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Visualization as a field can be defined as the process of turning data into interactive
images to provide insight or knowledge to a user. New innovations in virtual reality
hardware open up new opportunities in the field of visualization, rather than merely
for entertainment. My research portfolio and poster highlight two visualization projects
that I have created that utilize current virtual reality hardware, the HTC Vive and the
University of Hawai‘i at Manoa’s Laboratory of Advanced Visualization and Applica-
tions (LAVA) Destiny-class CyberCANOE. The At-Risk Artifact Visualization System
will allow users to view and study 3D models of archaeological artifacts and sites that
are considered “at-risk” within the cypberCANOE. “At-risk” in this case is defined as: an
archaeological artifact or site in danger of destruction by either human or environmental
influences. Kilo Hokii, optimized for the HTC Vive, is an immersive virtual reality sim-
ulation to aid in the visualization and education of Hawaiian star navigation practices.
The goal of this portfolio is to demonstrate the possibilities virtual reality and visualiza-
tion have for the field of cultural preservation.

Virtual and augmented reality (VR and AR) have gained

Introduction

All of my work revolves around Hawai‘i in different ways. Born
and raised on Kaua‘i, I use my knowledge of visualization and
design to create tools that help preserve Hawai‘i-centric knowl-
edge. Through this portfolio, I will present my best works that
involve research and educational topics in Hawai‘i. Through
these projects, I would like to demonstrate the benefit of utiliz-
ing virtual reality for cultural preservation.

mainstream popularity since the release of affordable hardware
such as the Oculus Rift. Due to the introduction of VR head-
sets intended for entertainment, VR is more accessible than it
ever has been before. VR has the advantage of immersing the
user in scenarios and environments that may not be possible to
experience in reality. Both of my projects, the At-Risk Artifact
Visualization System and Kilo Hoka will be implemented in a
VR environment and utilize this advantage.

Traditionally Hawaiian knowledge is taught through oral

advantages and limitations.

This portfolio was created to fulfill my Honors program requirements with the help of my mentor
Jason Leigh. | wanted to study in what ways virtual reality could be used to help in the preservation
of Hawaiian knowledge. It is typical to think immediately of video games when discussing virtual re-
ality, but | wanted to see what else could be created for Hawai‘i's benefit with virtual reality’s current
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2 Manoa Horizons

traditions. Today cultural knowledge is preserved through mele
(song), oli (chant), and other oral traditions. These traditions
can be implemented within the virtual environment while the
user is immersed in a space that will give them the best context
for what they are learning. In this way, virtual reality has the
ability to replicate traditional Hawaiian methods of teaching
better than through typical written media.

Of course virtual reality cannot compare to learning from
a kumu (teacher) in person. However, the main advantage of
virtual reality is that it can make a world accessible to those
who are not in Hawai‘l. Hawaiians living in diaspora often
grow up not learning their culture or feeling that they do not
have a right to their culture because they are not in the islands,
which can cause various problems and identity issues (Lee,
2003). Through the accessibility and immersiveness of virtual
reality, Hawai‘i and access to cultural knowledge can be attain-
able wherever one may happen to reside.

Project Descriptions
AT-Risk ARTIFACT VISUALIZATION SYSTEM

For this project I designed an interactive visualization system
for at-risk archaeological artifacts. The analysis of artifacts is in-
tegral to archaeology, but due to problems such as the artifacts
own fragility, ethical disputes over ownership of artifacts, and
natural and anthropogenic factors, many artifacts are consid-
ered to be at-risk of being damaged, destroyed, or inaccessible to
researchers. Currently, there are techniques to preserve these at-
risk artifacts, however, degradation is unavoidable at every stage
of the archaeological process. However, with the increasing af-
fordability of 3D scanning technologies, the ability to create 3D
data products has become available to archaeologists. With this
advantage, I produced a VR visualization prototype that created
an intuitive user experience for archaeologists through lessons I
learned through archaeological experience and research.

The visualization system itself will be developed in the
Unity3D Game Engine. Unity has the ability to import .obj files
that were acquired through 3D scanning. The method to col-
lect 3D image data was through the Structure Scanner, a porta-
ble 3D scanner that attaches to an Ipad. Through an app, one
can use the iPad-scanner combination to create 3D point data
of a desired object. The hardware that displays this visualiza-
tion system is the University of Hawai‘i at Manoa’s Laboratory
for Advanced Visualizations and Applications’ (LAVA) Destiny
Cyber-CANOESs (Cyber-enabled Collaboration, Analysis, Navi-
gation, and Observation Environment). With its large screen
and capability for multiple users to interact with the visualiza-
tion system, it allows for collaboration when studying the 3D
artifacts.

To collect relevant data, I volunteered at the Department
of Anthropology Archaeology Lab at the University of Hawai‘i
Minoa to scan Hawaiian artifacts. Many Hawaiian artifacts can
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Figure1 The Structure Scanner

Figure 2 Mpyself, using the At-Risk Artifact Visualization Sys-
tem in the Destiny cyberCANOE

be considered at risk due to the remote locations they are found
in, their age, and conflict between taking or leaving artifacts
from where they lie. Through 3D scanning, artifacts can be left
in peace, but archaeologists will still be able to study their rele-
vance and context through the 3D model.

KiLo HOKO

Development for the Kilo Hokii project started in ICS
691-Virtual Reality, a course taught by Jason Leigh. Kilo Hoka
is developed by a team of four including myself, Patrick Karja-
la, Anna Sikkink, and Dean Lodes.

The night sky offers a map to those who know how to
read it. During the time of the Hawaiian Renaissance, in the
year 1973, the practice of traditional navigation was brought
back to Hawai‘i with the founding of the Polynesian Voyag-
ing Society (Low, 2013). Through the efforts of the crew and
affiliates of the Polynesian Voyaging Society, the knowledge of
non-instrument wayfinding has been recovered. A large part of
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Figure 3 Myself, using Kilo Hoki (left), and what it looks like
from my perspective (right).

the technique for traditional navigation is to be familiar with
particular stars and constellations, and their movement in the
night sky. Kilo Hok, literally “To observe the stars,” is a VR ap-
plication to help teach users about the important stars and con-
stellations in the night sky in a Hawaiian context. Kilo Hoka
allows users to control and investigate the night sky with the
use of a HTC Vive. Through the unique experience VR creates
for the user, the user is able to learn to become familiar with
the sky in a more natural way, as they are immersed in a VR
star dome, than they would studying a typical paper star map.

The project is developed using the Unity3D Game Engine
and is specifically built to be used with the HTC Vive, however,
other hardware may be considered in the future; such as port-
ing the project to a mobile app so it can be viewed with accessi-
ble virtual reality hardware such as the Google Cardboard. This
project will continue to be developed past my graduation as
an undergraduate student as a tool for introductory Hawaiian
Navigation classes.

RELATIONS TO PRIOR WORK

To create the At-Risk Artifact Visualization System, I did re-
search to see what others have done utilizing VR with archaeol-
ogy research. It was interesting to find that most papers I found
were published by European researchers. The paper, “A Versa-
tile Large-Scale Multimodal VR System for Cultural Heritage
Visualization” (Christou, 2006) describes the development of
a VR experience in a CAVE-like display to allow users to appre-
ciate and learn about European cultural heritage sites. As the
Destiny CyberCANOE is a descendant of the first CAVE system,
I thought that I could utilize the available technology to build
upon the idea of using a CAVE-like environment. Although
within the project, they also included haptic technology to try
to make the experience more immersive. I did not go through
with that approach. Instead I developed my project with the ex-
pectation that the users would be archaeologists who use the
tool to do research, rather than the user be the equivalent of an
average museum-goer using it for entertainment or education.

For Kilo Hoka, we found that there are multiple VR simu-
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lations that revolve around research on old sailing vessels. One
in particular is an 18th-century French merchant ship, the Le
Boullongne (Barreau, 2015). The goal of this particular research
was to recreate the boat at a 1:1 scale and put it within a VR
simulation to better understand the living conditions on such
vessels. There are features within the simulation that are simi-
lar to Kilo Hok, such as user controlled sailing, however Kilo
Hok is unique in that we are developing our experience on a
Polynesian vessel while teaching non-instrumental navigation.
Also, since Kilo Hokii's focus is in celestial navigation, we had
to develop features that have not been implemented in other
similar research such as controls for the night sky and the im-
plementation of a star compass.

Figure 4 Full view of sky-dome like night sky object that is
user-controlled. Each bounding box contains a constellation.
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Figure 5 Example of the star
Hokile‘a.

compass that surrounds the
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Methods

Virtual reality research tends to use headsets or other experi-
mental virtual reality or augmented reality setups that do not
allow for multiple users to share the same physical space while
experiencing the same virtual space. It was for this reason I
decided to develop the prototype for the Destiny CyberCANOE
(Kawano, 2017). Housed in LAVA, the Destiny CyberCANOE
allows users to share the same physical space while immersed
in a virtual environment in a 13-foot wide cylindrical structure.
In this way, users are able to fly around and observe virtual
scans of various artifacts, or if the data is available to upload,
larger immersive LIDAR scans of different archaeological en-
vironments so they can compare scans of artifacts and relate
them to where they were found in-situ.

To develop a program to be used in the Destiny cyber-
CANOE, it must be developed in the Unity3D Game Engine.
Within the Unity program, before the Unity project folder is
uploaded to Destiny’s server, a folder containing the .obj infor-
mation must also be uploaded in a subfolder within the Unity
project folder.

Kilo Hokt was created first as an experience, but grew
into becoming a learning tool. It is developed in Unitysd, but
is designed for the HTC Vive. The Vive was chosen for the
superior headset tracking and resolution that it had over its
competitors at the time when we started development. We
wanted to be sure that users could move around freely without
breaking the experience, and the Vive’s main competitor, the
Oculus Rift, could not track the user if they turned their back
to the sensors.

Most assets in Kilo Hoka are created by our team, the
only exceptions are the ocean asset, which is the Ocean Com-
munity Next Gen package, and the model of the Hokaile’a. The
Ocean Community Next Gen package is a set of ocean assets
which allows for the manipulation of various variables such as
wind, swell, and current strength, as well as buoyancy effects.
The Hokile’a model was created by 3D artist Mike Pai. Permis-
sion for the model was given to us for educational purposes
as the model was created under the Bishop Museum’s US De-
partment of Education Native Hawaiian Education program
grant S362A110069, “All Together Now: A Model Partnership

Figure 6 Hawaiian Artifact (left) and its 3D scan (right).
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Figure7 Comparison of 3D model and photo taken during the
2017 Hokile’a Homecoming

for Improving Native Hawaiian Middle School Education,” in
partnership with the Polynesian Voyaging Society and the Uni-
versity of Hawai‘i College of Education.

Discussion and Future Work

Both projects within this portfolio can act as the foundation to
future feature additions to make each respective project more
effective.

For the At-Risk Artifact, since it is a prototype, it is able
to save different note taking sessions, but there are other tools
that would be useful for archaeologists to have while in the
virtual space. The ability to record and playback camera move-
ment and audio would allow users to create notes more effec-
tively. At this time, users can only type in notes, which can be
a bit cumbersome considering the mobility a user has in the
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Destiny CyberCANOE. Allowing the user to create audio-visual
notes will allow collaborating users to understand the note’s
creator easier than finding and reading through written notes
on large screens.

The ability to draw boundaries and highlight an area of
interest would also help in clarifying what each user is taking
note of. In its current version, users can only drop a pin on the
point of interest. The ability to draw and specify the exact area
of interest, along with implementing a highlighting organiza-
tional system will allow users to define and categorize partic-
ular points of interest, and with a search system, easily review
them in the virtual space.

As for Kilo Hokd, the project is still under development.
However the work was substantial enough to be accepted to a
special issue of the Presence Virtual Reality journal-the longest
standing journal of virtual reality. Future features of Virtual
Cultural Heritage will include, as mentioned earlier in the pa-
per, making it more accessible to the general public by porting
it to mobile devices so they can be used with cheaper virtual re-
ality hardware such as Google Cardboard. Before this happens,
however, a more guided experience needs to be created within
Kilo Hoka. Currently, there is no guide for the user other than
a menu that appears at the beginning of the experience. How-
ever, we usually omit that and guide the user through the dif-

Virtual Reality and Visualization in Research and Cultural Preservation 5

ferent controls personally and let them do whatever they would
like in the virtual space. In future versions of Kilo Hoka, we
will put in tools to help guide the user through different sce-
narios in hopes that it can be used to teach and test a user’s
knowledge.

To do this, we have discussed various options from im-
plementing “teacher controls,” in which the teacher can sit at
the computer while the user is using the headset, and from the
computer manipulate the virtual environment as the user is
experiencing it. In this way, the teacher may do actions such
as rotate the sky, hide the star compass, and track certain vari-
ables such as the time it takes for a student to identify certain
celestial objects.

Also discussed is the possibility of adding in a virtual
agent, a virtual character that will guide a user through the ex-
perience. In this way, we can add in a virtual teacher that can
bring in different cultural aspects of sailing in a more natural
way. There are certain cultural protocols that must be adhered
to while sailing, and a virtual agent could provide this knowl-
edge in a friendly and relatable way (Champion, 20715).

We hope to initiate these sorts of features and intend to
test the new educational features in a study that would test its
efficacy of teaching wayfinding students in an educational set-
ting in the near future.

VIRTUAL REALITY AND VISUALIZATION
IN RESEARCH AND CULTURAL PRESERVATION

Kilo Hoka

= Kilo Hakd, literally “To observe the stars,”

is a VR application to help teach users
about the important stars and
constellations in the night sky in a
Hawaiian context.

= Developed using Unity3D for HTC
Vive

Process

Worked with experts
within each
respective field to
develop a list of
optimal features

Developed a
prototype on
hardware that was
thought to be was
best suited for the
project

Sought out users to
test out protoype,
and continued to
update based on
user input

At-Risk Artlfact Visualization
© The At-Risk Artifact Visualization was created
to explore the possibilities in which users could
collaboratively study artifacts through the
viewing of 3D models of at-risk artifacts in a
virtual space.

= Developed using Unity3D for the Destiny
CyberCANOE

Visualization: The communication and representation of information through images.
Cultural Preservation: The preservation of cultural areas, ideas, and objects.

Intangible cultural heritage: includes cultural knowledge, skills, and practices of a culture.
Tangible cultural heritage: includes important areas and artifacts that hold a great significance to a culture.
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