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Presentations of virtual Cultural Heritage artifacts are often communicated via the medium of interactive digital storytelling.
The synergy of a storied narrative embedded within a 3D virtual reconstruction context have high consumer appeal and
edutainment value. We investigate if 360° videos presented through virtual reality further contribute to user immersion for
the application of preserving Intangible Cultural Heritage. A case study then analyses whether conventional desktop media is
significantly different than virtual reality as a medium for immersion in intangible heritage contexts. The case study describes
bridge diving at Stari Most, the old bridge in Mostar Bosnia. This application aims to present and preserve the bridge diving
tradition at this site. The project describes the site and history along with cultural connections, a series of quiz questions are
presented after viewing all of the materials. Successful completion of the quiz allows a user to participate in a virtual bridge
dive. The subjective evaluation provided evidence to suggest that our method is successful in preserving intangible heritage
and communicating ideas in key areas of concern for this heritage that can be used to develop a preservation framework in
the future. It was also possible to conclude that experience within the VR framework did not affect Effort Expectancy for the
web application, but the same experience made a significant influence for the Performance Expectancy construct.
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1 INTRODUCTION

Cultural Heritage can be popularly divided into two categories: tangible culture and intangible culture [65]. The
focus of tangible heritage is on buildings, monuments, artifacts, art works, and other cultural property. The term
Cultural Heritage has traditionally been used to refer to tangible heritage. However, the meaning of the term has
been extended to include intangible heritage in the last decades of the 20th century. UNESCO’s defined intangible
heritage includes [64]:

e “oral traditions and expressions, including language as a vehicle of the Intangible Cultural Heritage;
e performing arts;

e social practices, rituals and festive events;

e knowledge and practices concerning nature and the universe;

e traditional craftsmanship.”

Traditional methods aimed at digitizing intangible heritage are currently using basic storage media such as
audio and video recordings, which are good tools for documenting. More recently, techniques for documenting
intangible heritage have begun to explore more contemporary technologies [20, 58]. The aim of these efforts
was to preserve Intangible Cultural Heritage and to allow its use in an educational context. This could be
communicating dance choreography or the immersion of a particular environment, but in the end it is better
described as documenting the intangible heritage and there is a difference between documentation and preservation
[40]. For intangible heritage and preservation, it is important to convey context and the experience of the heritage
community. In this work, we explore the use of digital storytelling techniques to preserve the context of the
intangible heritage through a case study and use Virtual Reality (VR) to provide immersion, presence and
experience.

Virtual environments (VEs) can provide a means by which Intangible Cultural Heritage sites can be rigorously
explored and investigated. This is a function of many elements, the most important of which is probably a
Cultural Heritage site reconstruction. Realism can be misleading because it implies a degree of certainty about the
environment [30]. Due to the interpretation it provides through participant inference, it is important to address
the uncertainty surrounding a VE. This is to preserve the Cultural Heritage sites governing historical context.
Some standardised methods for digitally preserving the past have been developed [1, 7, 19, 26]. Unfortunately,
the following key issues relating to intangible heritage are not actively addressed in this area of work [63]:

(1) Validity: historical records may result in subjectivity and misinterpretation of many intangible heritage
functions;

(2) Inclusivity: the expressions of Intangible Cultural Heritage are those shared by other cultures. These
developments may be from common roots or alternatively from distinct roots;

(3) Representativity: this factor is mitigated by scientific approaches of the modern era, e.g. we can record
dances or measure materials. Recreating the past, however, requires intelligent data extrapolation, yet the
need to be representative of knowledge and tradition, skills and customs is still required,;

(4) Temporality: an entirely different precept is to experience something through the lens of a different
culture, even ignoring the implications of hardware and software that are not non-invasive. Intangible
heritage not only represents heritage, but also reflects contemporary heritage;

(5) Sensitivity: current religious and political themes may affect the agenda of recreating intangible heritage,
traditional or contemporary;

(6) Community: intangible heritage is such only when the communities that create, maintain and transmit it
are recognised.

Assessing a reconstruction of Cultural Heritage is not necessarily deterministic. It can use quantitative or
qualitative processes or a mixed methods approach [45]. Tangible heritage can be assessed quite readily. The
availability of commodity hardware and techniques such as spectroradiometers, laser scanning, ground penetrating
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radar and reflectance transformation imaging enables numerical quantities to be evaluated goniometrically,
radiometrically and perceptually. Intangible heritage, however, is more difficult to evaluate. The reality is that
validation will take the form of an opinion if evaluation is required. This even applies to quantitative information
bearing inherent uncertainty due to extrapolative processes [11]. Validation should occur considering the
quantitative and qualitative. The validation should come from contemporary practitioners in the context of
intangible heritage and considering the Community element of the concerns.

This work’s main contributions are:

e An investigation of Performance Expectancy and Effort Expectancy across VR and Web Multimedia
representations of technological approaches to preserve intangible heritage;

o Suggest up-to-date methods for the preservation of Intangible Cultural Heritage. This is facilitated through
a case study to preserve the Mostar bridge diving tradition via VR and Web-based media;

o The user experience evaluation is designed and conducted to identify predictive and explanatory use
measures for the technologies;

e A comparison of VR and Web Multimedia approaches to preservation of intangible heritage is presented
and analysis is conducted around user perception exposed to the web-condition with no prior exposure to
VR, and with prior exposure.

It should be noted that this contribution is an extension of the work by Selmanovi¢ et al. [56].

2 RELATED WORK

A variety of techniques inform the paradigm of creating a VR or Web-based experience for Intangible Cultural
Heritage. This section reviews prior work on Interactive Digital Storytelling Systems and investigates what we
can learn from these processes. We follow this up with a discussion of Interface design to support design choices
taken in the development of the application. Finally we look into evaluation methodologies with specific focus
on Technology Adoption protocols as this is a study into a disruptive technology for a specific new purpose:
Intangible Cultural Heritage.

2.1 Interactive Digital Storytelling Systems

Athena Plus [47] makes recommendations for cultural institutions that strongly encourage the transmission
of information about Cultural Heritage through digital storytelling. For Interactive Digital Storytelling (IDS)
systems according to [55], there are many challenges in designing and developing story worlds. Among them is
the Narrative Paradox challenge [8]. This challenge is defined by Henrik Schoenau-Fog as a conflict between
the freedom of choice of a user and the control of the main storyline [55]. When stories are linked to objects in
these environments, interactive virtual environments as parts of IDS encounter this problem. Users might miss
finding these triggers and not perceiving important information as a result. Thus, narrative paradox solutions are
significant contributions to an IDS methodology.

There are several works arguing in favor of emerging narratives as possible solutions to this challenge
[38, 51, 61]. These are presented in the form of stories that emerge from the players’ interaction with the
gameplay governing systems. This proposed solution could not be taken into consideration as our case study has
already predefined stories.

As Champion states in [12], although our approach has game elements, it cannot be considered as traditional
Serious Games as authors have described in [4].

Argyriou et al. [6] propose a conceptual gamification framework for VR applications based upon the use of
game elements in a 360° video environment to enhance user interaction with a case study of the Cultural Heritage
site, in Rethymno city, Greece. The work presented by Argyriou et al. introduces a similar case study to the
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work presented in this paper. It uses 36@deo to convey information, it has a quiz with questions from videos,
and it has a motivational factor. The main advantage of these approaches is that the game presented has good
replayability value, which is not the case with our case study.

Ivkovic et al. B3 also use 360videos for representation of Cultural Heritage in presenting the Bridges of
Sarajevo. The user study that is presented with this work has shown that users like\B86os and the freedom in
choosing the order of the stories, in addition to the reward at the end. The advantage is a high level of immersion
and the user study corroborates this as it is reported that a signi cant number of users felt like they were walking
on the real bridge while watching the 36&ideos.

A cinematic use of 360videos and their application in Cultural Heritage is also described by Dowling et al. in
[2]]. The authors made a 36@ideo about the Faoladh legend in late 9th century Ireland and uploaded it on
YouTube. Afterward, they analysed YouTube Analytics of that video.

Elmezeny et al. in27 also consider 360videos and their two dimensions of immersion: technical and narrative.
Like in our case, they did a user evaluation with a comparison between 8&os and traditional ones.

Russia's Hermitage Museumd{], in partnership with the Russian video production company Videofabrika,
has created a novel VR experience for visitors, called The Hermitage VR Experience. This takes the form of a
19-minute movie in 360format. This is a new format in historical pedagogy through an interactive and immersive
experience.

When considering historical pedagogy, it is essential to mention a paper by Sylaiou éiGiwhere authors
measure the educational impact of diverse technologies in online virtual museums.

Christopoulos et al. 13 present another project that uses IDS and VR to represent Intangible Cultural Heritage.
The authors describe the Battle of Thermopylae as an interactive VR application. The application consists of a
3D format and IDS game introductory video. What is interesting and di erent from our project is that for Head
Mounted Displays (HMDs), the authors chose a Powerwall type of VR. They chose this because they wanted to
make the application accessible to large groups of people visiting the museum as well as taking into account the
social aspect of a visit to the museum.

Ashima et al. b7 uses a combination of emotional storytelling, VR and game elements to awaken people's
awareness of the dangers of plastic. This approach is like ours in a way that it wants to get an emaotional reaction
from users, and it uses similar methods to accomplish this.

2.2 Interface

Virtual reality provides a computer-generated environment experience, typically delivered through a VR headset
as an audio-visual stimulation. These indications simulate physical presence in a VE with a potential addition of
olfactory, tactile, and other modal integrations. The interaction is one of the key aspects related to immersion, a
system's ability to produce a sense of presence. Interaction has been investigated in many areas, from interactive
multimedia instructional p7] and interaction between human and computesq. The interaction mode can

be divided into several parts: locomotion to navigate through the virtual environment; selection scenario-
dependent mode, used to interact with virtual objects; manipulation to change the position, orientation or shape

of an object; scaling to explore object details (scaling up) or environment (scaling down); and menu interaction
to perform activity. Our study focuses on the selection and menu interaction that is directly correlated and
should therefore be considered holistically.

Two elements are essential for selection: identi cation, so that the systems know which object to select; and a
command to select the identi ed object. The selection may be local, where the object is within reach, and at a
distance where the user is unable to reach the desired object. Through laser beams, spotlights, gaze selection or
voice input, the latter can be achieved. Mendes et4# proposed a selection taxonomy that includes cardinality
- the number of objects that can be selected simultaneously and gradual re nement-gradual subselection among
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multiple larger groups of initially selected objects. Argelaguet and Andufdrdropose a comprehensive survey
with a classi cation of selection techniques.

Menu interaction is a vital aspect of many interactive systems, enabling additional, extended functionality to
be added. While in conventional 2D interfaces this is a very common interaction style, it is an actively researched
topic in the 3D VE domain. Di erent techniques have been explored since the emergence of VR applications and
taxonomies have been proposett]. One approach is to use common 2D menu types in 3D VR environments,
such as pop-up and pull-down menu84, which can be xed to the view port of the camera, used as a heads-up
display (HUD), or oating in 3D space, with prede ned position and orientationd 14. The other approach is
to use more natural paradigms in 3D space with physical 3D menus, e.g. spin / ring mezigsHinally, those
using diegetic interfaces are the most natural menu implementation in 3D VB2 As part of the game world,
these interfaces exist and are visible to the player and the player's character. However, selecting a suitable type
of VR menu should be based on interaction style and purpose, application domain, and possibly other factors. See
[15, 37] for a comprehensive overview of 3D menu paradigms and taxonomies.

2.3 Evaluation

Researchers frequently use the Technology Acceptance Model (TAM) proposediidy [evaluate user attitude

and behavioral intent towards the use of a new technology. Reasonable Action Theory was adapted and referred
to as the Technology Acceptance Model (TAM) kiy]. The TAM is used to model the acceptance of technology

by users and their use at work. Two constructs explain user motivation in the basic version of TAM: perceived
usefulness (PU) and perceived ease of use (PEU).

Perceived ease of use refers to the degree to which the user expects e ortless use of new technology. Not only
are external factors in uencing these two constructs, but authors show that PEU also in uences PU. The attitude
of users towards the use of new technology is a ected by both PU and PEU, and this leads to potential actual
use of the system. Later, a modi ed version of TAM was developed1#.[A new factor was introduced in this
version apart from PU, PEU, and actual usage: intention to use. The intention to use in uences both PU and
attitude towards use, which in turn a ects the actual use of the new technology.

Venkatesh and Davis de ned the latest version of TAM{. They found out that both PU and PEU have
a direct in uence on behavior intention, so they replaced the attitude towards use and intention to use with
behavioral intention factor which in uences the use behavior. Ultimately, based on previous research, the Uni ed
Theory of Acceptance and Use of Technology (UTAUT) was developed by Venkatesh@f]aUTAUT has four
predictors of the behavior of the user: PU involved in Performance Expectancy, PEU in a construct called E ort
Expectancy, and new predictors of the behavior of the user: social in uence and facilitating conditions. Figure 1
shows the UTAUT block diagram.

VR's recent popularity presents researchers with the challenge of nding relevant determinants of VR ac-
ceptance as well as the advantages of using VR compared to other digital content technologies. Bertrand and
Bouchard (2008)] have tested how the Technology Acceptance Model (TAM) applies to the use of virtual reality
in clinical settings and have shown that intention to use VR is only predicted by Perceived Use. Fagan et al.
(2012) 4 explored the combined in uence of personal innovation in the IT domain and the basic constructs of
TAM: perceived ease of use and perceived usefulness. Their case study involved the use of a medical emergency
crash cart by nursing students and VR simulation. The authors found that intent to use was explained by the
TAM constructs and also showed that the perceived ease of use had a signi cant positive relationship with
perceived usefulness. Manis and Choi (2038} gxplored the extension of the (TAM) by incorporating perceived
enjoyment into the acceptance of VR hardware as a key belief variable.
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Fig. 1. Unified Theory of Acceptance and Use of Technology - UTAUT, adopted from [67]

3 MOSTAR BRIDGE DIVING

The diving takes place in Mostar, a town in Bosnia and Herzegovina famous for its Old Bridge. It is an Ottoman
bridge, designed by Mimar Hayruddin, a student and apprentice of the famous architect Mimar Sinan and built
over the Neretva River in the 16th century. During the aggression on Bosnia and Herzegovina, the bridge was
destroyed by Croatian military forces on 9th November 1993 and rebuilt in 2004. Diving from this bridge is a
tradition that began in 1664 and is today preserved as part of the Intangible Cultural Heritage of B&H. The aim
of the project is to present through VR storytelling and virtual diving the history of the Bridge and cli diving
tradition. Users watch short VR stories about the Bridge, its history, destruction and reconstruction, and they can
make a virtual jump through a VR computer simulation if they evidence, by means of a quiz, enough learning
from the VR storytelling.

3.1 VR Storytelling

The project structure is shown in Figure 2. Users select stories from the 3D menu after an intro story. They
perform a quiz after watching all the stories to assess how much they have learned. If the questions from stories
are answered correctly, they can proceed to the simulation of the virtual bridge dive. Everything is ins366e

the application is designed for a Head Mounted Display: the stories, the user interface, the quiz and the simulation
of bridge diving. The link to download the executable application of the project is provided online [54].

Digital storytelling follows the rules of storytelling typically used in other media like the theatre and Im.
Within the Sarajevo Charter platformJg, we de ned the guidelines for interactive digital storytelling and
most of these guidelines have been implemented in the stories for this project. VR video, however, brings new
challenges with it, as those rules no longer apply. For example, the story as de ned in Im language grammar
is not staged or directed as our viewer can now turn around and watch the content in a &8@ of view. VR
stories need to convey the information to the user while using the VEs immersive potential.

The storytelling has been structured into ve stories for this project. The story themes are Introduction,
History of the Old Bridge, Destruction and Reconstruction, Architecture of the Old Bridge and the Interview
with a Contemporary Diver. This structure is shown in Figure 2. The introduction story provides an historical
overview of the Old Bridge, the bridge diving tradition and the content of the application. It is a combination
of the voice-over narration and Bridge's 360ideos. The stories about the Bridge's history, its architecture,
destruction, and reconstruction are similarly implemented with 3&6deos recorded in and around the Bridge in
di erent positions. The story of bridge diving takes place as an interview with Lorens Listo, the famous champion

ACM J. Comput. Cult. Herit., Vol. 1, No. 1, Article 1. Publication date: January 2019.



Improving Accessibility to Intangible Cultural Heritage Preservation using Virtual Reality 1:7

Fig. 2. The structure of the Mostar bridge diving application

of bridge diving, and a city legend. He describes the tradition of bridge diving, competitions, the types of jumps
performed in competition, as well as his emotions for this sport and motivation to devote his life to it.

A Garmin VIRB 360 Action Camera recorded all VR videos. Two microphones (Sennheiser ew 100 ENG G3
Wireless Microphone Combo System) and one audio recording device (Tascam DR40) recorded the sound for the
interview separately. We chose not to spatialize the sound and chose to present sounds in a binaural fashion. This
interferes with the user immersion3Z], however, and this is con rmed in the user experience evaluation results.
The guidelines for interactive digital storytellingd( are followed as much as possible. We did not use actors in
this case, but the stories still have a unique visual identity. Professionals were involved in all elds of content
creation, the content was divided into sub-stories that can be viewed independently, and the stories are short,
dynamic and informative. The motivation factor was introduced, as emphasise@@hgnd [49, to inspire users
to watch all the stories and solve the narrative paradox. In this project, the motivation is to experience bridge
diving through the VR simulation. This is enabled if the user passes the quiz to the questions framed around the
video story information with su cient correct answers (60% threshold).

We created a WebGL application with the same content for users who do not have access to Head Mounted
Displays P7. Navigation and interaction with VR videos and environments through mouse and keyboard
commands are implemented in this application. We will compare two experiences in the Evaluation section to
show the advantages of implementing VR through HMDs over the conventional Web version.
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