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ABSTRACT

Augmented reality allows us to superimpose digital
information upon the real world. In creative environments,
this information can change as your ideas take shape.
Storyboards allow designers to piece together different
elements of a story and consider alternative storylines. The
same board could be used to deliver additional experiences
by overlaying other content types. Using Argon, an
augmented reality web browser, I have prototyped a
storyboarding system and demonstrated three sample
applications: storyboarding, daily comics, and a puzzle
game.
ACM Classification Keywords

H5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.
INTRODUCTION

I’ve always been enchanted by the mystery of how
animated movies come to life. It found it difficult to
understand that each frame had been painstakingly drawn
and then combined to form scenes and story arcs. I figured
that the amount of coordination and planning necessary to
create a feature length film must be immense. The first time
I saw a storyboard was during a feature about the creation
of The Lion King. I realized that storyboards are an
elaborate mix of images, descriptions, dialog, and ideas.
Storyboards are an important part of movie creation.
However, I noticed that there are drawbacks to this
traditional method.
I began by considering the limitations of the print medium.
Once a drawing is complete, you can remove it, but you
can’t easily make modifications to the image. If you do
make changes, you can’t save each state of the image in
case you need to revert later on. You’re also limited to
static images. This makes it difficult to show an animation
that may describe an idea better than a static image can.
During this initial brainstorming process, I considered all of
the improvements to media and collaboration that could be
addressed with a digital implementation of storyboarding.
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One of the advantages of storyboarding, however, is that it
makes ideas tangible and easy to manipulate. A screenbased application would not replace the affordances of a
physical storyboard. One possible solution would be to
attach digital media to a physical space. This can be
attempted using augmented reality. By superimposing these
dynamic digital artifacts upon a real storyboard, users can
manipulate the content physically but also update this
content in ways that would not be possible with a static
image.
RELATED WORK

There is some similar work in the Creativity & Cognition
conference. One paper reflects on the strengths and
weaknesses of storyboarding [1]. One difficulty with
traditional storyboards is the “movement of information
between personal and collaborative workspaces.”
Augmented reality could alleviate this by allowing users to
bring a smaller version of the storyboard back to their
desks, or create content on the computer and display it in a
central discussion area.
This same article also discusses the difficulty of executing
“knowledge building activities across distributed
environments.” This is a limitation of having physical
artifacts that can only be located in one place at one time. In
this paper I will discuss how converting these items into
digital artifacts and distributing them to remote viewers can
overcome this.
I was also drawn to a study about how users communicate
in a brainstorming session [2]. When the session begins
with problem framing, the majority of the communication
was verbal. Verbal communication remains important
throughout the study, but interaction with artifacts takes on
increasing importance when generating new ideas. Once
this phase is complete, evaluation of the ideas is again
conducted primarily through verbal communication. This
means that a tool that could facilitate the manipulation of
artifacts would be useful during the idea generation phase,
while a verbal communication tool would be more helpful
during the framing and evaluation of these ideas.
PROJECT CONTENT

I have decided to attempt to address both of these needs by
encouraging verbal communication and allowing direct
manipulation of each frame on the storyboard. The system I
have proposed does require a significant investment in

technology to start out. The augmented reality browser that
AR storyboarding uses runs on iOS devices. Users will
need either an iPhone or an iPad, and access to a printer so
that they can print out simple-id markers that the system
can target. Once the user has printed out these markers, she
can attach them to any flat surface. As long as there is white
space around each marker, the iOS device will be able to
position content on its surface.
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Figure 1. System diagram

The system involves a mobile device, an augmented reality
browser application and a keyhole markup language (KML)
document with modifications to support AR content. This
document tells the application which content to attach to
each marker that is visible. This file can also be updated on
the server, and then refreshed in the browser to deliver a
new experience.
Storyboarding

The first demonstration of this system is the original
storyboarding idea. I have attached several storyboard
images from The Lion King to markers, then viewed these
using the mobile application. The content includes static
files such as images and text, as well as movie clips that can
stream repeatedly.

possible to drag and drop files from your computer or
mobile device. The ability to update content easily and have
it be seen by local collaborators and others at a distance is a
key advantage of this system.
Daily Comics

An additional application was suggested by Dr. Ellen Do.
Because the content can be updated on the server side and
broadcast to every person who has the application installed,
this system can also distribute content in one direction on a
predefined timeline. Users could place three markers on
their home refrigerator, then refresh the application daily to
receive updates from news or comics feeds. I have attached
two days of comics from PhD Comics to demonstrate how
the frames would be separated and yet still provide
continuity for the story.
One potential advantage to this method is protecting an
author’s ownership of content. By only allowing the user to
view a comic for the current day, the author can create an
exclusive compilation of past comics for viewers who want
to understand past storylines. This is similar to how comics
work in the newspaper. Each Sunday only the newest comic
is printed. Some previous comic strips may be hosted
online, but you often have to purchase an anthology if you
want to read the entire series. If authors and artists see a
potential financial benefit to using the system, it could
potentially increase the number of comics available and the
popularity of this application.
Puzzle Game

Finally, I experimented with more abstract ideas.
Augmented reality content usually has a direct mapping to
items in the real world. This is helpful in understanding
why the information has been placed where it has and how
it relates to the scene in view. However, augmented content
can potentially differ from the constraints of the real world.
For example, the content could stick straight up in the air
instead of stay flat on the paper. It could also change shape
or fly off the marker after a certain amount of time.
I wanted to start simple, so I created digital content that had
different heights and widths than the markers the content
was placed on. When aligned properly, all of the pieces
combined to create one larger image. By fitting together the
virtual pieces, the placement of the physical markers forms
a digital image that has no obvious mapping to the physical
orientation of the markers. I wanted to see if the user could
discover that there is a 1:1 relationship between the two
realities through experimentation with the system.

Figure 2. Mixed media on the physical storyboard

Currently, you can change an image or text by updating a
simple tag in the source file. In future versions, it would be

Scenario: Multiple users with the storyboard application
in one location

1.

Jane, Siegfried, And Mara are trying to decide how
the death of a sitcom character will effect future
story arcs.

2.

They use meta tags to only show scenes involving
the character in question and his romantic interest.

3.

Mara notices that if they kill off the character now,
they will have to scrap the quadruplets adoption
storyline slated for later in the season.

4.

Jane filters so that only frames featuring the
character’s major plot roles from the past two
seasons are visible. She determines that the
character has had a good run, and the group
resolves to kill the character in the upcoming
episode.

5.

The three designers’ boss isn’t happy because the
character was his favorite. He plays a recording of
the meeting that shows which types of filters were
applied to the display, synced with an audio
recording of the meeting. He begrudgingly admits
that the character’s death will benefit the show.

Figure 3. Puzzle game with missing pieces
USAGE SCENARIOS

By defining usage scenarios, I was able to refine my initial
ideas and try to uncover how these experiments might
actual be useful in a creative environment. I worked
through scenarios where the system had both single and
multiple users, and I developed scenarios for two different
applications.
Scenario: Single user daily comics

1.

Derek wakes up, puts on his corrective glasses
with an HMD attached, and shuffles over to the
refrigerator.

2.

As he opens the door, he glances at the new PhD
Comics strip.

3.

It’s strangely analogous to his current predicament
at school, so he says “share” and a link to the
comic is posted on his Facebook profile.

4.

After a few more weeks, Derek tires of PhD
Comics. He reconfigures the feed to alternate
between Peanuts and Doonesbury feeds.

This scenario shows that the daily comics application is not
advanced enough to warrant more than a few moments of
the user’s attention. The system needs to be designed to pop
up quickly, provide an easy way to transmit a reaction to its
content, and then fade into the background. The final step
of the scenario shows one of the advantages of digital
content: instead of producing waste after the user tires of
the content, the image can update to a new comic feed or
even show news stories or social media updates.

This second scenario brought up one feature that I had not
considered. Since collaborators can easily hide any content
that they do not need to see for their current task, it may be
easier to follow their line of sign in a recorded playback.
Hiding non-relevant content will help third parties
understand the decision-making process.

Figure 4. Left, the physical environment. Right, a view of the
storyboard using augmented reality.
FORMATIVE EVALUATION

My main effort in this project was the creation of these the
three applications described above. The project was
originally conceived to fill a perceived need, so it was
necessary to perform some evaluation on whether I
successfully achieved my goal of improving traditional
storyboarding.
Analysis

To determine whether my system was successful, I
interviewed five design students (architecture or industrial

design) to see whether they found any of the features
useful, and how they might improve upon the design for
future iterations.
I showed the daily comics example first, followed by the
storyboard application. I finished with the puzzle game
because it was the most abstract. I gave users a brief
overview of each idea, and then remained silent while they
interacted with the application. I recorded both positive and
negative comments. If the user had a question about how
the system worked, I answered it then asked how I could
have been more clear in my opening explanation.
Results

The first reaction of all participants was surprise. While
several were familiar with the idea behind augmented
reality, none had directly interacted with content positioned
using a visual tracking system. A lack of familiarity among
all participants meant that they would be able to provide
initial reactions, but would not be able to uncover insights
based on extended use of a similar system.
The idea behind the daily comics was simple, and all users
grasped it immediately. One user commented that the
markers would look cool on his refrigerator. Another
confused the simple-id markers for QR codes, and
suggested that they could double as a link to the comic’s
website. While all participants seemed at least politely
interested in the experience, two of them asked what the
point was, a sign that further development of the scenario
may be necessary.
After the user had become more familiar with the system by
viewing the daily comics, I switched the application to
display The Lion King storyboard content. I slowly added
markers onto the board until it was full. Most of the content
was static, but there was one animated scene. Three of the
users made sounds of surprise when this content came into
view. I was surprised by this reaction, because all
participants were very familiar with digital media, and the
jump from static to animated content had seemed trivial to
me.
Once all of the markers had been placed on the screen, I
asked each participant to feel free to move the storyboard
objects around. Each tried to move at least a few markers,
but quickly lost interest. I attribute this to the lack of a
defined task or additional discoverable content. In future
evaluations, I will provide related content and ask the user
to arrange the images into a coherent storyline.
A few of the users rotated markers to see how the images
would respond. After they had tried it once, they usually did
not try it again. At this point, one user asked what happened
when the marker was viewed from a different angle. After
some probing, I found that the user wanted the content to
react if the scene was turned on its side or upside down.
When asked how this could enhance a storyboarding
experience, the user was unsure. This is, however, an
interesting avenue for further study.

During both the first and second applications, several users
clicked on the content to see how it would react. The
application simply enlarges the content so that it can be
examined more closely. After the participants had tried this
once or twice, they did not continue to touch the content.
One participant mentioned they wished they could affect
the content through touch interactions, and another voiced a
similar concern by asking how he could force the content to
change. Future iterations will need to have enhanced feature
sets.
Finally, I took all of the markers off the board, then asked
the user to piece together the puzzle by putting the markers
back on in their correct positions. This turned out to be a
very awkward experience because the participants had to
hold the iPad in one hand and place the puzzle pieces with
the other.
Because the test board had a limited number of places for
the participants to attach the pieces, all participants were
able to successfully complete the task. While the
participants showed an initial interest in the task, several
seemed to have lost interest by the time they had completed
it.
At the end of the interview, I asked each participant
whether they had enjoyed using the system. One participant
responded, “Yes, the augmented reality part was really
cool.” This worried me because the medium should not be
such a distraction from the application. Most of the
participants responded that they had enjoyed using the
system, but it is unclear whether this is due to the
applications I developed or the novelty of the augmented
reality technology.
DISCUSSION

When I originally thought about using augmented reality to
enhance a storyboard experience, I thought that the system
would not work unless the digital content was projected
using a head-mounted display (HMD). This would free the
user to use his hands to reposition the content or even make
changes using gestures. HMD technology is not far away,
with rumors that Google Glass will be released by the end
of the year. However, at the time of this project I was
limited to mobile devices, so I developed a mobile
application paid attention to how it might be ported to an
HMD when they are less expensive.

A tangible interface where the user drew on the marker with
an LED pen is a possible solution.
Next, I would need to take a step back and think about
which applications with truly benefit from a conversion to
an augmented reality experience. Dr. Do made the point
that the benefit of AR is the augmentation of real-world
content. She suggested I implement a hints system in the
puzzle game that could show which pieces connect to the
piece in question. This kind of contextual information could
also be applied to the storyboard experience. If each content
frame had meta tags, users could choose to show content
that represented a single story arc and hide the alternative
story paths.

Figure 5. Google Glass prototype [3]

While a mobile device may not be the ideal form factor for
this experience, it was interesting to see that several
participants wanted to use touch gestures to interact with
the scene. While this would not be possible with an HMD,
it does make me realize that I will need to consider making
the content more interactive. I could experiment with
gestures or voice recognition to allow the user to update or
modify the storyboard content.
This biggest takeaway from this initial evaluation is that
people were interested in using the technology, but they
need more features to decide whether it would be a valuable
addition to the creative process. A further developed
scenario and a more structured evaluation may have helped
the participants better understand the benefits of the
applications, or it could simply show
FUTURE WORK

The applications I developed to test the augmented reality
storyboard are enough to start the conversation, but there is
still a lot of work to do before this system could be
deployed to a creative environment.
First I would need to develop the interface that allows the
users to easily switch out content for new images and text.
This could be web-based, or the user could enter the content
into a textbox on the mobile device. I am less sure how to
implement these interactions using a head-mounted display.

A final area that might produce interesting results would be
further investigation into the idea of collocated design
groups. Using two sets of markers, you could set up two or
more storyboards in different rooms and allow the different
groups to make their own associations between the frames.
It would be interesting to see whether groups wanted the
configuration of the frames to match exactly, or if they
would appreciate the position asynchrony because it would
allow them to focus on a task or scene specific to the work
of that design group.
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