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Abstract: The use of information technology in the field of cultural heritage makes it possible to
involve more and more people in the promotion of cultural heritage, fostering social, cultural,
economic and community growth. This work stems from the interest in using Virtual Reality (VR) in
the field of cultural heritage, creating a tour of the city of Bari that tells its evolution over the years. To
this end, a low-cost VR360 application has been developed which, by means of a cardboard, allows
the user to experience a virtual journey through time. It tells the story of the city, focusing on its
urban expansion and the evolution of its architectural styles, influenced by various dominations over
the centuries, up to the current state. The virtual environment was created from spherical images
of the city, captured through 360° cameras and enriched with various types of information content.
The user experience was assessed by means of a questionnaire derived from previous work that
was generalised and adapted to the considered scenario: the results showed a very good level of
satisfaction, usability, engagement, immersion and sense of presence; the highest score was obtained
for the visual quality of the images of the virtual environment.

Keywords: virtual reality; VR360; cultural tourism; cardboard; mobile application; user experience

1. Introduction

In recent years, information technologies have become more and more widespread in
cultural tourism in the form of virtual reality applications offering increasingly engaging
experiences that bring places closer together and make visitors an active part of their
journey [1]. Virtual tours have become increasingly attractive due to their ability to provide
immersive and personalised experiences to an increasingly wide and diverse audience.
As an alternative to the more expensive virtual reality headsets, cardboards are becom-
ing increasingly popular: they are low-cost devices equipped with lenses that allow a
smartphone placed inside them to be transformed into a VR visor.

According to the definition adopted by the United Nations World Tourism Organisa-
tion (UNWTO), cultural tourism implies a type of tourism activity in which the visitor’s
essential motivation is to learn, discover, experience and consume the cultural attrac-
tions/products, tangible and intangible, in a tourist destination. These attractions/products
include art and architecture, historical and cultural heritage, culinary heritage, literature,
music, creative industries and living cultures with their lifestyles, value systems, beliefs
and traditions [2].

Daniel Guttentag [3] identifies six areas where the combination of cultural tourism and
digital technologies is successful: planning and management, marketing, entertainment, ed-
ucation and learning, accessibility and heritage preservation. In this work, it was observed
and analysed how the use of technologies defined as immersive, specifically virtual reality,
is an excellent means of conveying tourism, in the preliminary choice of places to visit.
A particular type of virtual reality application is based on 360° photos and videos: such
applications also offer an immersive first-person experience but with a physical limitation
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that prevents moving in the surrounding space, allowing the user only to look around.
Virtual tours originated from this technology in the field of cultural tourism. They are
more effective than traditional methods of promoting tourism, based on the use of simple
brochures, as they offer more direct and engaging experiences, capable of capturing the
attention of future tourists. A direct visual experience is among the most efficient means to
promote and disseminate a given place as it gives the user and future tourist the possibility
to assess the whole spatiality of the place, unlike partial tours provided by simple cata-
logue photographs [4]. In addition, virtual tours provided cultural tourism with valuable
alternatives, especially during the Covid-19 pandemic.

Virtual tours can provide experiences based on 360° high-definition and fully ex-
plorable images and videos, which may contain multimedia elements such as audio, text or
three-dimensional models.

This paper presents a low cost virtual reality application based on cardboards and
was developed to promote Bari, a city in the Apulia region of southern Italy. A virtual tour
has been created in which the user can move around freely and discover how the city was
born, how it has evolved up to the present day and what the causes of certain changes
were. The virtual tour has been designed as a means of disseminating the city’s heritage
to its citizens, especially to the younger generations, and as an inclusive tool, capable of
making it possible to visit those places that are usually inaccessible, either because they
are dangerous for the public or because they are logistically unreachable for people with
mobility problems.

Furthermore, this paper attempts to generalise and adapt a user experience question-
naire previously designed for the evaluation of a 360° virtual tour of Dinghu Mountain
(China) [5]: in particular, it attempts to make the questionnaire suitable for the evaluation
of a VR360 application dealing with cultural heritage context in a town. The results showed
that users were almost in agreement in expressing overall positive ratings on various fac-
tors of the user experience (general satisfaction, usability, engagement, immersion, visual
quality and sense of presence).

The paper is structured as follows: Section 2 presents a brief survey on the state of the
art; Section 3 introduces the case study that deals with the historical-artistic evolution of
Bari and the main monuments of the city; Section 4 describes the conceptualization, design
and development of the VR application and introduces the methodology adopted for user
experience evaluation; Section 5 presents the results of user experience tests; Section 6
discusses the main findings of the experimental results; Section 7 proposes possible future
developments and concludes the paper.

2. Related Work

Over the years, the development of low-cost, easy-to-use and easy-to-implement
software and hardware tools has enabled the increasing popularity of virtual exploration.
Pappa et al. [6] provides an in-depth review of digital technologies applied in the field of
cultural heritage, in which they identify several new approaches for improved cultural
heritage preservation in the back-office and dissemination in the front-end. The challenge
is not only to communicate scientific information, but also to develop audience-centred
experiences achieving narrative and emotional engagement. In [7], the authors show that
the improvement of cultural heritage services focuses not only on technological aspects,
but also on the interpretation and presentation of cultural heritage sites. Immersive on-site,
online and onlife experiences were analysed, also addressing the changes in the use of
cultural heritage due to the Covid-19 pandemic. To this end, a theoretical framework was
established to analyze the effectiveness of OVRWCHT (online 360° virtual reality world
cultural heritage tourism), during COVID-19, based on the seven principles of the ICOMOS
Charter for the Interpretation and Presentation of Cultural Heritage Sites [8].

Several virtual and augmented reality applications developed in recent years for the
promotion of cultural heritage provide various personalised tourist itineraries [9]. Usually,
these digital environments exhibit a certain level of interactivity, such as allowing the user to
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choose a particular location within the place or changing the angle of view, looking around
as if they were physically there [10]. Many of these applications exploit gamification [11] to
improve the level of attention and engagement in learning processes. This has led to the
emergence of the concept of edutainment [12,13], which derives from the combination of
the words education and entertainment.

The study in [14] has proved how technology converts the traditional learning and
museum visit can become an enjoyable platform of learning, increasing the motivation and
making it easier to understand building structures and unique architectural details [10].
Moreover, virtual tours increase users’ desire to visit the real place [15] and improve the
learning outcomes and knowledge retention [16], but, as evidenced in [17], a great result for
site or destination managers is that virtual tours do not replace the experience of a real visit.

Cirulis et al. [18] described virtual and augmented reality enhancements for gamifi-
cation scenarios aimed at the promotion of sustainability of the national identity through
cultural heritage.

Checa et al. [19] proposed a framework for immersive applications based on Unreal en-
gine that allows developers to focus on the design of the educational or training experience
and frees them from the task of addressing virtual reality technical issues.

Hu et al. [20] presented a hybrid three-dimensional virtual museum based on panoramic
images and three-dimensional models. The aim of the virtual museum is to help students
and visitors to move freely in the virtual museum space and to generate a satisfying experi-
ence of cultural heritage enjoyment anytime, anywhere and from any device. The scene,
consisting of a sequence of georeferenced panoramic images and three-dimensional models,
was created in real time using Unity and a web service in the mobile Internet environment.

Nemtinov et al. [21] created a virtual museum of historical sites in the Tambov region
associated with representatives of the Chicherin family, famous figures of the Russian
diplomatic service. The museum is a collection of virtual three-dimensional reconstructions
of objects from the family estate in the village of Karaul, as well as spherical panoramic
images and videos taken in the Chicherin house-museum in Tambov.

In [22], a virtual companion guides the user through an exploration of the submerged
archaeological sites, developed with a high degree of realism. This is complemented with a
general and historical–cultural context, as well as with information regarding the flora and
fauna of the underwater site.

Iacovino et al. [23] developed an application that allows Erasmus students to play the
role of ambassadors for the promotion of the destination by providing tourists with a real
immersive virtual reality experience.

An advantage offered by virtual tours is the overcoming of accessibility problems.
They provide access to sites considered inhospitable or too far away and can be used as a
tool to break down architectural barriers that prevent people with disabilities from accessing
tourist sites. Skola et al. [22] developed a VR application of underwater archaeological
sites for an audience not prepared for underwater diving. This application mixes the
experience of interactive virtual reality with 360° narration, using an HTC Vive visor. In the
HMD, the user experiences a real immersion session: when in the immediate vicinity of a
point of interest, they can activate it with the controller to start playing a 360° video. De
Paolis et al. [24] employed virtual and mixed reality technologies to address accessibility
problems and promote an underground oil mill.

Virtual portals [25] enabled on-site exploration of a virtually reconstructed past reality
of sites or monuments that the user can visualise on his/her smartphone by walking
through portals placed at specific points of interest.

An interactive virtual tour of the historical centre of Rethymno (Greece) [26], was
developed based on 360° videos using the Oculus Rift VR headset.

Fabola et al. [27] investigated the use of virtual reality (VR) as a tool for learning about
heritage, specifically St Andrews Cathedral. First year pupils from a secondary school in the
city of St Andrews took part in virtual tours of the Cathedral as it was in the 14th century using
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Samsung Gear VR, Google Cardboard, Oculus Rift, computer screens and Xbox controllers and
then answered questions about their experiences with the various systems.

Nor Zalina Harun et al. [14] focused not on historical sites, but on construction,
by conducting a 360° tour of a traditional Malaysian house dating back more than 100 years
with the aim of preserving and protecting local architecture and cultural history.

Kang, Byoung-Gil, et al. [28] proposed a VR tourism experience on the UNESCO heritage
site of Baekje using a simple and inexpensive Google Cardboard and the user’s smartphone.

Wu et al. [5] developed a 360° virtual tour of Dinghu Mountain (China) and designed
a user experience evaluation questionnaire specifically for this type of application.

Cisternino et al. [29] demonstrated the use of augmented reality technologies for the
promotion of the Basilica of Saint Catherine of Alexandria in Galatina.

3. Case Study and Historical Background

In a preliminary phase of the work, it was necessary to conduct an in-depth study
aimed at identifying the most interesting and relevant monuments in order to understand
the evolution of the city. The collection of data required an intensive bibliographic survey
aimed at investigating the history of the monument, including the various foreign dom-
inations that modified the urban layout. In particular, various Italian and local sources
published in the form of books or websites were consulted [30–36].

The city of Bari has a long history stretching back thousands of years, characterised
by the succession of numerous dominations which, with their culture, have influenced
and left their mark on the conformation of the current city and the buildings it contains.
Four historical macro-periods have been considered: ancient, Byzantine, modern and
contemporary Bari. According to historical research, these are the most significant periods
from a historical and artistic point of view.

An accurate study of the sources allowed to identify the monuments most involved in
the historical events: this information was inserted and explained within the tour so that
the user is guided within the virtual space and not left to a simple exploration around them.

Historical Background

Bari was founded on the eastern tip of the peninsula, still known as the San Pietro
peninsula due to its natural acropolis shape. Here, and in the nearby complex of Santa
Scolastica, evidence of the earliest settlement has been found: remains of a Bronze Age ca-
pannicolous village and continuity of settlement until around the 9th century B.C. From this
period until the 7th century B.C.; however, there is an interruption in the evidence, prob-
ably due to the abandonment of the site at the time of the arrival of the Japigi, Illyrian
peoples who incorporated and transformed the previous capannicolous settlements into
more urbanised models. However, there are few traces of this historical period.

The Middle Ages were undoubtedly the richest period in terms of history and art,
characterised by a succession of foreign dominations. With the arrival of the Byzantines,
Bari was elevated to Catapanate, the highest expression and political representation of
the Empire. The Catapano was in fact a high-ranking official who had jurisdiction over
all the Byzantine possessions in the Italian peninsula and established his residence in a
large fortified building on the site where the Basilica of San Nicola now stands. From this
historical period, the tour covered the following monuments:

• The Cathedral of San Sabino, whose sub-body houses an early medieval basilica and a
small Byzantine church;

• The Basilica of San Nicola was built with the arrival of the Saint’s relics in the city;
• The church of San Michele Arcangelo, which housed the relics before the Basilica was built;
• The Norman-Swabian castle, emblematic of the period of militarisation and hierarchi-

sation of the lands at that time.

The city’s modern era is characterised by the Aragonese-Sforza lineage. With Isabella
of Aragon and her daughter Bona Sforza, the Renaissance taste of the great Italian courts
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arrived in Bari. From this period, the virtual tour presents Piazza Mercantile and Piazza
del Ferrarese, the meeting points of city life in the old town.

The contemporary era is mainly characterised by urban expansion outside the city
and the construction of the New Town. From this period, the tour presents a portion
of the waterfront and the two arteries of the new town: Corso Vittorio Emanuele and
Corso Cavour.

4. Materials and Methods
4.1. Application Conceptualization

In the field of Cultural Heritage, virtual tours essentially play two roles: they are
used as a museum ’product’ and as a means of promoting tourism. In the first case,
the possibility of creating virtual museum tours allows the visitor to enjoy the museum
offer even in places far away from the exhibition itself. In the second case, tours become
tools for conveying tourism, supporting the prior choice of places to visit and explore.
A direct visual experience, based on virtual tours, is among the most effective means to
promote a place, as it provides the user with the possibility to assess its entire spatiality, as
opposed to the partial view offered by simple catalogue photographs [4].

The sixteenth General Assembly of ICOMOS on 4 October 2008 published the Charter
for the Interpretation and Presentation of Cultural Heritage Sites, which outlines the
basic principles of interpretation and presentation as essential components of heritage
conservation efforts [8]:

1. Access and understanding;
2. Information sources;
3. Attention to setting and context;
4. Preservation of authenticity;
5. Planning for sustainability;
6. Concern for inclusiveness;
7. Importance of research, training, and evaluation.

The application described in this paper seeks to satisfy the first five of the above-
mentioned principles. By exploiting the practicality of cards, which are a low-cost and
affordable tool for everyone, it aims to enable easy use and promote rapid understanding
of the content. The panoramic photos allow for a reconstruction and enhancement of the
environments of various zones of the city, highlighting the evolution of its architectural
styles, influenced by the different dominations over the centuries, up to its current state.
The use of virtual reconstruction makes it possible to reduce the pressure of cultural tourism
in line with sustainable development objectives, by promoting site protection, education,
and cultural services.

4.2. Application Design

In order to offer a virtual tour of the city with low-cost tools, it was decided to create
a virtual reality application based on the use of a smartphone and a Google Cardboard.
The aim is to create a tour that focuses on those architectural monuments involved in
the historical events that have characterised the city over the course of time in order to
reconstruct the history of the city and help to understand how it came to be as it is today.
In order to add more interactivity and a distinctive feature compared to the virtual tours
on the market, it was decided to add a gamification component, which consists of making
the user guess which historical postcard, among those provided, is suitable for the place
where the user is at that moment: this allows the user to understand, through a before/after
comparison, the changes of the city over the years.

In the virtual tour, the user takes the role of a tourist around the city of Bari. Starting
from the initial scene, he makes a choice between visiting the old town or the new town. In-
teractions have been made possible through a red pointer that appears in front of the user’s
eyes: as soon as interaction with any object takes place, the pointer changes appearance,
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becoming a yellow crosshair with a circle indicating the loading of event data (Figure 1). In
addition to looking around and admiring the surrounding landscape, the user can:

• Move to another point, using arrows, and interact with the objects present; for example,
he can obtain information on the monument by means of buttons with a yellow ‘i’ that
stands for ’information’;

• Observe the details of some relevant points of the building by means of buttons with
a magnifying glass icon, which allow you to zoom in;

• Watch additional videos or photos by means of special buttons.

Figure 1. Different types of interaction buttons.

A hidden menu has been added for further interaction, visible only when the user
looks down. This choice is due to the presence of possible artefacts of 360° photography.

Four buttons have been included in the menu:

• Home, which allows you to go back to the previous scene;
• An audio guide button, which activates and deactivates the narrator’s voice present at

various points in the scene;
• The music button, which allows you to activate and deactivate the background music;
• The game button, which activates, where present, the game with the historical post-

cards of the city.

4.3. Content Choice, Creation and Implementation

After a thorough analysis of historical sources and the acquisition of photographic
material, the virtual scenes and their navigation were designed. In the initial scene of the
application, the map of the city was modelled, which allows the user to choose whether to
start from old Bari and move forward in time in chronological order or to start from Borgo
nuovo and go backwards in time.

Each scene allows only one monument to be explored. Using the Home button,
the user can return to the initial scene and make a new choice. The scenes have been
divided as follows:

1. MenuBari_Scene is the initial scene (Figure 2), in which a 3D model of the city of
Bari has been inserted and the user can choose between Bari vecchia and Borgo
nuovo. The distinction has been emphasised by associating different colours to the
two boroughs and inserting a label above them, made clickable, through which the
user is transported to the selected scene. A 360° photo of the city, seen from the sea,
was inserted as material in the Skybox as a background for the scene;
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Figure 2. Opening scene of the tour.

2. BariVecchia_Scene (Figure 3) shows a three-dimensional representation of the old town
and its most important monuments that can be visited within the tour (the Basilica of
San Nicola, the Norman-Swabian Castle, the Cathedral of San Sabino, the Church of
San Michele Arcangelo, Piazza Mercantile and the adjoining Piazza del Ferrarese);

Figure 3. Scene of Bari Vecchia (the old town).

3. BorgoNuovo_Scene (Figure 4) represents the point where the first stone was laid to
create the new town; this scene is characterised by a more pronounced gamification
component and makes use of the numerous photos from the years when the Borgo
was built, offering a stronger visual impact.

Figure 4. Scene of Borgo Nuovo (the new town).

The interface of the game (Figure 5) consists of a lower panel containing the historical
postcards and an upper panel on which the correct photo is placed. If the selection made by
the user is wrong, a message is displayed inviting him to try again, otherwise, if the answer
is correct, the photo is placed in the panel and a panel appears providing information about
that subject.
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Figure 5. Initial screen of the postcard game.

4.4. Implementation and Technological Details

The 360° photos were captured with a Rico Theta S camera and modified with Photo-
Shop editing software.

The virtual tour was implemented using Unity (version 2017.3.0f3), a cross-platform
game engine used for the creation of 3D, 2D and other real-time interactive content. Unity
offers the possibility of importing various assets, i.e., items that can be used in the game
development, and specific Software Development Kits (SDKs) provided by various hard-
ware vendors in the form of plugins. 3D models were created with the free cross-platform
software Blender and imported into Unity scenes to make the application more attractive
and appealing.

Within the Unity project, it was necessary to import the package provided with Google
Cardboard [37] and the SDK compatible with iOS and Android operating systems.

4.5. User Experience Evaluation

The testing of the application involved 30 users (7 males and 23 females) aged between
7 and 66 years distributed as illustrated by the density plot in Figure 6. They had no
experience in virtual reality and no particular technological background.

Figure 6. Density plot of the ages of the users involved in the test.
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A questionnaire was prepared to collect users’ opinions about their experience with
the application. The main objective of the analysis of the questionnaire data was to see how
the ease of use of the application, the ability to learn to use it quickly and the general level
of satisfaction related to the factors that had been identified for the specific case of a VR360
system. The most significant items were selected from the questionnaire proposed in [5] for
the evaluation of a 360° virtual tour of Dinghu Mountain in southern China, discarding
items related to the representation of that specific landscape.

The considered items were grouped into the same factors described in [5], namely
engagement, immersion, mental imagery and presence, as shown in Table 1. In addition to
these factors, which are characteristic of a VR360 experience, some typical generic factors
that determine the quality of a software were also considered as defined in the ISO/IEC
25010:2011 standard [38]: satisfaction and ease of use items were taken from the UMUX-lite
questionnaire [39], while learnability was taken from item 10 of the SUS questionnaire [40]
and represents the ability to learn quickly how to use the application [41].

Table 1. Questionnaire for the evaluation of the user experience.

Factor Item

Engagement (VR360 [5]) I felt deeply involved in the virtual tour
I focused completely on the virtual tour

Immersion (VR360 [5])

I could interact with the tour view as if I were in the
real world
I felt detached from the outside world
I felt completely immersed
I forgot my worries during the virtual tour

Mental imagery (VR360 [5]) The images of the scenes have a good visual impact

Presence (VR360 [5])

After the virtual tour I felt as if I had returned to the
real world after a journey
The world generated by the virtual tour felt like a
place I visited rather than something I saw
During the virtual tour I felt like I was really in Bari
During the virtual tour I sometimes forgot that I was
in the middle of a virtual experience
My body was in a place, but my mind was inside
the world created by the tour

Satisfaction (UMUX-lite [39]) The system capabilities meet my requirements

Ease of use (UMUX-lite [39]) The system is easy to use

Learnability (item 10 from
SUS [40])

I needed to learn a lot of things before I could get
going with this system

5. Data Analysis and Results

In addition to the mean values of the scores for the various factors, standard deviations
and coefficients of variation (calculated as the ratio of standard deviations to mean values)
were evaluated in order to assess how much the users were in agreement in their opinions.
The distributions of the scores were then evaluated in order to identify the presence of any
clusters of scores for each user experience factor. Finally, a Principal Component Analysis
(PCA) was performed in order to identify any clustering between these factors.

Table 2 shows the mean values, standard deviations and coefficients of variation of the
scores obtained for each component of the user experience. Almost all of the user experience
factors are characterised by a high average value and a low coefficient of variation. The highest
average score is for mental imagery, which concerns the perceived visual quality of the images.
On the other hand, the lowest average score is for learnability, which represents the ability
to become quickly familiar with the application. However, this factor also has the highest
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coefficient of variation, which suggests users have quite different opinions about this aspect.
On the other hand, users largely agreed on the other user experience factors covered by the
questionnaire, as highlighted by the low coefficients of variation.

Table 2. Mean values, standard deviation and coefficient of variations of the scores of the user
experience factors.

User Experience Factor Mean Standard Deviation Coefficient of Variation

Engagement 5.483 0.540 0.098
Immersion 5.392 0.565 0.105

Mental imagery 5.500 0.619 0.113
Presence 5.260 0.552 0.105

Satisfaction 5.367 0.657 0.123
Ease of use 5.333 0.650 0.122
Learnability 4.967 1.622 0.327

The density ridgeline plot in Figure 7 compares the distributions of the scores based
on the density estimates obtained from the questionnaire data.

Ease of use

Engagement

Immersion

Learnability

Mental imagery

Presence

Satisfaction

0 2 4 6
Scores

Ease of use
Engagement

Immersion
Learnability

Mental imagery
Presence

Satisfaction

Figure 7. Distributions of the scores of the user experience factors.

The density graph seems to suggest a certain influence of immersion on involvement,
as the two factors show similar waveforms. Similarly, there seems to be a correspondence
between ease of use and level of satisfaction. Another factor determining the level of sat-
isfaction is mental imagery. All these three factors have a ridgeline with a double hump,
suggesting the presence of two main clusters in the responses given by users. Learnability
has a peak near the maximum score, but also a tail on the left indicating the presence of
scattered and highly variable lower scores, which are the cause of the higher coefficient of
variation than the other factors: although some small isolated groups had some difficulty
in becoming familiar with the application, most users learned to use it very quickly.

Principal Component Analysis

Principal Component Analysis (PCA) aims to group variables according to their
variability to reduce the dimensionality of the data set: in the specific scenario under
consideration, the aim is to identify any clusters among the factors in Table 2 that might
suggest correlations between them. The plot in Figure 8 represents the relationships among
the user experience factors in a space made up of the first two dimensions, which are the
most important to explain the variability in the data set: longer arrows correspond to better
represented variables in the factor map.
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Figure 9 depicts a scree plot, which is the plot of eigenvalues ordered from largest to the
smallest. The optimal number of components to be chosen for the PCA corresponds to the point
beyond which the remaining eigenvalues are relatively small and of comparable size.
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Figure 9. Scree plot of user experience factors.

Of the seven identified principal components (PC1, . . . , PC7 in Table 3), the first four
account for more than 78% of the total variability.

Table 3. Principal component analysis of the user experience factors. Bold represent loadings that are
considered significant.

Principal
Component

Standard
Deviation

Proportion of
Variance

Cumulative
Proportion

PC1 1.5845917 0.3587044 0.3587044
PC2 1.0984372 0.1723663 0.5310707
PC3 0.9712090 0.1347496 0.6658203
PC4 0.9101914 0.1183498 0.7841701
PC5 0.83651936 0.09996638 0.88413644
PC6 0.70994857 0.07200385 0.95614030
PC7 0.5540920 0.0438597 1.0000000
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The bar plot in Figure 10 depicts the square cosine (cos2) of the user experience
variables on the first two dimensions: satisfaction and engagement, which are the variables
with the highest values, are best represented by the first two principal components.
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Figure 10. Quality of representation of user experience factors.

In principal component analysis, an attempt is usually made to obtain the so-called
‘simple structure’ in which, according to Kline [42], “each component should have a few
high loadings with the rest of the loadings being zero or close to zero”. To this end, varimax
orthogonal rotation is employed, which aims to maximise variance among the squared
values of loadings of each component [43]. An oblique enhancement of varimax, called
promax rotation, aims to achieve the “simple structure” at a higher degree [44].

Table 4 reports the loadings obtained by performing varimax and promax rotations on
the first four components: loadings with an absolute value higher than 0.4, highlighted in
bold, were considered as significant; the signs of loadings indicate whether the correspond-
ing variables and principal components are positively or negatively correlated. The first
and most relevant component can be expressed as a combination of Presence, satisfaction and
ease of use: the concordant positive sign indicates that all these three factors are positively
correlated with the first component and that as one component increases, the others also
increase. The second component can be expressed as a combination of engagement and ease
of use. The third component can be expressed as a combination of immersion and mental
imagery. The last component depends only on learnability.

Table 4. Loadings obtained through varimax and promax rotations on the first three principal
components for the user experience factors. Bold represent loadings that are considered significant.

User Experience Factor PC1 PC2 PC3 PC4

Engagement −0.193 0.823
−0.105 0.850 −0.108

Immersion −0.176 −0.795 0.114
−0.172 0.123 −0.835 0.106

Mental imagery 0.230 −0.572 -0.110
0.205 −0.533
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Table 4. Cont.

User Experience Factor PC1 PC2 PC3 PC4

Presence 0.535 −0.163 −0.168
0.516 −0.231

Satisfaction 0.624 0.108 0.227
0.670 0.159 0.281

Ease of use 0.444 0.532 −0.225
0.477 0.460 −0.196

Learnability 0.926
0.183 0.952

6. Discussion

The analysis of the results highlighted the importance of the sense of presence for user
satisfaction. Presence refers to the feeling perceived by the user of being in a place that is
different from where he/she actually is [45,46]. For application developed in the context of
tourism, the research on presence typically focuses on its consequences and the research of
its antecedents is limited to vividness and interactivity [47].

Interestingly, ease of use correlates on the one hand with the level of satisfaction and sense
of presence and on the other hand with engagement, but does not influence immersion.

Engagement refers to the quality of user experience in terms of cognitive, temporal,
affective and behavioural investment [48]. In this sense, it is generally seen as a wider and
stronger concept than involvement, as it also encloses an interactive relationship and the
perception of an experiential value [49].

Immersion, defined as the constant psychological state of users feeling surrounded in
an interactive virtual environment [50], in the considered scenario is correlated only with
the visual impact of the scenes (mental imagery) and not with ease of use. Interaction in a
360° virtual environment is expected to be reduced and occur less continuously than in
a traditional 6-DoF virtual environment based on a VR headset. For these reasons, it is
very likely that visual quality will take precedence over ease of use (referring mainly to the
forms of interaction available to the user) becoming in fact almost the only factor on which
immersion depends.

The ability to learn how to use the application quickly (learnability) is the factor that
reported the lowest average score and the highest variability, but seems to have no influence
on other factors of the user experience. The gaze controller of a cardboard-based VR360
system should offer a more intuitive and natural interaction than the handheld controllers
of a traditional VR system, but the distribution of the scores revealed the presence of groups
of users who showed some difficulty in learning to use the system. Nevertheless, the ease
of use, while showing the presence of two possible clusters in the distribution of scores, is
characterised by a higher average score and also less variability, as both clusters are still
around fairly high scores. Probably the initial learning curve presents difficulties for some
users who paradoxically find themselves displaced by having to interact by means of their
eyes instead of more traditional pointing devices (such as a mouse or handheld controller)
that have been ingrained longer in the collective imagination.

7. Conclusions

This paper presents an application in the field of cultural tourism, which exploits the
potential of virtual reality to make the cultural heritage of the city of Bari known in a more
engaging and interactive way.

The development of the virtual reality application takes advantage of the fact that,
nowadays, everyone has a smartphone capable of supporting this type of application.
The Google Cardboard visor turned out to be an excellent device in terms of performance,
availability and, above all, cost. This has facilitated the fruition of the application for a
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larger number of users, without the need to resort to expensive visors or to be constrained
to certain installation locations.

A tour of the historical buildings was created, through which the history and evolution
of the city was reconstructed up to the current urban layout. Compared to the virtual tours
available on the market, a gamification component was added, which consists of making
the user guess which of the proposed historical postcards corresponds to the place where
the user is currently located, in order to understand, through a before/after comparison,
the changes in the city over the years.

The application is in the prototype stage, but will be enriched with new content and
functionality. It will then probably be proposed to possible stakeholders willing to finance
the project. In particular, it will be enriched with new points of interest and information
sheets to provide the user with a more complete and structured cultural experience. Further
test campaigns will be planned involving tourists, as well as locals, in order to evaluate
possible changes or improvements. Finally, the possibility of conducting experiments in
a school context will also be evaluated in order to assess the educational effectiveness of
the application.
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