cultural object,
the degree of accessibility of all multimedia
objects in the exhibition, etc. Very useful statistics
about the visitors of a web application can be
obtained by using Google Analytics.

5. A Comparative Analysis of Web
and Mobile Implementations

Implementing a virtual exhibition means not only
uploading and publishing images about cultural
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objects in a gallery of images, but also creating an
eye-catching software product for visitors.

As it has been described in the above sections,
a virtual exhibition can be designed and
developed as a web application or as a native
mobile application, as these formats are the
most popular based on the types of the devices
used nowadays. Both formats have advantages
and disadvantages, taking into consideration the
development phases, the visitors experience and
future maintenance.

Table 1 below presents the “plus” side (+)
and “minus” side (-) of a virtual exhibition
implementation as a web application using
MOVIO and as a mobile application running on
Android, based on five evaluation criteria.

As shown in Table 1, in the case of a web
implementation using MOVIO, only the
attainment of the platform, which is open source,
is not enough, because a server configured to
run the website and to keep a MySQL database

is needed. But, once the MOVIO platform is
installed and configured, it is easier to add new
features on the web application than in the case
of a mobile application developed on Android.
In the case of a mobile implementation based on
Android, it is easy to install the development tools
(Java platform, Android Studio, emulators), but
there is not enough flexibility to add new features
after publishing the application, because, in order
to be reinstalled, an updated version needs to be
delivered to the users.

The figures below represent two screenshots
from the development phase of a virtual
exhibition, implemented as a web application
using the MOVIO platform. The virtual
exhibition was implemented at the Romanian
Academy Library together with eight other
virtual exhibitions and all of them were
published on the institution website.

Figure 2 shows the main administration page of
the virtual exhibition developed under MOVIO.
In this page, the administrator can easily add
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Figure 2. Home administration page in MOVIO

Table 1. Comparative analysis of MOVIO and Android implementations

No. | Evaluation criteria (meob‘a;%)g) 1?22:11:0?3?
1 | free available development tools - +
2 | reliability and robustness + +
3 | scalability and flexibility to add new features + -
4 | security and data integrity + +
5 | anytime and anywhere access + +
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Figure 3. Gallery administration page in MOVIO

or remove new pages, resources, can configure
the template of the application or can enable
additional functionalities.

Figure 3 displays the gallery administration page
of the virtual exhibition developed under MOVIO
platform. The administrator can add or remove
multimedia files, such as images or videos, and he
can easily upload new resources by dragging and
dropping them on this page.

When uploading new images in the media archive,
the administrator should take into account the
size of each image, the resolution, and the pages
on which the image will be displayed, because
each image must fit the dimensions of the pages
and controls that display it. The images should
not be of a high resolution, because they will
necessitate more time to load the web pages of
the application.

The most important advantage of implementing a
virtual exhibition as a native mobile application
is represented by the usage of all the features
and hardware functionalities offered by a mobile
device, such as the sensors for location, the
accelerometer, the camera used to capture or scan
QR (Quick Response) codes etc.

In the case of an Android mobile application, the
implementation of a virtual exhibition involves
the use of the internal file system to store
specific data on the mobile device, and certainly
the use of a SQLite database or Google Firebase

to store text, documents and images related to
the exhibition.

Figure 4 illustrates the virtual exhibition
entitled Ferdinand I and created in MOVIO,
but seen on a mobile device, because it has a
responsive interface that adapts depending on
the screen size.

movio.biblacad.ro/FERDINAND ]

Ferdinand | Intregitorul

Expozitie virtuala

MENU DI NAVIGAZIONE

PAGINA PRINCIPALA

REGELE FERDINAND I - CRONOLOGIE
FISE 51 IMAGINI

MOMENTE REPREZENTATIVE
CONTACT

REGELE FERDINAND |

Figure 4. Ferdinand I virtual exhibition
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Another interesting feature offered by a mobile
application is the possibility to use Google
Maps in order to display on the map images
from collections belonging to one or more
cultural institutions and to create a link between
them, based on their geographical location on
the map. For example, Figure 5 presents three
cultural institutions (The Romanian Academy
Library, The Romanian National Library and
The National Heritage Institute), which preserve
documents and images related to King Ferdinand
I of Romania. A connection between these three
institutions is made on Google Maps and a
representative image is displayed on the map
next to each institution.
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Figure 5. Cultural institutions connected on
Google Maps

Establishing connections on the map between
cultural institutions that preserve similar
collections or cultural objects on the same topic
is important, in order to see the geographical
distribution of cultural collections. If a cultural
institution intends to implement a virtual
exhibition on a dedicated topic, it can borrow
missing and complementary cultural objects
(documents, pictures, paintings, textual fragments
etc.) from nearby cultural institutions with which

it can collaborate. In this case, one can talk about
a collaborative virtual exhibition created by two
or more cultural institutions that collaborate and
interchange complementary cultural collections.

A collaborative virtual exhibition is a particular
case of a collaborative system. A detailed
analysis of computer-supported collaborative
systems based on the decision-making process is
presented in (Filip, Zamfirescu & Ciurea, 2017),
together with a dedicated platform that covers
collaborative and group decision sessions, as well
as individual decision sessions in a way that users
on each decision stage are free to collaborate with
other users.

6. Financial Aspects of Virtual
Exhibitions Implementation

When a cultural heritage institution takes the
decision to implement a new virtual exhibition, it
must consider the implementation costs generated
by hiring [&CT specialists or purchasing specific
software tools and licenses. These costs should
be covered by the cultural heritage institution or,
if it can be applicable, by different sponsorships
offered by private companies or NGOs (non-
governmental organizations).

When the proposed business model is set and the
virtual exhibition meets the need for trust at the
market place (Mocanu, 2011), these costs will be
covered from the entrance fees collected from new
visitors and from other sources of payment, such
as the reproduction rights.

Depending on the budget available for
developing a virtual exhibition, the respective
cultural institution can decide what type of
implementation should be selected. In the case
of virtual exhibitions that are implemented as
native mobile applications, if a cultural institution
needs to develop a mobile application for all the
operating platforms (Android, i0OS and Windows
Phone), the costs will be higher than in the case
of a single implementation.

If the exhibition is designed and developed only
for a particular mobile operating system (for
example, Android), then the target audience will
be limited to users who have mobile devices with
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that operating system. Users of other mobile
operating systems may feel neglected because
they cannot install and do not have access to the
application. In conclusion, the solution is to create
an application that can be accessed from any type
of device.

Therefore, the virtual exhibition should be
implemented as a multi-platform solution that
can be accessed from any computer and from any
mobile device. It consists of a web application
with a self-adaptive interface. There are several
interesting technologies that enable the design
and development of such applications (for
example SAP UI5) (Mukherjee & Mukherjee
(Das), 2017).

Regardless of the type of implementation,
costs may vary depending on many other
influence factors, including the salaries of
specialists, the degree of digitization of the
cultural objects selected to be presented or
other administrative costs.

7. Conclusion

The most important result of the present
research is that the modern information and
communication technologies can contribute
to the development of the cultural sector as
in many other human activities. It is expected
that in the nearest future, the applications of
1&C technologies in the cultural sector to be
embedded into complex cognitive assistants
meant to enhance the human performances
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