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Abstract. Storyboarding offers designers the opportunitylltestrate a visual
narrative of use. Because designers often refepast ideas, we argue
storyboards can be constructed by reusing shatiactgs. We present a study
in which we explore how designers reuse artifactssisting of images and
rationale during storyboard construction. We findhges can aid in accessing
rationale and that connections among featuresraidetiding what to reuse,
creating new artifacts, and constructing. Basedeguirements derived from
our findings, we present a storyboarding tool, RPIE- to facilitate artifact
sharing and reuse and evaluate its use in an eptgrstudy. We conclude
with remarks on facilitating reuse and future work.
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1 Introduction

Storyboards are visual stories of actors engaging series of actions for a certain
purpose. Typically, they consist of multiple panehade of pictures and an
accompanying narrative that illustrates the pragjoes Used by those involved in the
creation of movies, cartoons, and commercials, #reypowerful tools in highlighting

the most important aspects of a narrative [7],[% Human-Computer Interaction

(HCI), storyboards have been used within the depigress to illustrate how users
may interact with a system [4],[18]. By leveragigmgphical descriptions of artifacts,
they prove to be powerful tools in pitching and cowmicating ideas for new

technologies.

But what are the artifacts that will be included the storyboard? Choosing
artifacts is key as it is a reflection of the vitahctionality that a proposed technology
might support. Designers strive to derive newfaats through creative efforts to
improve the design of their products. This invehaetermining the nature of the
artifacts, how they connect to other artifacts, ahd visual elements that will
represent them.



It is also true that practitioners often informatlgntinue to turn to features that
have been used before because they have been prwaand the test of time.
Everyday tools such as remote controls and micren@xens have maintained the
same basic design principles for many years. Winéley iterations continue to be
produced, designers naturally reuse techniquelseopast—providing impetus behind
an often ignored need to gain and even build ontwlaa been used before [24].
Improvements based on prior work can enable desigimepotentially continue to
maximize successes while avoiding or mitigatingtdieed pitfalls and lowering costs
[2]. In fact, the benefits of reuse on usabiligvh been demonstrated [23], justifying
efforts within HCI that have investigated ways atifitating the reuse of various
components often in the form of design knowleddg13],[12],[20]. Although this
might seem fruitful, designers exposed to collewiof reusable artifacts are often
burdened by the large amount and restricted bysttiwt enforce inflexible design
processes, hindering reuse [10].

We propose storyboarding as a fitting activity toyide easier access to design
knowledge and aid designers in determining what lamd artifacts can be reused.
This offers us the chance to combine reusable slaimtionale encapsulating
tradeoffs of design features [5], with inspiringages. While pictures can ease access
to reusable knowledge, claims serve to familiaridesigners with features.
Throughout the process of creating the storybadehtifying and understanding the
relationships and connections that exist betweenpoments can aid designers in
choosing and creating components used in the amtisin of the final storyboards.

Our goal is to develop a tool that supports stoaydimg through reuse. In this
effort, we present a study to discover the natdir@tat the tool must embody. We
study groups of designers asked to construct stamgls for a given system by
reusing cards consisting of pictures and claimesuRs of the study demonstrate that
the cards and the relationships identified by desig were useful in jumpstarting
efforts to build a prototype through reuse. Wentpeesent a tool developed on the
results acquired from the study and a preliminangg of its use. We conclude with
remarks about lessons we have learned and futimesef

2 Reated Work

Storyboarding is the process of describing a usetésaction with a system over time
through a series of graphical depictions, oftertcdies, and units of textual narrative.
Storyboards have been used to help understandaheof the story, to eliminate
costly elements of a design, and even to decide tobgpitch ideas to others [4],[17].
Thus, they can be seen as early prototypes in és@l process. Key aspects of a
storyboard are the portrayal of time, the inclusiahnpeople and emotions, the
inclusion of text, and the level of detail [21].0dls such as SILK [13], DENIM [15],
and DEMAIS [1] facilitate storyboarding to createofmtypes early in design.
However, such tools do not support sharing andmguestifacts.

Design reuse has been researched by many to leevediappment time and costs
[6]. Its value has been seen in industry in défersituations. For example, the IDEO
Tech Box serves to collect and store objects thatinspire and improve the design



of products [4]. Patterns, reusable knowledgectitres that incorporate contexts of
use, conflicting forces, and potential solutiorsydrbeen adopted by those in HCI as
a form of design rationale [3] and by those inwafie engineering [8]. The Yahoo!
Patterns Library is an example of a repository states reusable components for
web design [25]. However, such tools lack an ongdiag design activity, such as
storyboarding, that leads to a prototype.

Claims are a way of recording knowledge initiallyoposed by Carroll and
Kellogg [5]. Delivered in informal natural languagclaims address a variety of
situational and interface aspects that affect tapatibility of the design and user
models, such as user satisfaction and feelingwéme, color and object layout, and
strength of affordances. They were later propasediesign knowledge units that
could be stored in repositories for reuse by desigf20]. A claims library was also
created to support their reuse [16]. More receittlgy were even included as a part
of the design pattern structure by Hughes [11].weler, because claims focus on
design rationale, creating tools can be difficuttce they often face challenges in
capturing, using, and organizing rationale [10].

3 Uncovering Storyboarding through Reuse

To investigate how we may provide novice desigremsess to reusable design
knowledge in new ways, we conducted a study in widesigners took part in a
storyboarding design session. We were particulatBrested in how the participants
balanced the use of pictures and rationale, commmectestablished among the
components, creation of new artifacts, approach&ent to completing the design
tasks, and the structures of the storyboards.

3.1 Participants

Twenty-one graduate students actively engaged mdwcting HCI research or
enrolled in a graduate HCI course participatedhim $tudy. Their familiarity with
claims and storyboarding varied widely, giving ubraad look at the potential ways
in which the participants could be impacted byah#acts.

3.2 Materials

A video camera was mounted over a table on whigttythards describing design
features were scattered (see Fig. 1). The fromtaoh card had a picture representing
the feature along with a label. The back of theldsd a claim for the feature. Blank
pieces of paper and pens were also provided, asasehn instruction sheet that
explained the task, definitions for concepts sushclaims and storyboards, and a
prepared design problem.

Each group was given a unique design problem #vatieced around the need for a
notification system. Notification systems are desd to be used in dual-task
situations in which a user engaged in a primark t@eeds to be interrupted for a



reason [14]. Some of the design problems we asdigmvolved notifying nuclear
plant operators of changing core temperatures,epgess in airports of flight status
changes, commuters of empty parking lot spots wdileing, theme park visitors of
ride wait times, and students of empty spots fassts they wish to register for.

Sliding Transitions for Notifications

A sliding effect is used to transition from one
notification to another
+ Can divert the attention of the user to the
notification if needed
+ Can serve as a link between information
pieces, allowing users to infer relationships
between information pieces
- Constant use of sliding transitions can interrupt
the user often
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Fig. 1. The front of the cards have pictures illustrating design feature along with labels (top
left). The back describes the consequences of ubimdeature in the form of a claim (top
right). Additional examples of other cards arevshdn the bottom row.

3.3 Procedure

The participants were randomly divided into 7 geuwpith 3 in each group. Each
group was asked to create a storyboard with 4-2lpampresenting a system that
would solve the given design problem. They weneegithe option to create their
own cards if they felt they needed a new featudmwever, they were told that the
new cards must have pictures and claims. If a cawd was created, the card was
kept in the pile for subsequent groups to see as® uUpon completion of the
storyboard, they were asked to write a narrativate storyboard describing a usage
scenario. Each group was told they had 40 mininetswe did not stop groups that
went over the time limit. Once the storyboard wampleted, the participants were
interviewed as a group for approximately 30 minutésterview questions revolved
around explaining the constructed storyboard, uségfee cards, and creating cards.

3.4 Analysis

We took a grounded theory approach and adoptedopies coding technique to

analyze the data [19]. Our categories of analysituded analyzing pictures and

claims, connections between cards, decision-makirgating cards, task approaches,
and storyboard construction. Each group video amelyzed by two coders who

watched the complete videos and identified critp@ihts of interest.



3.5 Resultsand Discussion

In this section we present the results focusinthemualitative data that was acquired
from the study. The participants displayed inténgsbehavior regarding the use of
the cards, the connections established betwees,capproaches to carrying out the
task, and structure of the storyboards. We desdiilese activities, but expand on
only some of them due to space limitations.

Use of Imagery. For the designers, a critical part of carrying the activity was
familiarizing themselves with the artifacts. THere, the participants spent time
looking at the cards, sharing them with each othed referring to them as they
talked about possible design ideas. On averagegritups explored cards 86 times.
Group 4 explored the cards the most, 120 timeslevgoup 5 investigated cards the
least, 56 times. For the majority of the time thk groups kept the cards with the
pictures facing up at all times.

The use of pictures to summarize the idea of thealele artifacts was critical to
how the participants explored the cards. The imggevided them with ways of
recognizing the cards. This was important becafighe number of cards that were
scattered across the table during the study sessi@ne participant from group 1
summarized her thoughts by mentioning the picturewas the main thing. 1 first
looked at the photo and then read throtigih participant in group 7 emphasized the
utility of the pictures: I'guess the picture gives us a very...makes it essieentify
the object so it stands out from the other objedhe pictures are quite different so
maybe we employ less effort to recognize the abjestead of going through the
text” In response to this comment, a participant im $hme group saidlf*you had
pieces of paper with text on them it would be hatdesort through them. These
comments tell us that the use of imagery can petnimake it easier to find and
access rationale that would have otherwise beateh#o sift through.

The pictures also served to facilitate creativaking for the design task at hand.
For example, one card about showing trends in loadiaa picture of a graph showing
changes in values over time. Group 1 was toldréate a system that would allow
commuters to find empty parking lot spots. A papi@nt from this group looked at
the trends card and saidjdu see [some spot] is empty so you click thatamk it
just opens up...[shows] when it got available anddlgs graph...you know...gives
you an idea about what time of the day it gets dnldl what time of the day it gets
[empty] and stuff like that. That might be a ctiohg | think” In this case we notice
that feature was directly taken as a possible compiofor the system being created.
There were other cases where an idea was extriioteca picture, but was unrelated
to the feature that the picture was representinghgps a more creative act. For
example, a card about relating preexisting usemdedge to a notification had a
picture of a chat window with a chat history. Artapant from group 4 picked up
the card and saidif*you want a timestamp...then [use] something liket The
timestamps happened to be a part of the picturemweue not necessarily there to
illustrate the idea of the card. This demonstratestivity may play a vital role in
reuse, potentially making a positive impact on pineduct. Linking pictures to the
claims provided designers with a way of quicklyageizing artifacts, giving them
quick access to reusable components that might lwdkierwise been lost and



lowering the burdens of dealing with large amowwftsationale. However, perhaps
the more promising utility lies in their ability tospire, establishing a balance
between creative thought and the rationale assutiaith the images.

Use of Claims. We observed many situations where the participfeitsa need to
flip the cards over to read the claim for the adif On average the groups turned the
cards over 20.7 times. Group 4 flipped cards tbstn83 times, and group 1 flipped
cards just 10 times.

The claims served as a way for the participantanaliarize themselves with the
details of the feature and the possible conseqgenicesing the feature. Speaking of
the claims, a group 4 participant saitl,gtiess it clarifies what the creator of these
[cards] intended to mean by each of thésk.served to clarify thoughts if designers
were confused about the cards because they misiated or were unsure of what a
picture meant. In one instance we saw two pagitipin group 7 who were looking
at a card about personalizing notifications wersw@ about what the feature was
about. They flipped it over and one participand s&his seems to be more about the
mode of notifications rather than...it's more abdut imode rather than the content
[of notifications]”

Previous work identified a set of relationshipst thgist among claims during the
design process [22]. This study served to dematestthat designers, without
knowledge of the idea of claim relationships, idfgnand leverage relationships
during their design work once they are familiarhmhe claim. For example, one
common relationship was the idea of generalizat@rspecification. Several groups
identified a card about notification systems asigthis relationship with many of
the other existing cards. One person in group 2itioeed, “[the] notification
systems [card] seems too general for this task.sekms it should be the entire
overarching second half of our storybodrd.In this case, because the group
understood the relationship, they were able tod#ebow relevant the card would be.

Another common relationship that was critical tocid®n-making involved
comparing alternatives. In group 1, a member fotwd cards on sporadic
notification and continuous notification. Havindentified through the claims that
they are alternatives to each other, the persah $poradic vs. continuous...this is
something we need to think about. Will it be cuordgusly displayed on your
handheld? A participant in group 3 identified the relatgnip between voice
interaction and touch interaction and then askedn“we compare the upsides and
downsides of the two features to see which onette Comparing alternatives is
an important task. Realizing this relationshima# the designers to think about the
larger impact reusing the feature could have orsyistem that is being created.

One advantage of using claims is that it makesgdess aware of potential
downsides that might need to be mitigated. In sta$es, there might be another
claim that can serve to reduce or eliminate theatieg effects of a claim. This
relationship was also realized by a member of gi@upVhile reading the claim on a
card she said,Miay miss notification and wait...but we can compengatvith this
one. If they miss it they will get a continuousifieation like an icon on the corner
[of the screen]. Once again, being aware of the tradeoffs anch tinemediately
identifying potential solutions through the conmactestablished paved the way to
reusing the card in question.



Finally, two other connections that were obsenmd,not always explicitly talked
about, involved combining cards together and ligkinformation to interaction
elements. Often cards were combined together thattboth cards would be used in
conjunction to represent a new idea. For exangleew notification method could
be created by combining a card about a blinkingtligith an audio naotification card.
The participants also linked cards appraising thgesof an interface to cards about
interacting with the elements in the interface. the participant in group 1 who
wanted to use the trends in data card mentionedugle of the card was also being
tied to how a user would interact with the featidiiewere to be included. These two
relationships were used more often in the constwaf the storyboards.

As demonstrated through these examples, claims ataymportant role in the
design process. Just as pictures contributed ntacthe activity, the rationale
presented through these claims is often criticahtov the participants learn and
express ideas to others. When needed, the clambe used to argue for or against a
line of reasoning. The identified connections éodesigners to think about choosing
between claims and how the claims will eventuatiyne together in the storyboard.

Creating New Cards. During the design session we also gave the paatitipthe
option to create their own cards if they felt itsMaeeded due to the nature of their
design. Because we knew that designers often trdsisnally contributing
knowledge, we wanted to explore how cards weretedeahen needed.

There were only three design sessions, groups &nd,7, in which cards were
created. In all three cases, the groups had cdedlthat the new card was essential
to the design and therefore needed to be credtedllustrate the process we explain
how one group created such a card. Group 1 creatadd calledising geospatial
representation of informatioso that they could use it for their commuter pagkiot
system. The conversation that took place duriegctieation of this card turned out to
be quite interesting. First, the person who wasmg the claim said, What was the
graphical [card] one? How was that phrased? |tlds..so using geospatial
representation of information? | almost feel likéney're related or something.As
he proposed a name for the new card, he realizgdthis card could potentially be
similar to a card about graphical information. Hised to refer to the other card
demonstrated that he wanted to maintain the sawet ¢ scope, making it generic
and trying not to over-specify the card so thatptgential reuse would not be
restricted. Thus, his authoring of the claim waffuenced by the claims that were
already around him. While referring to the graphimformation card, he then
discussed the possible tradeoffs for the new caxtkah, | think the last two
[tradeoffs] are particularly relevant. | guess yean specify them for geospatial. If
the person doesn’t know how the parking lot is laidt...if they see it from
overhead...they might understand it the first timeytbee the map...that sounds like a
pretty similar downside”. Finally, once the card was created the partigipa
reflected, 1 feel like we’re specializing this one...causes ii kind of graphical
information, but it's a special kind. It bringsibwn pros and cons to an extent in
terms of understanding the information. It's abonterstanding the place, not just
the representation of it’.. His reflections serve to demonstrate that ottends can
influence how new cards are created and that nese @an also be a result of a noted
connection. In this case, identifying that relasibip with the graphical information



card served the group well, allowing them to createique and reusable card. This
card was eventually reused by group 7 in their stenyboard.

Creating new artifacts is important to reuse beeatiprovides a fresh source of
knowledge. While the burdens of creating a newd éaiterms of content might have
been lowered by introducing the picture and thepnstructure of claims, we
noticed that other factors such as the designevis knowledge and trust influence
whether a card is created. This might be overcdmowjever, if the designers were
exposed to more cards that look like they wererdmuted by other designers.

Building Storyboards. While we observed rich interactions as the complete
storyboards were constructed, we focus on repodinthe cards in the structures of
the storyboards and the strategies used to ass¢henie On average the groups had
4.8 panels in their storyboards (where each paaslame or more cards marked by a
single section of the written narrative). Groupad the most with 6 panels while
group 6 had just 3 panels. An average of 2.4 parmhtained multiple cards within
them. All of the group 5 panels had multiple cardshem. Group 1 and 4 did not
have any such panels.

The structures in the storyboards continued toasgmt the reliance on establishing
connections between cards. A common connection tvasconnection between
displaying an artifact and interacting with theifadt, as acknowledged by group 3
participants when they sequenced their cards acglyd As we mentioned earlier,
cards were often combined together to represeatra 6f fusion. Group 4 was the
only group to structure their storyboard such Hiegtrnate paths were represented. At
one point, their storyboard split into three polesiboutes, representing different
notification methods based on preference, and ¢hemerged again. We find it is not
only necessary to demonstrate what is being relmedylso how it is being reused—
an aspect reflected through the structure of theesentation.

We spent time investigating the strategies useautiitout the design activity. In
general we found the groups typically first famitted themselves with the cards,
made choices, and then constructed the storybo@rdup 3 was the only group that
decided to try to group all the cards into categ®rsuch as displays, notification
methods, and input methods while familiarizing tisetaes with the cards.

In determining how the group should approach tBg,teve noticed a clear tension
between determining a scenario to inform the desaga letting the features
determine a possible scenario. Group 1 was the gnolup that clearly determined a
scenario first and then proceeded to create theybsiard. The rest of the groups
allowed the combinations of features to determirmmossible scenario, but groups 5
and 6 did engage in some initial discussion of asjide task flow. While many
groups engaged in a debate about how to approaahpérticipant in group 3 put it
this way: ‘So how would you want to start this? Do you warut individual pieces
together and build a storyboard...and then build @rys? There are two ways of
going about it right? Either you take the abstratiunks and place it then form a
storyline or decide [on] a story and then place thaunks. In group 1, we noticed
that focusing on the scenario first led to a newd daeing created because the story
was determined independently of what was beingredfe¢o them. One should
consider whether a scenario-first approach cantieatcreased contributions, but we
do not have further data to explore this route. ilgvAn open and flexible design



process can be beneficial, this important tensiostrhe investigated further if we are
to work toward proceduralizing storyboarding thrbugeuse as it might have an
impact of the quality of the storyboards.

4 PIC-UP

Our primary motivation for creating a tool for stboarding through reuse was to
facilitate the collection and sharing of design wiexlge. We conducted the study to
understand how those engaged in storyboarding ghroteuse would leverage
components—giving us a chance to develop a todl ihagrounded in actual
experiences. The results allowed us to distiled &f goals for a tool that could
support this activity:

Supporting recognition and ideation. To avoid having designers expose
themselves to large amounts of textual informatiorages should be used to allow
for quick identification. They will also serve apringboards for ideation because
they can inspire and provoke thought that can thdu solidified with access to
rationale.

Discovery through relationships. Because artifacts do not exist in isolation,
relationships among them can allow designers tdoexpother artifacts that might
also be relevant. Using relationship types alla@signers to find artifacts that are
meant to fit the design in a certain way.

Encouraging reusable contributionsWhile the tool must enable quick and easy
creation of artifacts, designers must also be emagmd to make their artifacts as
reusable as possible so that others can take ady@of them. Through exposure to
other artifacts and guidance, designers can beuemged to create appropriately
scoped and complete artifacts.

Guidance. While an open and flexible process should be adbesense of the
important tasks of exploring, deciding, and conging storyboards should be
fostered.

4.1 PIC-UP Description

We created a digital storyboarding environmentechlPIC-UP that builds on the
activities carried out for our study and takes aage of the additional storing,
organizing, and guidance that technology enabledthough we focus on the
experience on a traditional display, our applicativas designed to support
nontraditional displays such as multiple displayismments and tablet PCs.

While PIC-UP can certainly allow designers to ceedtll storyboards from
scratch, we focus on supporting creation througisee Thus, we provide access to
an online library of claims in the form of cards émable to construction of
storyboards by leveraging a table metaphor. Eacth appears with a claim title and
image and, when necessary, can be flipped to sheveamplete claim on the back.
The cards can be moved easily within the spacewalh users to sift through
artifacts as they please.



While our goal was to guide novice designers inrteforts to build storyboards,
we did not want to impose a strict process sodiatgners could be free to carry out
the process in their own way. For this reasonadepted a lightweight method that
would illustrate the main types of activities thvawuld need to be carried out. We
divided the environment into three resizable spad@®wse, workspace, and
storyboard (see Fig. 2). As cards are moved fraomspace to another, the designer
is made aware of the possible tasks that may reée tarried out by referring to a
menu on the left of each space.

Browse Cards

Gontinuous Notifications Use of Indicator to Notify
| using visual Encodings

Using a Mouse to Interact With a Systen
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Using Textual Information for Notificatic
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Storyboard
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Fig. 2. A screenshot of PIC-UP showing three spaces: rpwsrkspace, and storyboard.
Cards are moved from one space to another as usgnegs through the design activity.

Browse. The first space in which browsing activities arerieal out addresses the
need for quick identification of and brainstormiaigout cards that may be of value to
the designer. While initially confronted with aasiered set of cards, users can
narrow down and search through the cards in a nuofbeays with constant focus
on images. They can choose to see the top 10usedtcards, a random set of cards,
or cards that belong to a certain category throlafpels assigned to them. Labels
such as notification methods, displays, and inpethods are used to categorize the
cards. Functionality to hide and restore car@dss provided.

A detailed view of the cards allows for further éstigation. As we found in the
study, the relationships established among thesczad play an important role during
the reuse process. This enlarged version of tleetee card includes thumbnails of
related cards and allows for navigation to themelaBonships such as generalize,



specialize, mitigate, fuse, execute, and evaluaeused to describe the connections
we observed in our study.

Workspace. Once a card is chosen by a designer it is mowdket workspace. This
space is intended to give users a space to callettdecide on cards to use in their
storyboard. Users may continue to see the detaitad of cards and read the claims
to familiarize themselves with the artifacts.

Because this space is used to collect componentsd gives designers the
opportunity to further determine how suitable atifast might be. In some cases the
artifacts might be only somewhat appropriate. Aifect can be edited so that it
better fits the context of the system being creatéthen an artifact is not available,
the user may create a new card. Creating a netvigaolves adding a title, image,
and full claim. We deliberately wanted to make phecess of creating a new card
quick and simple to reduce the burden on the desigivhen the designer’s work is
complete, the edited or new cards can be storedtif@rs to view and reuse. Because
this creates a source for contributions to the sigpry, we try to encourage designers
to make their contribution as reusable as possibi&e believe that exposure to the
cards in the browse space can inform designers hew their own cards should be
authored to make them reusable.

Storyboard. The cards that will make it into the final stoogsd are moved from the

workspace to the storyboard space. The spaceeld ts sequence the cards to
represent an appropriate scenario of usage. Quicelof using the table metaphor
for our tool proves useful in this space becauseitinues to allow the designers to
represent different paths and relationships in dh@ngement of the cards. This
section also allows the user to add scenario catdek text boxes that the user can
type their narrative into and place underneath esponding artifacts. Like the

regular cards, these can be moved around in the seay, although they can only

exist within this specific space.

4.2 Exploratory Study

To gather feedback on the tool we developed, welwcied an exploratory study with
six undergraduate students. The participants posly participated in other sessions
of the same storyboarding activity for a differestidy. Although we realize this
gives them an advantage, our primary goal wasaobserve their design habits, but
to collect initial reactions to aid in further ta@finement to conduct future studies.

Each participant was asked to create a storybaard $ystem that would notify a
traveler in an airport when their flight was depagt We asked that the storyboard
use at least two existing cards, at least one ra@d; contain three to five panels, and
include a narrative describing the usage scenarierisure they used all of the
available functionality. Once the task was comgl@iarticipants filled out a survey
responding to Likert-scale questions about findiagds and creating cards. They
also provided comments on what they liked the medtiat they found most
frustrating, and any changes or additions they douhke to PIC-UP.



We found all participants used between five and/eziecards to construct their
storyboards. None chose to edit an existing cardi$e in their storyboard. We were
surprised to find only two of the participants undéd a picture in the cards they
created even though they were free to find an imagkne or draw an image
themselves and import it. This points out thateiting images might be an
impediment that could not be overcome easily or pasceived to be time-
consuming. While we know there are benefits tadgimagery, potential barriers to
inserting imagery needs further study as it mightibtrimental in the long run.

Bailey et al. found paper and pencil techniqguesewmeferred to communicate
design structure by juxtaposing artifacts in a daisspace [1]. In our questionnaire,
five of six participants reported they would prefesing the digital method for
storyboarding over paper-based methods becausdéeofditag-and-drop interface.
Perhaps the physical nature of PIC-UP allowed therjuxtapose artifacts in ways
that mimicked the findings of Bailey et al. The querticipant who preferred paper-
based storyboarding mentioned the physical cardddmorovide more freedom and
“responsiveness” and might explain why images wetancluded in some cards.

Our questionnaire asked the participants how etagias$ to find cards and create
new cards on a scale of 1 (very easy) to 5 (vefficdit). Participants ranked
creating their own cards as easier (mean of 14t) fimnding and reusing preexisting
cards (mean of 2.7). No participant ranked thdicditty of either task above 3,
indicating that participants considered both tasksot be too difficult.

The participants gave us the impression that tleelly enjoyed using the tool.
When asked what they liked best about the tooliegeived positive comments about
the emphasis on the visuals, the drag and dropartien, and the different spaces
organizing the work for them. However, they dideofsome suggestions for
improvements. While viewing images initially hetp¢hem find the artifacts they
wanted to use, they felt that an arranged positgpmif cards (instead of the current
scattered placement) would have aided them inrfopdiards more easily. Others
request larger labels for the cards. When creatargs most participants wrote the
point and click approach to entering the partshef ¢ard made the task simple, but
some participants encountered problems in finduighow to modify their cards.

5 Conclusions

Our study on storyboarding demonstrated we cantems@enarios of use by reusing
artifacts. We found the use of imagery aids identguick recognition, and access to
claims that might have otherwise been harder totifje—creating a balance between
creativity and design rationale. Key to the buiffiof the storyboard are the
relationships that naturally emerge and aid infifigng, deciding on, and sequencing
artifacts. Grounded in these observations, weeldgped a tool to support
storyboarding, but also facilitate the artifactatien and sharing needed for reuse.
Our research efforts have lead us to learn someoritaupt lessons regarding
storyboarding and reuse.

Encapsulate reuse within a prototyping activitiProviding reusable artifacts and
expecting designers to reuse them is not enoudtereTis a need to support a design



activity that is widely accepted by practitioner$toryboarding itself is a highly
creative and fun activity early in design that tenbeneficial to the designers trying
to express their ideas and to other stakeholdeswith to understand how a system
will function. Since storyboarding naturally has@mponentized nature due to the
panel structure, it fits well as the basis forexitble reuse-based design process.

Encourage learning while making contributionSncapsulating reuse within larger
prototyping activities means that contributions ao¢ just being made for the benefit
of others, but that designers have a personal me&so creating new artifacts.
However, for their contributions to ultimately beseful to others they must be
authored in a way that is not too restrictive. &syre to other artifacts of a similar
nature, either through mechanisms such as catsgorieelationships, can not only
familiarize the designers with the domain, but als®ways in which they are created.

Weigh the tradeoffs of structural changes in adifa Since we knew of the
challenges designers face when trying to reuseobmar intentions was to explore
the benefits of attaching inspiring imagery to ilai While they provide easier
access to rationale, it also means that we mudbexpow to encourage people to
also include their own imagery. Although furth&arations on the storyboards and
support for sketches might provide incentives taigigers, this teaches us an
important lesson in understanding the impact ogeauvhen trying to shift the balance
of the challenges.

Our work provided us with valuable insight into ttlesign concerns that impact
the building of storyboards through reuse. Otlspreats of the activity, such as the
collaboration, can also impact what and how artiface reused. We realize there is
still more work to be done. We intend to refindCRJP to fix identified problems.
Additional support for assigning relationships calso be included so that new
contributions are not left in isolation in the refory, but connected to the larger
network of artifacts. Because our storyboardingoésed on generic images as
opposed to specific sketches, this places greatgrhasis on the narrative when
trying to understand the task flow. Further desigrations to specify the storyboard
may be required by designers, but we believe thig@ach can aid novice designers
in learning about components needed for their systEhus, we plan on conducting a
summative evaluation on the use of the tool withcpitioners to better define how
well the storyboards are able to capture the inédion most desired.
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