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Abstract— Interactive contents are widely developed through
Virtual Reality (VR) technologies. Hardware devices and digital
contents are significantly increasing and support interaction system
to immerse users into a Virtual Environment (VE). In order to
develop interactive application, interaction is always defined before
creating application up to selected platform. It depends on a given
content and devices which is limited when considering switching
platform. We proposed a novel method for developing an
application providing digital storytelling template to create
interactive content and adaptive interaction system where an
application is exportable into any selected device. Our framework
has 4 components: Data model, Storytelling model, VR model and
Devices connection. We provide flexible editing tools for developer
to manage the content structure. The interaction usage will be
interpreted into a high-level abstraction and run on a low-level
hardware device where interactions have been adapted. Storytelling
will specify interaction behavior which can drive interaction in a
virtual scene even device may be switched. Here a use-case of
digital heritage application in Virtual Museum (VM) will show the
development process different interaction system and allow to
access respect to devices.
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INTRODUCTION

Virtual reality (VR) technologies are used for various
purposes. Archaeology is one branch that applies VR for
demonstrating actual objects or architecture with mock-up as
three-dimensional models. Virtual Museum (VM) applies VR
concepts with multimedia information and computer graphic
technology. The objective of a VM is to provide more
information about historical artefacts to complement, enhance,
or augment the museum experience through personalization
and interaction. The design and development of VM considers
interactivity in the system to allow users to learn about
collection of archaeological artefacts. Interactive VM becomes
a large multimedia center where users easily access the
artefacts and can convey the contents through interaction
[1][2]. VR technologies may play an important role to develop
VMs that allows history more attractive for learning along with
entertainment. By the way, the keystone remains a good
storytelling while interaction is the modality to follow history.
A Virtual Museum exhibition must be designed making
collaboration between creator who specify story and contents
with technologies. It is thus a collaborative sign issue.

In the digital content era, thousands physical bricks of
information about cultural heritage are converted to digital
content. Moreover, there are many devices and technologies
which allow users to access data and to visualize it, but there is
no real support to transform these data and tell users a nice
story and why not history. Museums are storyteller [3] and VM
could be performed on the same way, we need a storytelling to
drive virtual environment behavior in VM. Interactive digital
storytelling projects have been successful when applied to
games, films, or multimedia [4]. Thus, interactive digital
storytelling should be applied to enhance learning potential in
VM as well. However, in VM, user interaction is strongly
related to virtual environment to create the storytelling.
Interactive storytelling should transform exhibitions which
present different points of view based on arrangements and
user interaction. By the way, the tools to support interactive
digital storytelling development are indeed required and could
also be compatible with interaction system.

Interaction emphasizes things to enable users to get into
virtual environments. However, interaction system which
combines several devices together leads to investigate common
interaction usage for developing adaptive interaction system.
Different visualization becomes complicated problem to define
user interface (Ul) to represent the given content. Different
input devices are another complexity to enable interaction
usage for given devices. Furthermore, interaction system
should support interactive storytelling to select suitable
interaction usage for devices.

This paper focus on defining high-level abstract functions
for storytelling to support creating interactive content and
interaction designing which can use with different devices.
There are some limitations of devices thus the level of presence
and interaction must be analyzed to classify interaction usage.
However, to address adaptive interaction system issue requires
not only to solve the problem of both Ul and interaction but
also to support interactive content development. Hence, we
need to investigate what storytelling structure is expected for
developing interactive content and also device classification is
organized to specify interaction behavior then the application
will be adapted suitable on provided devices. Eventually, the
interaction system will be evaluated to find each potential
which one is good for learning in VM.

Il. RELATED WORKS

A development of VR application in the context of adaptive
interaction system must let switch between devices but
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interaction must be adapted to device capacity that can be
classified. By the way, interactive content must ensure that
storytelling involve interaction as a part of the application.

Device classification for interaction support will be
essentially issued to normalize interaction behavior. [5][6]
classified various systems to explore the potential of 3D
visualization techniques to become the right support tool.
Visualization has a different impact on user perceptions which
mean also having distinct potential. Indeed, not only
visualization but also input devices should be classified to
interaction capability which consist of both its input and output
devices. In order to have more understanding of interaction, [7]
has introduced taxonomies of interaction techniques for tasks
which are selection, manipulation and navigation. Tasks and
subtasks must fit interaction techniques. Then we can
determine behavior which will be a high-level abstraction of
interaction.

In parallel it was developed frameworks for developing
user interfaces adapted to multiple contexts of use that
classified tasks and concepts. In [8] Calvary et al. have
classified Ul supporting multiple devices and support some
adaptation to change the context of use applied four levels of
task and concepts, abstract user interface, concrete user
interface and final user interface. While [9] Coutaz and Calvary
extended model and design using Model-Driven Engineering
(MDE) to define meta-models, transformations and mappings
to address the problem of Ul plasticity. In this case traditional
2D display applications are the main focus.

There are several platforms for creating a VE by developer
who handle several kinds of devices. VR Juggler [10] is a
virtual platform providing a virtual reality system-independent
operating environment. This platform supports many graphics
engines and network distribution through NetJuggler but no
high-level support for application distribution. AVANGO/NG
[11] is a distributed scene graph framework. It applies a generic
field container  programming interface based on
OpenSceneGraph and develops an entire application with
Python scripting support. Vizard [12] is VR toolkit for
interactive 3D content, scripting with Python undertaking many
commercial devices and also achieving extraordinary rendering
including multi-user, clustering, and multi-channel abilities.
InVRs [13] implements Collaborative Virtual Environments
(CVEs) approach in the form of a highly extensible, flexible,
and modular framework with pre-defined navigation and
interaction techniques. Configurable via XML, it has a network
distributed virtual world using OpenSG as a scene graph
engine. pSIVE [14] platform allows easy setting up of VEs
with interactive content and also has a generic model to be
applied in different contexts by non-expert users.

These several platforms are considered to be an idea for
creating a digital heritage application by taking an advantage of
each platform. Storytelling component will be compatible with
interaction system for supporting interactive content.
Therefore, a system should meet the following requirements

e A storytelling structure which provides high-level

o A flexible display that supports amongst others a
variety of different screen configurations.

e A supported tool for multimedia and interaction
handler.

Storytelling is the art to present the content by telling a
story which is an effective educational tools [15] for teaching
and learning. To be easily translated into a virtual environment,
the story must be modeled into a structured framework. The
storytelling must be evaluated into an instantiation of ontology.
The ontology should be connected to the interaction system to
make interactive environments able to transfer context
understandable for user.

I11. INTERACTION SYSTEM IN VIRTUAL MUSEUM

Device technologies have emerged as areas of significant
interest to be deployed as tools providing advance interaction
for the generation of virtual museums. Designing a virtual
museum exhibition will use several devices as information
conveyors for knowledge construction, acquisition and
integration. According to museum visitor study [16], virtual
visitor’s behaviors in the virtual environments were identified
as similar to the behaviors of real visitors in a real museum
environment. Visitor behavior is an important indicator about
interaction in virtual museum which provides learning ability
that devices relate to.

On-site Installation is the type of virtual museum where
high level interaction is expected. Visitors will interact to
access the content that they are interested in. Then the research
question could start from this point to investigate the needs of
interaction and devices potential. Interaction system has a loop
process to receive and respond to user action through devices.
Therefore, we expected to analyze devices will be studied, to
get the factors improving learning of users and enabling
selecting of devices in the application.

Differences of input and output devices become
complicated problem to find good interaction to retrieve
content. There is no model to select interaction tasks where
several devices and display can be changed. We proposed to
separate consideration for output devices to present content and
input devices to interact with content. Difference kinds of
device lead to have different characteristic that must be
investigated. Characteristics of output displays are from
presentation capacity up to space and environment of display
while input devices characteristics are about interaction
techniques up to degree of freedom of device. Here the main
research questions are:

e How can we define high-level abstraction for
interaction system development where and interaction
are different to supports displays and devices
switching adaptability?

e How to transform interaction of each device which
has different degree of freedom to enable the tasks
even if device is changed?

specification for application distribution over
interaction system.
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Figure 1. Adaptive interaction system based on storytelling

In order to study interaction process, Collaborative Virtual
Environment (CVE) is expected to manage device connection
in the system. Usually, CVE is used to for collaboration and
interaction of multiple users to work together on VR
application [17]. However, CVE does not provide only
multiple users in the system, but also enable using multiple
devices together in the same application. Thus, CVE is a tool
which facilitates flexibilities of using devices.

IV. RESEARCH PROPOSAL

The objective of this research is to advance the state of the
art about interaction within virtual environments to support
learning in virtual museum. The essential aspects are
interacting system and contents ontology. Storytelling model
will become the abstract level definition of the virtual
environment. The CVE is the intermediate technical brick to
connect media content and user interaction through devices. A
CVE platform will be used to join multiple devices and manage
all tasks of interaction. Furthermore, the content structure must
be defined within ontology to get interactive environments
leaded by this content structure during user interaction. Hence,
there are two main sub objectives:

e To develop the adaptive interaction system provides
high-level abstraction for switching devices to
investigate suitable devices for manipulating an
environment in the virtual scene.

e To develop a complete process of Storytelling for
designing interactive content dedicated to virtual
museum which allow users interact efficiently with
the proposed knowledge.

The suitable interaction device must be selected thanks to a
knowledge adapted to digital heritage applications. The
potential difference between devices is part of this knowledge.
The contents of digital heritage application would be efficiently
accessed with selected devices providing better knowledge to
the wusers. Device classification will provide interaction
techniques for selected device to access interactive content.
The study of the devices capabilities will define interaction
flexibility and limitation. By the way, we develop a storytelling
ontology useful for modeling the specification of expected
interactions for virtual museum users. It is assumed that users
will get more understanding about digital heritage contents.

Adaptive interaction system is developed with the proposal
to transfer data from history resource provide to user through
interaction. First, Data model will retrieve historical data to the
platform to create a story which handles multimedia and
represented by hierarchical data to make easier management.
Afterward, in Storytelling model we can select the devices and
a template to provide the interaction behavior from high-level
abstraction adapted to device. At this point each object in VE
can be attached with interaction. It allows developers to make a
flow of story by supporting tool for multimedia and interaction
handler where storytelling will specify interaction behavior in
the scene. Virtual scene is thus an instantiation of the
Storytelling model which provides knowledge representation
transformed to be a new structure of interaction and
multimedia. In VR model, CVE becomes an intermediate
connection between story and devices. Driver of the selected
device will be loaded and tuned such that orientation follows
visualization where content has been parsed and run as a virtual
scene. Finally, an application will be compiled at a low-level
respect to interaction behavior, devices are launched allowing
user to interact in the virtual scene.

When we have a new content or story the process will
return to Storytelling model to provide a new environments and
devices able to switch to. Each application is evaluated to find
devices capabilities. The overall scheme to build an application
is in Figure 1.

V. INTERACTION TRANSFORMATION

Adaptive interaction system from Storytelling model to
Devices connection has two types of transformation data which
have different characteristics. A vertical transformation [18] is
a transformation where the source and target models reside at
different abstraction levels. The vertical transformation is
changing level of interaction behavior as see from T1, T2, T3
and T4 in figure 2. It is a transformation into a lower level of
interaction. First, device classification produces a formal high-
level interaction abstraction to be the same interaction
techniques where devices are distinct. Then interaction
behavior was created by Storytelling model to specific
interaction into virtual scene. Here, T1 will be transmitted to
VR model, interaction behavior is loaded from high-level and
will be transformed to specific device. In VR model device has
been selected through CVE application, interaction is
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Figure 2. Model transformation from high-level to low-level abstraction

transformed to new characteristic which apply to the device.
T2, T3 and T4 are the interaction transformation from selected
device. Here, we can approach these transformations to study
capabilities of different devices.

A horizontal transformation [18] is a transformation where
the source and target models are at the same abstraction level
which changes the internal function of interaction. Considering
T2 and T3 are interaction transformation using PowerWall +
Desktop devices and Haptic arm + Stereoscopic display
respectively. The T5 is a horizontal transformation passing
through T2 to be another transformation which has different
characteristic compare with T3. Here, T3 and T5 use the same
devices that are Haptic arm + Stereoscopic display, but use
different interaction functions.

In figure 2 at low-level technology we presented interactive
digital heritage application applied to distinct devices
connection. Storytelling assigned interaction behavior to the
content through CVE with high-level abstract functions and
transforms interaction according to selected devices.
Transformation of each level will be studied to investigate
devices capability.

V1. EVALUATION TOOLS

Our concept is concerned with storytelling and interaction
system to ease user learning abilities and cognitive absorption.
To ensure this interaction system is efficient for virtual
museum application both storytelling and interaction system
must be evaluated. The first assessment is about scenarios from
Storytelling model. All impact variables of story and 3D
environments must be studied to find good storytelling style.
When scenario is performed in VR model, the system is able to
toward using any devices where high-level abstraction of
interaction functions is provided. Then devices will be
evaluated to study learning potential when using different
devices. Finally, all evaluation will be managed to finalize how

to develop an immersive digital heritage applications which
have efficient storytelling and devices.

A. Scenario evaluation

Scenario evaluation [19][20] is interactive content testing,
transformation data from Data model to Storytelling model
correspond to the CVE application. 3D models were imported
to specify interaction behavior in scenario by storytelling.
Thus, to confirm Storytelling model provides good narrative
story we should explore and analyze factors of storytelling that
influence user learning. Immersion evaluation may be
processed on a set of users thanks to questionnaire as applied
by several authors to ease:

e  Comprehension [20]: Understanding the structure of
content by discovering story flow.

e  Curiosity [21]: Attraction to explore the story in the
scenarios and how interesting content makes visitors
try to discover knowledge.

e Concentration [22]: The flow of story makes attention
to visitors with focusing on the content.

Typically, game immersions evaluation assesses challenge
and control. Our scenario unlike game playing, challenge and
control factors are not considered in this case because we have
no mission to conquer. Therefore, only comprehension,
curiosity and concentration are considered to find good
assessment criteria.

B. Device evaluation

When information from Storytelling model is transformed
into CVE application and all devices are connected then user
interaction will start. User interaction is concerned about
Interaction Techniques (ITs) and devices. ITs evaluation [23]
has been proposed already that will be used to be a part of
evaluation in this research. Thus, our research will extend ITs
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Figure 3. User testing and evaluation process

evaluation to explore device performance while using ITs to
find capability of devices. There are two categories of factors
related to the devices evaluation that are separated to be
quantitative and qualitative value for convenient of measuring
the performance.

Quantitative factors:

e Movement: In human-computer interaction, Fitts’s
law [24] will be used to evaluate movement with time,
speed and accuracy of devices used.

e Information gathering: Device’s ability to obtain
information, questionnaire will be used measure the
amount of reminded information.

Qualitative factors:

e Ease of use: Complexity of technique using from
user’s perspective. User should be able to control VE
as desired with all functions when the device is used
to interact with.

e Ease of learning: The ability of a novice user to use
devices and experienced user. We separate 2 cases of
using without explanation and briefing how to use the
device before interacts to see the differences and
formulate learning score of the device.

e Awareness: User’s knowledge through devices
orientation and performance. Especially, output
devices that user does not interact with. This value
helps us to formulate passive device score when use a
device without interaction.

e User comfort: Discomfort or sickness while using
devices. In VR system many devices have an effect
for user and this comfort evaluation will be involved
to develop application in practice.

VIl. CONCLUSION

The direction of virtual museums development is mostly
based on On-site Installation since the device technologies are
coming to support user interaction. Interaction has been used
into the applications but level of immersion is still low for

knowledge to users. Interaction within virtual environments is
an active learning that should be the new way to get
knowledge. User interaction, therefore, play an important role
to help user transfer knowledge by themselves. Furthermore,
storytelling will be used to support user understanding in
context of story using ontology. This paper proposed a high-
level interaction abstraction model where storytelling model
specify interaction behavior to drive interaction in scenario
where devices may be switched. Our adaptive interaction
system supports to identify devices capabilities and storytelling
expectation which could be selected for efficiency learning
system and improve level of immersion. We claim that the
development of adaptive interaction system will help us to find
good presentation and interaction for any given content and
devices capacities can be evaluated. This implementation is
useful to deploy not only for the development of digital
heritage applications but also for industrial engineering where
interactive content and collaborative working are required.

VIIl. ACKNOWLEDGMENT

This research was supported by Franco-Thai scholarship
(French Government) and Walailak University, Thailand.

IX. REFERENCES

[1] Bruno, S., De Sensi, G., Luchi, M. L., Mancuso, S., &
Muzzupappa, M. (2010). From 3D reconstruction to
virtual reality: A complete methodology for digital
archaeological exhibition. Journal of Cultural Heritage,
11(1), 42-49.

[2] Walczak, K., Cellary, W., & White, M. (2006). Virtual
museum exhibitions. IEEE Computer, 39(3), 93-95.

[3] Bedford, L. (2001). "Storytelling: the real work of
museums."” Curator 44(1): 27-34.

[4] Pujol, L., Roussou, M., Poulou, S., Balet, O., Vayanou,
M., & loannidis, Y. (2012, March). Personalizing
interactive  digital storytelling in archaeological
museums: the CHESS project. In 40th annual conference
of computer applications and quantitative methods in
archaeology. Amsterdam University Press.

[5] Wits, W. W., Noél, F., & Masclet, C. (2011). Exploring
the potential of 3d visualization techniques for usage in

learning in virtual museum. Reading, listening or watching are collaborative design. In Interdisciplinary Design:
traditional passive learning modality for transferring
15° Collogue National AIP-Priméca 5/6 La Plagne (73) — 12 au 14 avril 2017



Proceedings of the 21st CIRP Design Conference. Mary
Kathryn Thompson.

Noél, F., Nguyen, A., Ba, N., & Sadeghi, S. (2012).
Qualitative comparison of 2D and 3D perception for
information sharing dedicated to manufactured product
design. In Cognitive Infocommunications (CoglnfoCom),
2012 IEEE 3rd International Conference on (pp. 261-
265). IEEE.

Bowman, Doug A., Donald B. Johnson, and Larry F.
Hodges. "Testbed evaluation of virtual environment
interaction techniques.” Presence 10.1 (2001): 75-95.
Calvary, G., Coutaz, J., Thevenin, D., Limbourg, Q.
Bouillon, L., Vanderdonckt, J., A Unifying Reference
Framework for Multi-Target User Interfaces, Interacting
with Computers, Vol. 15, No. 3, June 2003, pp. 289-308.

[6]

[7]

[8]

[9] Coutaz, J., & Calvary, G. (2012). Hci and software
engineering for wuser interface plasticity. Human-
Computer  Interaction  Handbook:  Fundamentals,

Evolving Technologies, and Emerging Applications,
Third Edition, 1195-1220.

[10] A. Bierbaum, C. Just, P. Hartling, K. Meinert, A. Baker,
and C. Cruz-Neira, "VR Juggler: a virtual platform for
virtual reality application development,” Proceedings
IEEE Virtual Reality 2001, 89-96 (2001).

[11] RKuck, R., Wind, J., Riege, K., Bogen, M., &
Birlinghoven, S. (2008). Improving the avango vr/ar
framework: Lessons learned. In Workshop Virtuelle und
Erweiterte Realitat (pp. 209-220).

[12] WorldViz,"VizardVRSoftwareToolkit,"2016, http://mww.w
orldviz.com/products/vizard (28 November 2016).

[13] C. Anthes and J. Volkert, "inVRs—A Framework for
Building Interactive Networked Virtual Reality Systems,"
High Performance Computing and Communications
Lecture Notes in Computer Science 4208, 894-904
(2006).

[14] Souza, D., Dias, P., Santos, D., & Santos, B. S. (2014).
Platform for setting up interactive virtual environments.
In IS&T/SPIE Electronic Imaging (pp. 901200-901200).
International Society for Optics and Photonics.

[15] Rossiter, Marsha (2002). "Narrative and Stories in Adult
Teaching and Learning” (PDF). Educational Resources
Information Center 'ERIC Digest' (241).

[16] Chittaro L., and leronutti L. (2004) A Visual Tool for
Tracing Behaviors of Users in Virtual Environments,
Proceedings of AVI 2004: 7th International Conference
on Advanced Visual Interfaces, ACM Press, New York.
pp. 40-47.

[17] Wright, T., and Gregory Madey. "A survey of
collaborative  virtual  environment  technologies.”
University of Notre Dame-USA, Tech. Rep (2008): 1-16.

[18] Mens, T., & Van Gorp, P. (2006). A taxonomy of model
transformation. Electronic Notes in Theoretical Computer
Science, 152, 125-142.

[19] Weibel, David, and Bartholomdus Wissmath. "Immersion
in computer games: The role of spatial presence and
flow." International Journal of Computer Games
Technology 2011 (2011): 6.

[20] Hua Qin , Pei-Luen Patrick Rau & Gavriel Salvendy
(2009) Measuring Player Immersion in the Computer
Game Narrative, International Journal of Human-
Computer Interaction, 25:2, 107-133, DOl:
10.1080/10447310802546732

[21] Pace, S. (2004). A grounded theory of the flow
experiences of Web users. International Journal of
Human—Computer Studies, 60(3), 327-363.

[22] Sweetser, P., & Wyeth, P. (2005). GameFlow: A model
for evaluating player enjoyment in games. Computers in
Entertainment, 3(3), 1-24.

[23] Bowman, Douglas A. Interaction techniques for common
tasks in immersive virtual environments. Diss. Georgia
Institute of Technology, 1999.

[24] Soukoreff, R. William, and 1. Scott MacKenzie.
"Towards a standard for pointing device evaluation,
perspectives on 27 years of Fitts’ law research in HCI."
International journal of human-computer studies 61.6
(2004): 751-789.

15° Collogue National AIP-Priméca

6/6

La Plagne (73) — 12 au 14 avril 2017



