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Abstract—In this paper, we present a novel tangible interface,
wlzQubes™, for interactive storytelling in Mixed Reality. A pair
of cubes tracked by computer vision is used to control the
storytelling process. The first cube is used to navigate through
different scenes of the story, with the numbers printed on fiducial
markers pasted on the six sides. The second cube is used to choose
different items needed in the story, with the cartoon symbols on
the six sides. Bringing two cubes close to each other with right
items selected advances the story. wlzQubes™ embeds the
concept of both Mixed Reality and Tangible Interaction. Multiple
modalities including speech, 3D audio, 3D graphics and touch are
used to provide the kids with multi-sensory experiences in
interactive storytelling

Index Terms—Cubes, Mixed Reality, Storytelling, Tangible
User Interface.

l. INTRODUCTION

Storytelling is an important part of human culture both in
entertainment and education. Traditional storytelling by books
enables multi-sensory experiences including speech (narration),
vision (seeing the book) and touch (turning pages and pointing).
The e-books for storytelling provide enriched multimedia
supports but limits user interactions to the usage of a mouse and
keyboard. The story content is generally rendered by
pre-defined camera view points.

Mixed Reality storytelling interfaces [1] has more
advantages over 2D GUI-based interfaces by providing the user
with 3D augmented graphics on the physical book, allowing a
more natural tangible interface. However, the planar
configuration of the book and paddles (as shown in Fig 1)
limits the 3D exploration of story contents.

As shown in Fig 2, our previous work Magic Story Cubes [2]
enhances the tangible interaction of traditional books by using a
foldable cube [3] to "turn’ the page, while still keeping the main
advantages of the traditional physical books. However, apart
from moving the foldable cube to view the story in 3D mixed
reality and changing the story scene by unfolding the cube,
users are not able to interact with the story or change the
storyline. Although the unfolding of the cubes brings the
excitement to the storytelling experience, it is generally
difficult for young children to manipulate.

Our new development, wizQubes™ interface, as shown
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in Fig 3, uses a pair of cubes is used to control the storytelling
process. The first cube is used to navigate through different
scenes of the story, with the numbers printed on fiducial
markers pasted on the six sides. The second cube is used to
choose different items needed in the story, with the cartoon
symbols on the six sides. The story continues if the user gives
the correct item into the story scene. This way of interaction
opens the possibility of non-linear story line.

Fig. 1. Traditional “Magic Book” allows a planar physical manipulation of
turning a book page. In this example, it is telling a Bibles story - Noah’s Ark.
(See Color Plate 3)

Animated arrows for manipulation instruction

Fig. 2. Magic Story Cube [2, 3] is telling the same story. The user can use both
hands to unfold the cube and explore the story contents. (See Color Plate 4)
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This paper is organized as follows. Section Il shows other
story telling related works. Section 11 discusses the reason why
cube is chosen as Tangible User Interface (TUI). Section IV
describes the system setup. Section V gives detailed
information on the implementation. Section VI we show the
results of our user study. Section VII concludes our paper.
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Fig. 3.

wlzQubes™ Interface for interactive storytelling in Mixed Reality.
Photo courtesy of MXR Corporation.

II.  RELATED WORK

Interactive story telling has a long history. Gorbet et al. in
1998 develop a system called The Triangles [4]. This system
was able to generate a nonlinear interactive method of telling a
story. Different web pages or audio files will be presented
depending on how the children configure the triangles. The
genieBottles [5] system presents a story that is told by three
genies who live in glass bottles. When a bottle is opened, the
genie contained inside is released and begins to talk to the user.
If several genies are released at once, they converse with each
other. This interface offers only auditory story-telling.

StoryMat [6], TellTale [7], and DollTalk [8] are
collaborative story making systems. Children need to be trained
to express their idea creatively. These story-making tools are
based only on audio recording. They are not yet utilizing
computer graphics.

Advancement in computer graphics makes it possible to
produce real time 2D/3D animation. These animations when
displayed in a large screen can immerse the children, giving
impression as they are actually inside the story. Kids Room [9],
work by Johnson et al. [10] , “SAM” [11], and ActiveCube [12]
use computer graphics to tell the story. However they are not
yet utilizing “Mixed Reality” concept. They still have Physical
Reality and Virtual Reality as separated entities.

I1l.  CUBE AS TANGIBLE USER INTERFACE

After considering a few commonly used TUIs, we settled on
using cubes/blocks as our interface as used by many before [13],

[14, 15]. We found the reasons for choosing cubes/blocks lies
mainly in two aspects: (1) As compared to a ball or other
artifact in complex shapes, a cube/block has stable physical
equilibriums (resting on one of its surfaces) which make it
relatively easier to track/sense. In wlzQubes™, we define the
states of the cube by these physical equilibriums. (2) Cubes
when piled together form a compact and stable structure. This
could reduce scatter on the interactive workspace. In addition
to the above mentioned the cube is an intuitive and simple
object that we are familiar with since childhood. This graspable
object allows us to take advantage our keen spatial reasoning
and leverages off our prehensile behaviors for physical object
manipulations [14].

For interacting with 3D virtual objects, 3D mouse [16] is also
commonly used (see Fig 4). However, 3D mouse is not a TUI
according to the definition of TUI given by Ishii and Ullmer [17,
18]. According to their vision which is the most wide spread,
TUIs are systems relating to the use of physical artifacts as
representations and controls for digital information. A central
characteristic of TUI is the seamless integration of
representation and control, with physical objects being both
representations of information and as physical controls for
directly manipulating their underlying associations. Input and
Output devices fall together. In this sense, the 3D mouse can
only be regarded as an input device but not a TUI if the
representation of information is separated from the 3D mouse
itself. In wizQubes™ | the 3D graphics is displayed on the cube
itself. When the cube is moved or rotated, the graphics changes
its viewpoint accordingly. Therefore, the cube is the physical
control as well as the host of information representation.
Compared to 3D mouse, wlzQubes™ has the following pros
and cons:

1) It supports two-hand manipulation. The two cubes are
acting like “noun and verb” metaphor [19]. However, 3D
mouse allows only one hand manipulation

2) It is a space-multiplexed which is faster and intuitive than
a time-multiplexed 3D mouse [20]

3) It uses vision-based tracking which only requires a cheap
webcam however 3D mouse is using ultrasonic tracking which
is much more costly

4) The vision based tracking is more accurate than the 3D
mouse. Mixed reality application requires much more tracking
accuracy than virtual reality application. According to the
specifications of Logitech 3D mouse [21], the tracking
accuracy is “2% of distance from transmitter”. For a desktop
application where the 3D mouse is 40 cm away from the
transmitter, the displacement of the image position could be up
to 8 mm which could be around 40 pixels (1/16 of screen width)
on a 640x480 resolution mixed reality application. The jittering
of the augmented image could make the application unusable.
The vision-based tracking algorithm has the error of only a few
pixels [22].

5) The vision based tracking is very sensitive to lighting
environment. In addition, it requires the object to be always
within the camera’s viewing range otherwise the tracking is lost.
However, 3D mouse doesn’t have these problems by using
ultrasonic tracking, although there could be interferences in
some circumstances.
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Fig. 4. 3D Mouse using ultrasonic tracker. This device is often used for
navigation in 3D space. Photo courtesy of www.vrealities.com.

Fig. 5. The system setup of wlzQubes™ system. Photo courtesy of MXR
Corporation.

IV. SYSTEM SETUP

The system setup of wizQubes™ is shown in Figure 5. It
comprises of a pair of the physical cubes, a normal webcam and
a computer. Though in figure we only show a desktop computer
but the system can be deployed on a laptop and tablet PC as
well.

The pair of cubes have printed surface (fiducial markers) on
all six sides. However printed material is different on both cubes.
One cube is printed with numeric digits (1 to 6) and other cube
is printed with different visual patterns. The cubes are placed
on a table top area, in front of the display device. This area is
termed as an interaction space. A web camera is mounted on the
display to capture the perspective table top view.

Users interact with the cubes in physical 3D reality. In
response they observe the 3D virtual behavior of the system on
display, in real-time.

While facing the display users physically manipulate the
cube in 3D interaction space. They can either rotate or translate
the cube to trigger the corresponding virtual behavior. This is
achieved by tracking the fiducial markers on the cubes. Fiducial
marker tracking provides the estimate of position and

orientation of the cube in the physical world. 3D graphics are
then rendered on the physical cubes according to the users’
interactions. Accordingly digitized audio and speech is also
played to give user a multi-sensory perception of the system.
Users view the mixed reality graphics shown on the display
without wearing any head mounted displays (HMD).

V. IMPLEMENTATION

5.1 Tracking

wlzQubes™ uses a normal USB camera to capture the
tabletop area where the two cubes are manipulated by the user.
As shown in Figure 6, the image captured will be passed to the
vision-based tracking [2] block to obtain the position and
orientation of the cubes. Then the cube event manager will
translate this information into cubes’ events. For example, cube
flipping event, cube twisting event, cube stacking, and cube
closing event. The 3D graphics rendering engine (DirectX
9.0c) will then render the story in 3D according to the storyline
and the cubes’ events that triggers different segments of the 3D
animation. The final system runs at 30 fps on Pentium 1.6 GHz,
512MB PC, and 32MB video accelerator video card.

2D Markers are relatively hard to grasp and the tracking will
be difficult if our hands occlude the markers when manipulating
cards. To surmount these problems, we designed an algorithm
to track our 3D cube which has six different markers on each of
its surfaces. The position of each marker relative to one another
is known and fixed. Thus, to identify where the cube is, the
minimum requirement is to track any of the six markers. This
idea is similar to “multiple marker tracking” in ARToolkit.
However, instead of putting multiple markers on the same card,
we extend and apply this idea to 3D artifact, i.e., cube.

Camera Coordinates

Ideal Screen Coordinates

Object CoordinatesTZo

4

<Xo
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Back
o Bottom
Ke []

Fig. 6. Coordinate system of cube tracking system.

The algorithm used to track the cube is as follows: (1)
Detecting all the surfaces markers and calculate the
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corresponding transformation matrix (TCM) for each detected
surfaces. (2) Choose a surface with the highest tracking
confidence and identify its surface ID, that is top, bottom, left,
right, front, and back, as shown in Fig 6. (3) Calculate the
transformation matrix from the marker coordinate system to the
object coordinate system (TMO) based on the physical
relationship of the chosen marker and the cube. (4) The
transformation matrix from the object coordinate system to the
camera coordinate system (TCQO) can be calculated by
following equation:

Teo = Tomi X Tuio 1 =1, 2, ..., 6 @

Our algorithm ensures continuous tracking when our hands
happen to occlude different parts of cube during interaction. As
shown in Fig 7, even the hand occludes some part of the cube,
as long as at least one of the cube surfaces is being tracked, the
algorithm can still track the whole cube. Moreover, since the
cube size is pre-known, we are able to render the graphics
showing the correct occlusion relationships among the cubes
and the augmented graphics, as shown in Fig 7. The extension
of the tracking from 2D to 3D successfully overcomes the
drawbacks of 2D marker tracking systems: hard to grasp, easily
lose tracking when covered by hands or fingers, incorrect
occlusion effects (because when the marker is flipped over, it
loses tracking). Therefore, our improvements offer an intuitive
and direct handing of the cubes with very little constraints in
two-hand manipulations.

Fig. 7. The seamless registration by displaying correct occlusion relationships.

5.2 Story State Transition Model

wlzQubes™ applies simple state transition models for
interactive storytelling. Figure 8 shows state transition models
of wizQubes™. The state transition is triggered only when the
contents of current state have been fully played.

The orange cubes (with number 1 - 6 on its side) is used to
display the story scene, the kids will have to rotate this cubes
sequentially as the story advance. The blue cube with 6 different

icons on its side is used to display 6 different items. At some
time in the story, the actors inside the story scene will asked for
the item he/she needed. The kids have to give the correct item
to advance the story.

Image Captured by

Webcam Cubes Event Manager

Position and Orientation of
the Cubes by Vision-
based Tracking

3D Graphics Rendering
Engine

Story Scene (N)

Flipping
cube to
the right
face

Story Scene
(N+1)

Animation Segment

(N)

Matching
the
cubes?
patterns

Animation Segment
(N+1)

(b)

Fig. 8. State transition models of wizQubes™ (a) User flips the cube to play
the corresponding story scene (b) User matches the cubes patterns to advance
the story.

VI. USERSTUDY

We conducted a user study at Singapore Science Center
where our wizQubes™ system is permanently exhibited. Fig
9 shows our system setup at Singapore Science Center. The
subjects were randomly chosen from the children visiting
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Singapore Science Center. Most of them were accompanied
by their parents. We briefed the children before they tried the
wlzQubes™ and interviewed them using a questionnaire. We
have gathered data from 20 participants, 11 boys and 9 girls, in
the age group of 5 to 15 years with an average of 9.5 years. All
of them are right handed and familiar with computers. 12 of
them used Chinese, 3 of them used English, another 3 used
Malay, and only 2 used an Indian language as their mother
tongue. The children could choose two stories: Little Red
Riding Hood and Three Little Pigs. These stories are available
in two different languages (English and Chinese). The user
studies took 5 -10 minutes for each kid; once they completed
it we give them a souvenir. We have attached the questionnaire
in appendix A.

Fig. 9. wlzQubes™ user study with kids at Singapore Science Center where
we use 42 inch plasma TV for the display.

Do you like the cube?

Number of people

1 2 3 4 5

Dont Like <-------mmmmommmo oo > Like it very much

Fig. 10. The answer distribution of the last question, “Do you like the cube
interface?”.

For the Eighth question in the questionnaire “Does your
parent ask you to read story books on your own or do they take
time for you to tell story and how often they do?”, six kids
answered “(a) My parents never”, six kids answered “(b) My
parents take time for me but asks me to read the book on my
own” while four kids answered “(c) My parents take time for
me and also help me while reading stories book (2-4 times in a

week)” and finally one kid answered “(d) My parents take
time and also tell me stories(almost every day)”

From some other data we collected, seventeen of them liked
reading stories while three did not. Fourteen of them liked to
listen to stories while five did not. Twelve of them agreed that
stories on TV/Computer are more interesting than on story
books, while six of them prefer traditional story books.

Our general observations on the user of the wizQubes™
exhibit at Singapore Science Center are: (1) Most of the
visitors won’t read the instruction beside the exhibition. They
will try to find out how the wizQubes™ works by themselves.
They read the instruction only when they encounter problems.
(2) Users tend to cover the top of the cube with their hand,
even after we give them instruction not to do so. (3) Joining
the cubes together to trigger decisions is not ‘natural’ enough,
as most of the users need to read the instruction to understand
this functionality.

We observe that most of the kids rest the orange cube (story
scene cube) on the table rather than holding it and viewing it
from different angles constantly. They concentrate more on
the story i.e. enjoying the animation of the 3D graphics.
Sometimes they move the orange cube to get a better view of
the story.

Lost tracking is not an important issue here, since most of
the kids placed the cubes on the table while watching the
animation. They played with the cube when (1) the story
character asks for an item or (2) when the story advances to
the next scene. They can orient the cube to get their desired
view of the story scene without difficulties.

Our observations found that most kids have difficulty in
finding the correct item on the blue cube, the reasons being:
(1) The icons on the blue cube are misleading (i.e. not related
to the augmented item displayed on screen). For instance, one
kid tried to find the correct item by searching the icons of the
blue cube instead of looking at the monitor screen for the
virtually augmented item on top of blue cube. (2) Most of the
kids have to rotate the cube several times before they can find
the correct item. (3) Most of the time the blue cube is placed
very close to the orange cube; hence the view of the blue cube
is blocked by the virtual story scene augmented on top of
orange cube. (4) Some of the items asked by the story
character are ambiguous, for example in the Little Red Riding
Hood story, the little girl asks “which way should I take”, and
the correct item to be given is a “road sign”. One of the kids
tried to answer this question by moving the orange cube in
some direction that the character in the story wanted.

After finding the correct item, the kids need to bring the
cubes close to each other. Sometimes the kids completely
cover the whole cube with their hands, and hence the
triggering of the decisions was not activated immediately
unless the kids move their hands away.

Sixteen of the kids completed the whole study, while three
of them didn’t because their parents have to leave. For those
kids who completed the whole study, at the end of the
questionnaire we ask the kids if they liked the system. Eight of
them said that they like it very much. Eight of them claimed
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neutral, while another two kids said that they don’t like the
story. We also asked them to rank how much do they like the
cube interface based on 5-point Likert Scale (3 means neutral
and 5 means “Like it very much’ ). The results are shown in
Figure 10. The mean answer is 3.68 with standard deviation
of 1.34, which indicates that on an average they like the
system.

VIlI.  CONCLUSION AND FUTURE WORK

We have successfully improved our story-telling interface
from Magic Book, Magic Cube, to wlzQubes™. Our
wlzQubes™ interface is now more robust by tracking multiple
markers in the scene. As long as one of the markers can be seen
by the camera, the system will still run.

We have added interactivity to the story; our wizQubes™
allows the users to see the scenes in the story from different
viewing-angles and the user can interact with the story by
giving the story character the item he/she needs.

We have setup our system for public exhibition at Singapore
Science Center and we observed how people use the
wlzQubes™. We noticed that that text/picture-based

instruction is not an effective way of conveying the information.

An explanation of how our system works in an audio-visual
format seems to be more effective and widely accepted.

Our user study shows that parents nowadays may not have
time to do the storytelling to their kids. Kids prefer an
interactive story telling system than a traditional storybook.
Our wizQubes™ interface is loved by the kids, and on a scale
of acceptance ranging from 1 to 5, 5 being most preferred, we
found the average rating to be 3.68 that further confirms the
user-acceptance of our system.

Loss in marker tracking happens quite often due to various
user interaction issues and mishandling of the cubes, and
currently we alert the user using the icon or dimming the
computer screen but not many users understand the reason. A
warning using audible speech like “Don’t cover the top marker
with your fingers” will be more useful.

wlzQubes™ interface allow the users to view the story from
different viewing-angles. From our observation, this feature is
not fully utilized by the users. In the future we are planning to
develop applications that emphasize this feature. A non linear
story line is also a possible future direction for the wizQubes™
system.

APPENDIXWIZQUBE QUESTIONNAIRE -FOR KIDS

(To be filled by the interviewer, not by child, but if child wants
to see it, let him do so0)

Section A - Before the kid try the cube

1) Name:

2) Age:

3) Sex: Male/Female

4) Right/Left Handed: Left/Right

5) Do you use computer? If so how often?

6) Mother tongue: English/Chinese/Indian/Malay/

7) The Story chosen and the language:

8) Does your parent ask you to read story book on your own
or they take time for you to tell story and how often they
do?

a) My parents never

b) My parents take time for me but asks me to read the
book on my own

¢) My parents take time for me and also help me while
reading stories book(2-4 in a week)

d) My parents take time and also tell me stories(almost
every day)

9) Do you like reading stories? (a)Yes (b) No

10) Do you like listen to stories? (a)Yes (b) No 11) Which one
do you find more interesting, story book or stories shown
on TV/computer screen

a) | find the story book more interesting

b) I find the stories shown on TV/computer screen
more interesting Why do you like (Don’t insist the
child to give answer to this question, just simply ask,
if he/she is ready to answer then listen carefully,
otherwise move to the other question)

Section B - After the kid try the cube

11) Did the kid try to turn the wizQube™ and see the story
scenes from different angles? (a)Yes (b) No

12) Did the kid have problem with the cube lost tracking?

13) Did the kid have problem finding the solution to advance
the story?

14) Did the kid have problem finding the correct cube’s top
after the story advance?

15) Did the kid finish the story, if not WHY? and in WHICH
scene he/she stop?

16) Do you like the story? Why? (1) Don’t like (2) Neutral (3)
Like it very much

17) Do you like the cube? Why? (1) Don’t like (2) (3) Neutral
(4) (5) Like it very much

18) Any special comment which child mention on his own,
how was child feeling while answering the question?

Interviewed By:
Name:

Date:

Time:
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CW2009 will provide an opportunity for academics, scientists
and engineers from around the world to share the latest research,
ideas and developments in these fields. The conference will
consist of full paper sessions, workshops and poster sessions
which will demonstrate the state-of-the-art in the field.

Please download call for papers flyer in pdf format from here

Conference Topics

Visual cyberworlds
Philosophy, evolution, and
ethics of cyberworlds
Cyberworlds and their impact
on the real worlds
Cyberethics and cyberlaws
Cybersecurity

Modelling and animation in
cyberworlds

Virtual reality in cyberworlds
Computer vision and
augmented reality for
cyberworlds

Intelligent agents in
cyberworlds

Communication in
cyberworlds

Distributed virtual
environments

Shared virtual worlds

Data mining and warehousing
in cyberworlds
Bioinformatics for cyberlife
and medicine

Healthcare in cyberworlds
Cyberworlds for
bioengineering
Cyberinformation systems
Visual cyberworlds
Philosophy, evolution, and
ethics of cyberworlds
Cyberworlds and their impact
on the real worlds

Virtual reality in cyberworlds

Computer vision and
augmented reality for
cyberworlds

Intelligent agents in
cyberworlds
Communication in
cyberworlds

Distributed virtual
environments

Shared virtual worlds

Data mining and warehousing
in cyberworlds
Bioinformatics for cyberlife
and medicine

Healthcare in cyberworlds
Cyberworlds for
bioengineering
Cyberinformation systems
E-business in cyberworlds
Cyberworlds for education
Collaborative work using
cyberworlds

Cyberworlds for design and
manufacturing

Cyber fairs and cyber
museums

Multi-user web games
Cyberculture and cyberarts
Cyber social networks
Cyberethics and cyberlaws
Cybersecurity

Modelling and animation in
cyberworlds

Journal Special Issues

Selected extended versions of papers from the conference will
be appear in the journals Virtual Reality Journal (Springer) and
The Visual Computer (Springer). Around 6 papers for each of
the journals will be selected by the organising committee.
Authors will be required to submit the extended versions. In
order to maintain the high quality of these journals the extended
versions of the papers will be subject to separate reviews in line
with the journals' editorial policies.

Important Dates

e  Paper submission 15th April 2009
e Notice of acceptance 29th May 2009
e  Camera-ready paper 30th June 2009
e  Author registration 4th July 2009
e Conference 7-11 September 2009

Organising Committee

Honorary Co-chairs:

Professor Rae Earnshaw, School of Informatics, University of
Bradford, UK

Professor Tosiyasu L. Kunii, University of Tokyo, Japan
Professor John Vince, National Centre for Computer
Animation, University of Bournemouth, UK

Conference Co-chairs:

Dr Rami Qahwaji, School of Informatics, University of
Bradford, UK

Dr Stan Ipson, School of Informatics, University of Bradford,
UK

Programme Co-chairs:

Dr Hassan Ugail, School of Informatics, University of
Bradford, UK

Professor Phil Willis, Department of Computer Science,
University of Bath, UK

Conference Steering Committee:

Tosiyasu L. Kuni, University of Tokyo, Japan

Hock Soon Seah, Nanyang Technological
University,Singapore

Alexei Sourin, Nanyang Technological University, Singapore
Conference secretary:

Rona Wilson, School of Informatics, University of Bradford,
UK



