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Abstract. Storyboarding offers designers the opportunitylltestrate a visual
narrative of use. Because designers often refgrath ideas, we argue that
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 fitltht images can aid in
accessing rationale and that connections amongrésaaid in deciding what to
reuse, creating new artifacts, and constructingseBan requirements derived
from our findings, we present a storyboarding ttiwht facilitates artifact
sharing and reuse and evaluate its use in an esptgrstudy. We conclude
with remarks on the use of storyboarding to enedlise.
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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 prowadnd 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]. Thus, efforts within HCI have investigated wgaof facilitating the reuse of
various components, often in the form of design vkedge [3],[11],[12],[20].
Although this might seem fruitful, designers expmbge collections of reusable
artifacts are often burdened by the large amoudtrastricted by tools that 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 stargls 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 preliminangy of its use. We conclude with
remarks about lessons we have learned and futimesef

2 Related 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 tbgpitch 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 have not supported sharingeusing artifacts.

Design reuse has been researched by many to Ihweddvelopment time and
costs [6]. Its value has been seen in industdiffierent situations. For example, the
IDEO Tech Box serves to collect and store objdud$ tan inspire and improve the
design of products [4]. Patterns, reusable knogdedtructures that incorporate



contexts of use, conflicting forces, and potensialutions, have been adopted by
those in HCI as a form of design rationale [3] dydthose in software engineering
[8]. The Yahoo! Patterns Library is an exampleaafepository that stores reusable
components for web design [25]. However, suchstdatk an overarching design
activity, such as storyboarding, that leads toaiqtype.

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 desigfR0]. 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 designers adessusable design knowledge in
new ways, we conducted a study in which novice giess took part in a
storyboarding design session. We were particulatBrested in how the participants
balanced the use of pictures and rationale, coimmectestablished among the
components, creation of new artifacts, approach&esnt to completing the design
tasks, and the structures of the storyboards.

3.1 Participants

Twenty-one graduate students actively engaged mdweting 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.

3.2Materials

A video camera was mounted over a table on whigttythards describing design
features were scattered (see Fig. 1). The froetaoh card had a picture representing
the feature along with a label. The back of thelded 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 primari t@eds to be interrupted for a
certain reason [14]. Some of the design problerasagsigned involved notifying



nuclear plant operators of changing core tempegatyrassengers in airports of flight
status changes, commuters of empty parking lotsspdtile driving, theme park
visitors of ride wait times, and students of emppots for classes they wish to
register for.
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Fig. 1. The front of the cards had pictures illustratihg tlesign feature along with labels (left).
The back described the consequences of usingdhgréein the form of a claim (right).

3.3 Procedure

The participants were randomly divided into 7 geuwpith 3 in each group. Each
group was asked to create a storyboard with 4-2lpaepresenting 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 cgw 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 mininetsywe did not stop groups that
went over the time limit.

Once the storyboard was completed, the participaete interviewed as a group
for approximately 30 minutes. Interview questioesolved around explaining the
constructed storyboard, usage of the cards, aradigecards.

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-makirggting cards, task approaches,
and storyboard construction. Timing data was atdtected. Each group video was
analyzed by two coders who watched the completeoddand identified critical
points of interest.



3.5 Results and Discussion

In this section we present the results focusingtln quantitative data that was
acquired from the study. We describe the rangactifities that took place during
the storyboarding activity, but expand on only sarhithem due to space limitations.

On average the groups spent 43:50 minutes comglétatask. Group 2 took the
least amount of time, 30:45 minutes, and groupok the most with 68:32 minutes.
During this time, the participants displayed ingtirey behavior regarding the use of
the cards, the connections established betweers,cappproaches to carrying out the
task, and structure of the storyboards.

Use of Imagery. For the designers, a critical part of carrying thé 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 timeslevgtoup 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 thiealele 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 throtigiA participant in group 7 emphasized the
utility of the pictures: I'guess the picture gives us a very...makes it e&sielentify
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 $ame 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 piainimake it easier to find and
access rationale that would have otherwise beateh#o sift through.

The pictures also served to generate ideas forddsegn task at hand. For
example, one card about showing trends in dataahpitture 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 paptnt from this group looked at
the trends card and saidjdu see [some spot] is empty so you click thatank 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 the an idea was ®dr&éom a picture, but was
unrelated to the feature that the picture was sgping. For example, a card about
relating preexisting user knowledge to a notificathad a picture of a chat window
with a chat history. A participant from group £ked up the card and said {ou
want a timestamp...then [use] something like thiEhe timestamps happened to be a
part of the picture, but were not necessarily therdlustrate the idea of the card.



This serves to illustrate that images can potdntiabpire ideas that are beyond that
of the cards themselves.

Linking pictures to the claims provided designerghwa way of quickly
recognizing artifacts, giving them quick accessrdasable components that might
have otherwise been lost and lowering the burdémealing with large amounts of
rationale. Additionally, they serve to inspire id@®ers with potential uses and other
ideas that might not have initially been intendgdhe artifacts.

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 participantualiarize 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 pagidipin group 7 who were looking
at a card about personalizing notifications wereuwa 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 relationshipsttaist 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 generalizatmrspecification. Several groups
identified a card about notification systems asigthis relationship with many of
the other existing cards. One person in group 2tioeed, “[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#ebhow 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 &oradic vs. continuous...this is
something we need to think about. Will it be curdusly displayed on your
handheld? A participant in group 3 identified the relatmip 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 orsyls¢em 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 observed,rot 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 exangpleew notification method could
be created by combining a card about a blinkingtligith an audio notification card.
The participants also linked appraising the stat@nointerface to interacting with the
elements in the interface. As the participantrioug 1 who wanted to use the trends
in data card mentioned, the use of the card wastsig tied to how a user would
interact with the feature if it were to be includet@ihese two relationships were used
more often in the construction of 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 criticahtev the participants learn and
express ideas to others. When needed, the claimbeused to argue for or against a
line of reasoning. The connections that are idiedtiforce designers to think about
choosing between claims and how the claims willnéwvally come together in the
storyboard.

Creating New Cards. During the design session we also gave the paatitgpthe
option to create their own cards if they felt itsmMaeeded 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 and,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 waiivg the claim said, What was the
graphical [card] one? How was that phrased? |Itlds..so using geospatial
representation of information? | almost feel likéney're related or something.As
he proposed a name for the new card, he realizgdhrs 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 sawed ¢ scope, making it generic
and trying not to over-specify the card so thatptsential 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 céxteah, | think the last two
[tradeoffs] are particularly relevant. | guess yoan 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 timey tbee the map...that sounds like a
pretty similar downside.”. Finally, once the card was created the partitipa
reflected, 1 feel like we're specializing this one...causes ifi kind of graphical



information, but it's a special kind. It bringssibwn pros and cons to an extent in
terms of understanding the information. It's abanterstanding the place, not just
the representation of it’.. His reflections serve to demonstrate that ottends can
influence how new cards are created and that neds @an also be a result of a noted
connection. In this case, identifying that relaibip 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 supportingse because it provides a fresh
source of knowledge. While the burdens of creasintgew card in terms of content
might have been lowered by introducing the pictarel the simple structure of
claims, we noticed that other factors such as #stgdier’'s own knowledge and trust
influence whether a card is created. This mightovercome, however, if the
designers were exposed to more cards that lookedHey were contributed by other
designers.

Building Storyboards. While we observed rich interactions as the complete
storyboards were constructed, we focus on repodimthe cards in the structures of
the storyboards and the strategies used to ass¢hane 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). Group&d the most with 6 panels while
group 6 had just 3 panels. An average of 2.4 garmhtained multiple cards within
them. All of the group 5 panels had multiple cairdshem. Group 1 and 4 did not
have any such panels.

The structures in the storyboards continued toest the reliance on establishing
connections between cards. A common connection tvasconnection between
displaying an artifact and interacting with theifagt, as acknowledged by group 3
participants when they sequenced their cards acggyd As we mentioned earlier,
cards were often combined together to represeatra 6f fusion. Group 4 was the
only group to structure their storyboard such #itgrnate paths were represented. At
one point, their storyboard split into three pokesiboutes, representing different
notification methods based on preference, and ¢bhemerged again. These structures
illustrate that it is not only necessary to demaist what is being reused, but also
how it is being reused—an aspect reflected thrabgtstructure of the representation.

We spent time investigating the strategies useautiitout the design activity. In
general we found the groups typically first familied themselves with the cards,
made choices, and then constructed the storybo@ardup 3 was the only group that
decided to try to categorize all the cards integaties such as displays, notification
methods, and input methods while familiarizing tisefwes with the cards.

In determining how the group should approach te&,teve noticed a clear tension
between determining a scenario to inform the desaga letting the features
determine a possible scenario. Group 1 was the gmolup that clearly determined a
scenario first and then proceeded to create thglsiard. 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 approaathparticipant 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 anyg2 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 nevd daeing created because the story
was determined independently of what was beingedféo them, leading us to think
about whether a scenario-first approach can leda®ased contributions. However,
an open and flexible design process also beneddfgders as it allows them to think
of the different ways to manage their approach.

4PIC-UP

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

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

Discovery through relationships. Because artifacts do not exist in isolation,
relationships among them can allow designers tdoegpother artifacts that might
also be relevant. Using relationship types allalesigners 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 beueaged to create appropriately
scoped and complete artifacts.

Guidance. While an open and flexible process should be adbptesense 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 adage 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 ceeédtll storyboards from
scratch, we focus on supporting creation througisee Thus, we provide access to
an online library of claims in the form of cards &mable 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 spacewady users to sift through
artifacts as they please.
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Random 30
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Fig. 2. A screenshot of PIC-UP showing three spaces, mowsrkspace, and storyboard.
Cards are moved from one space to another as usgnegs through the design activity.

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

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 nufbeays with constant focus
on images. They can choose to see the top 10umedtcards, a random set of cards,
or cards that belong to a certain category throlafpels assigned to them. Labels
such as notification methods, displays, and inpethomds are used to categorize the
cards. Functionality to hide and restore carddss 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 mowdhet 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 component@sd gives designers the
opportunity to further determine how suitable atifast might be. In some cases the
artifacts might be only somewhat appropriate. Atifeect 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 desigiiVhen the designer's work is
complete, the edited or new cards can be storeditfigrs to view and reuse. Because
this creates a source for contributions to the si&pry, we try to encourage designers
to make their contribution as reusable as possibée 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 spaceed tts 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 ah@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, welectied an exploratory study with

six undergraduate students. The participants hagliqusly participated in other

sessions of the same storyboarding activity foiffarént study. Although we realize

this gives them an advantage, our primary goalweddo observe their design habits,
but to collect initial reactions to aid in furth&rol refinement so that future studies
can be carried out.

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 com@l@articipants filled out a survey
responding to Likert-scale questions about findiagds and creating cards. They
also provided comments on what they liked the medtat they found most
frustrating, and any changes or additions they douhke to PIC-UP.

We found that all participants used between five @leven cards to construct their
storyboards. None of the participants chose tb @uliexisting card for use in their
storyboard. We were surprised to find that only tef the participants included a
picture in the cards they created even though Werg free to find an image online or
draw an image themselves and import it. This gointt that inserting images might
be an impediment that could not be overcome easilwas perceived to be time-
consuming. While we know there are benefits tadgimagery, potential barriers to
inserting new imagery needs further investigatisnitamight be detrimental in the
long run.

In the questionnaire, five of six participants rapd that they would prefer using
the computer-based method for creating storyboavds paper-based methods. Some
reasons participants preferred the tool include edisard editing, the drag-and-drop
interface, and comfort with computer-based tasksr gaper-based tasks. The one
participant who preferred paper-based storyboardimentioned that the physical
cards would provide more freedom and “responsiv&nes

Our questionnaire asked the participants how etagsas 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 14f) fimnding and reusing preexisting
cards (mean of 2.7). No participant ranked thdicdity of either task above 3,
indicating that participants considered both tasksot be too difficult.

The participants gave us the impression that tlemerally 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 inrdiards more easily. Others
request larger labels for the cards. When creatimds most participants wrote that
the point and click approach to entering the pafrthe card made the task simple, but
some participants encountered problems in findigcorrect areas to click to modify
their cards.

5 Conclusions

Our study on storyboarding demonstrated that weind@ed create scenarios of use
by reusing artifacts. We found that the use of gemg aids ideation, quick
recognition, and access to claims that might hakieravise been harder to identify—
creating a balance between creativity and desitionae. Key to the building of the
storyboard are the relationships that naturallyrgmend aid in identifying, deciding
on, and sequencing artifacts. Grounded in thbsergations, we developed a tool to
support storyboarding, but also facilitate thefacti creation and sharing needed for



reuse. Our research efforts have lead us to Isamme important 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 stakeholdesswith to understand how a system
will function. Since storyboarding naturally hag@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 mefmo creating new artifacts.
However, for their contributions to ultimately beseful to others they must be
authored in a way that is not too restrictive. &sqre 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 wlai While they provide easier
access to rationale, it also means that we mudbexpow to encourage people to
also include their own imagery. Although furth&rations on the storyboards and
support for sketches might provide incentives taigigers, this teaches us an
important lesson in understanding the impact oseauhen trying to shift the balance
of the challenges.

Our storyboarding study and exploratory study oC-IP provided us with
valuable insight into the design concerns that ichghe building of storyboards
through reuse. Other aspects of the activity, agkhe collaboration [23], can also
impact what and how artifacts are reused. Howewer realize there is still more
work to be done. We intend to refine PIC-UP sd fwame of the problems identified
in the exploratory study can be fixed. Additiosapport for assigning relationships
can also be included so that new contributions rage left in isolation in the
repository, but connected to the larger networkrtifacts. This can allow designers
to find newer artifacts more easily and gain aneustinding for how other designers
envisioned incorporating the artifact into their owvork. Finally, we plan on
conducting a summative evaluation on the use otdbkwith practitioners to better
define the impact of our approach.
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