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Designer’s Café :
Developing A Tool for Collaborative Multimedia Systems Design

Seung |k Baek'

ABSTRACT

Multimedia systems design generally requires a collaborative effort from a group of designers with a variety of backgrounds and tasks, such
as content experts, instructional designers, media specialists, users, and so forth. The fact that the designers have totally different backgrounds
and tasks may hinder their collaboration. This research develops a collaborative design tool for multimedia systems design, called the Designer’s
Café, with which multimedia designers can share their design knowledge on the Web freely. The Designer's Café consists of three intelligent
agents that are designed for supporting collaboration activities of multimedia designers. The intelligent agents are implemented by using JAVA
SCRIPT and COﬂD FUSION. By using the tool, designers create, revise, and share their knowledge/ideas in very structured ways. The
structured design process might enhance the collaboration activities of designers while designing a multimedia system within a virtual working

space.

7I9< : HEIOICI AlAY CIRfeI(Multimedia Systems Design), IW2IHE WOIEE(Intelligent Agents), 2XES C|X}LI(Software

Design), CiXI =F(Collaboration)

1. INTRODUCTION

Multimedia is an umbrella term generally referring to the
seamless integration of text, sound (such as spoken words,
music, or sound effects), visual images (such as still pho-
tographs, motion pictures, or animation), or other electron-
ically represented information under computer software
control [1, 27]. Therefore, a multimedia design project gen-
erally requires a collaborative effort among many devel-
opers with a variety of backgrounds, such as personnel,

context experts, instructional designers, users or clients,
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and so forth [2, 6, 25]. Because each of them possesses to-
tally different backgrounds, training, and experiences, com-
munication among them is always problematic. Unifying
a design team that is comprised of members from different
disciplines, with different skills and different ways of des-
cribing multimedia, might be a major problem that project
managers must solve in order to complete projects suc-
cessfully. Also, when team members are located at different
functional groups within a firm or in separate firms, their
collaboration becomes more difficult. The major issue in
the collaborative design environment is making designers,
with their own unique interests and individual perspectives,
come to a common understanding of what they are building,
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sharing information, and coordinating their individual de-
sign efforts. While a great deal of research and theory ex-
ists for designing more effective multimedia applications
with respect to content, structure, and presentation [12, 19,
201, very little attention has been paid to the actual coor-
dination process that individual designers incur or groups
undergo in a collaborative design process for multimedia
systems [25). And, design tools for multimedia systems cur-
rently on the market are mainly designed for a single de-
signer, not multiple designers. The research aims to develop
a tool, called Designer’s Café (a tool for collaborative multi-
media systems design) that can facilitate expression, trans-
mission, and evaluation of ideas from design participants.

2. Collaborative Design

The design task involves a complex set of cognitive
activities [8, 18, 22]. Because designers hardly have a com-
plete statement of a design problem and a straightforward
design process to follow, they use a variety of cognitive
activities to analyze a problem and to develop a potential
solution of the problem [18, 22]. Simon [23] states that “de-
sign is an ill-structured problem in which the start state
is unspecified, the goal state is incompletely specified, and
the transformation function is unspecified.” Goel and Pirolli
[7] define that “design consists of two components : logical
and creative components.” Goel and Pirolli [8] also state
that “design is fundamentally mental, representational, and
a signature of human intelligence.” Cross [3] argues that
“design ability is summarized as comprising resolving ill-
defined problems, adopting solution-focused cognitive strat-
egies, employing abductive or appositional thinking and
using non-verbal modeling media.” Although design is too
complex an activity to be understood clearly, based on the
studies that examine the design process in relation to a
wide variety of artifacts, there has been a gradual under-
standing of the management of design process [13, 18] the
structure of design problems [7, 8, 261 the nature of design
activity [3] and the philosophy of design method [22, 23].
One of the popular domains for studying design is the area
of software design [4, 9, 13, 28].

Software design is a problem-solving process of trans-
lating clients’ and end users’ underspecified and ambiguous
knowledge into a structured description of a computer pro-
gram that will satisfy their needs [4, 13, 29]. Software de-

sign tasks are too complex to be accomplished directly from
the design problem statement that clients or users specify.
Thus, during a design process a designer decomposes the
ill-defined and ill-structured problem into a set of well
~defined and well-structured subunits that are manageable
and minimally interacting, and combines these design so-
lutions [13, 22]. The decomposition and integration proc-
esses are central to the success of software design [13].
Since the kinds of knowledge that may be required for
accomplishing both problem decomposition and solution in-
tegration processes are practically limitless, individual de-
signers face cognitive difficulties (breakdowns) during de-
sign processes. The cognitive breakdowns are likely to
produce incorrect design solutions. To reduce the cognitive
breakdowns, users, designers, and developers must share
their knowledge and skills central to the design of useful
software [24). Curtis et al [4] and Guindon [9] state that,
due to the lack of knowledge and cognitive limitations, the
cognitive difficulties (breakdowns) occur.

2.1 Lack of Knowledge

The knowledge required for software design can be di-
vided into two categories : a) application domain knowl-
edge [1] and b) knowledge of the design process [13, 22].
When designers lack application domain knowledge, they
have difficulty understanding the problem itself. Rosson
and Alpert [21] argue that some of the most expensive
mistakes in software design projects can be attributed to
the designers’ failure to understand the problem situation
adequately.

Design schema is a higher-order knowledge about a
design process [13]. In a design process, previous experi—
ence is a major factor that can provide a design schema
for the problem solution. For instance, if a designer has
experience in solving similar problems, the designer can
use the same problem solving process to solve new pro-
blems. To construct design schema effectively, designers
need to store and categorize previous experiences in a
proper way for future use [13). By using software tools that
can help designers to organize, access, and modify domain
knowledge and design schema in the course of solving

problems, designers can overcome this problem [9].

2.2 Cognitive Limitations
During a design process, due to capacity limitations of



short-term memory and the unreliable retrieval of relevant
knowledge from long-term memory, designers experience
cognitive limitations [9]. Because of the lack of adequate
knowledge organization, designers frequently fail to re-
trieve correctly and to apply relevant knowledge through-
out a design process [1, 13]. Even in small-sized software
design projects, due to the limited cognitive capacities, de-
signers have difficulties in considering all of the stated or
inferred constraints required in generating a design solu-
tion. By using software tools and methodologies that allow
designers to consider all the stated or inferred constraints
in defining a solution, to keep tract of the status of sub-
problems, and to merge solutions from individual subpro-
blems in order to form a complete solution, designers can
overcome their cognitive limitations [9].

Although many tools have been developed to alleviate the
cognitive breakdowns in large-scale, complex software de-
sign projects, these projects still have problems. Since the
large-scale, complex software design typically involves
knowledge across multiple domains and includes numerous,
potentially interrelated constraints and assumptions, a sin-
gle designer cannot possess all the knowledge and consider
all the constraints and assumptions even if the designer
uses tools [29]. In such an environment, the breakdowns
can be considered to be the norm [28]. Therefore many
large, complex software design projects are performed in
a team environment [4, 15, 28].

Since the knowledge required for large, complex soft-
ware design is unavailable from any one individual de-
signer, software design team members integrate their men-
tal models of potential design solutions into an effective
system thirough formal and informal communications [15,
29]. These interactions help designers to overcome each
other’s cognitive breakdowns. However, eliminating cogni-
tive breakdowns through these interactions requires ef-
fective informal and formal interpersonal communication
channels for sharing knowledge among team members [15].
The difficulties of communication restrict individual de-
signers in supporting others’ cognitive breakdowns during
a design process.

The use of multimedia has been popular in various ap-
plication areas. Especially, in the area of education and
training software, multimedia has an important role. Because
multimedia systems design requires knowledge about me-
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dia and instruction above the knowledge required for the
conventional text-based software design, designers ex-
perience more serious cognitive breakdown [10]. Successful
multimedia systems design requires an interactive design
environment in which design participants, including users,

can share their design solutions freely.

3. Multimedia Systems Design

Multimedia systems design consists of three basic cog-
nitive activities, which are usually performed by a group
of designers : selecting information, structuring contents,
and selecting media [6]. By analyzing application domains
and target audiences, designers decide what information
should be contained in a multimedia system. Then, they
identify a hierarchical relationship (content structure) a-
mong the selected information sources. Finally, they decide
how the selected information should be presented in a mul-
timedia system. These activities are very closely related,
rather than separated.

Teamwork, cooperation, coordination, and communica-
tion among team members are very important in a col-
laborative design process for multimedia systems. Because
multimedia systems design involves various kinds of knowl-
edge at the different levels, the teamwork, cooperation, co-
ordination, and communication are more important in de-
signing multimedia systems, compared with other text-
based systems. One obvious recommendation is to promote
actively the acquisition, sharing, and integration of knowl-
edge within a design team [28]. In order to enhance knowl-
edge exchange and resolution of conflicts among team mem-
bers, many real-world design teams construct a shared
memory [28, 29]. Two aspects of group dynamics - knowl-
edge exchange and resolution of conflicts - are vital to col-
laborative multimedia systems design. However, because
many design teams manage the shared memory in an ad
hoc manner, and just store formal knowledge, such as users’
manuals and user analysis reports, they cannot manage the
dynamic evolution of knowledge that occurs throughout a
design process [28]. In order to manage and speed the
evolution of knowledge, it is necessary to develop new tools
that encourage design participants to bring their knowledge
and skills to bear on the design. Also this should be ac-
complished without forcing them to mediate through ex-
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plicit description. The research aims to design a tool that
can facilitate expression, transmission, and evaluation of
ideas from design participants.

4, Tools for Supporting Multimedia Systems Design

When designers first start thinking about a visual in-
terface, they often sketch rough pictures of the screen lay-
outs on paper rather than using a computerized design tool.
Because their initial goal is to sketch the overall layout and
structure of the components quickly, rather than specify
detail interface design, they prefer to sketch early design
ideas on paper or a whiteboard. A variety of computerized
design tools have been developed to support the paper sketch.
Unlike the paper sketch, the computerized design tools
allows designers to sketch their initial ideas interactively
and modify their sketches easily, as well as to produce
sketches quickly and flexibly. In many tools, the screens,
which designers quickly sketch, are often tied together by
storyboarding techniques {14]. The storyboard shows how
one frame relates to adjacent ones, as well as to the whole
concept, and what media are needed to achieve a particular
effect. In the early design stage, designers need tools that
give them the freedom to sketch rough design ideas quickly,
the capability to specify transitions between screens and
behavior of interface elements, and the flexibility to fill in
the design detail [16].

SILK [16] is an electronic sketching tool that allows
designers to quickly sketch an interface electronically. By
using SILK, designers sketch a series of storyboards and
illustrate transitions among them. Beyond providing the
ability to capture design ideas quickly, SILK allows de-
signers to examine, annotate, and edit their sketches easily
throughout the design process.

DENIM {17] is an electronic sketching tool for early web
interface design. DENIM is most closely related to SILK
[17). DEMIN takes many ideas from SILK and extends them
to the web design. Both SILK and DEMIN are storyboard
-based systems that allows designers to quickly sketch
initial design ideas in the storyboards, create links among
storyboards, and interact with them in a run mode. How-
ever, DENIM de-emphasizes the screen layout aspects of
SILK, focusing on the structure of whole screens [17].
DENIM provides the different ways of viewing storyboards,

from individual storyboards to a whole picture.

Anecdote [11] is a multimedia design tool providing sup-
ports for the early early-design phase as well as the whole
development process of multimedia systems. Like DENIM
and SILK, Anecdote enables designers to sketch design
ideas by creating storyboards and connect them with nav-
igational links. Similar to DENIM, Anecdote allows design-
ers to explore storyboards at the different levels of ab-
straction. However, in supporting multimedia design, SILK
and DENIM might have problems. Multimedia designers
need to explore creative temporal layouts, more expressive
interactions, and the use of dynamic media such as audio,
video, and animation within an application. To satisfy the
needs of multimedia designers, Anecdote employs the con-
cept of surrogate media and surrogate scene. Surrogate
media is a type of media to represent the content of the
media data to be created. Anecdote helps multimedia de-
signers to sketch not only the screen layouts, but also
media contents included in screens. Surrogate scene is a
design sketch of a screen representing a segment of the
application structure. Anecdote employs a top-down design
approach. This is, it allows designers to sketch the scenario
roughly, and later helps designers to refine the details of
the scenarios.

Designing a multimedia system can be characterized as
a learning, communication, and negotiation process among
design team members [2, 6]. Throughout the interactive
process, the team members integrate knowledge and skills
from designers in various domains. None of the design tools
support team activities. The objective of the research is to
develop a collaborative support tool for multimedia systems
design, called Designer’s Café. Like SILK, DEMIN, Anec-
dote, Designer's Café is a storyboard-based design tool
providing supports for the early design phase. Similar to
Anecdote, Designer’s Café employs the concept of surro-
gate media and surrogate scene, and is specialized in mul-
timedia systems design. However, it supports team design
activities, as well as individual designers’ activities. Desig-
ner's Café supports team dynamics in the process of multi-
media design. Designer’'s Café enables design team mem-
bers to explicitly communicate and negotiate how nar-
ration, images, text, special effects, and background music/
images are brought together and linked together to form

a final presentation. By helping designers create, exchange



and share storyboards, we can enhance their knowledge
communication and sharing activities. This research de-
signs a collaborative support tool that can manage diverse
knowledge sources and their dependencies throughout the
multimedia design process.

5. Designer’s Café : A Collaborative Design Tool for
Multimedia Design

An intelligent collaborative design tool for multimedia
systems design, called Designer's Café, consists of three
intelligent agents : user agent, knowledge manager, and
knowledge agent. The intelligent agents are designed to
support the collaboration activities of designers. Each agent
consists of a knowledge base and a set of production rules
that manage its knowledge base and generate adequate
interfaces for designers. In order to perform their tasks, the
agents communicate with other agents through HTTP com-
munication protocols. An agent might request information
from other agents. The knowledge bases are implemented
using Microsoft Access. The rules are implemented using
Java Script. For the interface between Java Script and
Access, we use the CFML (Cold Fusion Markup Lan-
guage). The overall system architecture is shown in (Fig-
ure 1). By communicating with each other, agents dynam-
ically generate the interfaces. <Table 1> summarizes how

intelligent agents can support a collaborative multimedia

design.
Java Script CFML MS Access
Post| & '
Get ¢y Methods
CFML
El_ltel’fﬁ_lq-——b Knowledge Annotation
Manager DB
A
A4
M| Knowledge [@— CFML Storyboard
Agent DB

(Figure 1) Overall Architecture of Designer’'s Café

(Figure 2) shows a sample code of an intelligent agent.
When agents are loaded, they read their databases to up-
date their knowledge (Part 1). Whenever changes are de-
tected in any databases, all three agents are reloaded. Based

on their knowledge, agents generate proper interfaces for

=]

Aol WEDICIO) AlAE CIXRIE 13 T JHEO| 2T oI5 139

designers (Part 2). If agents need more information from
other agents, they formulate queries (Part 3).

{Tahle 1> Roles of Intelligent Agents

Collaborative .
Activities Roles of Intelligent Agents
Intelligent Knowledge Creating Templates
» Big Picture View
Kg:ewal?:ge » Remind/Cue
2 . Aut(_)matic Agenda Management
» A Structured Knowledge Creating Mechanism
Knowledge Intelhgent Inde?qng and Structuring Mechanisms
Storing * Social Indexing
« Issue-Based Indexing
Intelligent Knowledge Distributing
Knowledge | + Various Views of Changes
Distributing | * Filtering Changes
» Dynamic and Automatic Knowledge Distribution
Intelligent Knowledge Retrieving Engine
Knowledge | * Content-Based Retrieving
Retrieving » Context-Based Retrieving
« Automatic Query Generation

<CFQUERY NAME = “GET_SB" DATASOURCE = “SB">
SELECT * FROM STORYBOARD
WHERE ID=#URL_NO#
</CFQUERY>
<HTML> <BODY> PART 1
<SCRIPT LANGUAGE = “JAVASCRIPT">
Function DisplaySB(no)
{
<CFOUTPUT QUERY = “GET_SB">
if (GET_SB.ID ==no)
{ doc.document. write(‘<b>+-</b>"} ; --- | PART 2
}
</CFOUTPUT>
}
if (UserRequest == “ShowSB”) {DisplaySB(id) ; }

</SCRIPT>

<FORM NAME = “REQUESTANNOTATION" ACTION = “KMGR.
CFM?NO = #ID # & USER = # NAME #” METHOD = “POST">

</FORM>

</BODY></HTML> PART 3

(Figure 2) Sample Code

5.1 User Agent
The main functions of the User agent include :

® Remember all design activities while designers use the

Designer's Café. While designers use the Designer’s
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Café to share their design knowledge, the User Agent
keeps tracking their collaboration activities. It helps de-
signers monitor their own design activities.

¢ Dynamically organize designers’ agendas. The User Agent
creates, modifies, deletes, and prioritizes agendas. When-
ever designers get into the Designer's Café-based de-
sign environment, it creates, modifies, and deletes ag-
endas repeatedly based on the changes that are occurring
in the databases of the Knowledge Agent and the Know-
ledge Manager. To detect the changes in the databases
of the Knowledge Agent and the Knowledge Manager,
the User Agent continuously communicates with them.
In addition, the User Agent prioritizes agendas based on
the pre-defined rules. For example, when a designer makes
comments on a design idea, the comments are shown
in the top priority list of its originator.

¢ Provide templates for knowledge creation. The User Agent
contains templates for creating knowledge and rules for
validating user input in the templates. It has the tem-
plates for creating storyboards, hot spots (objects for user

interactions), and annotations.

5.2 Knowledge Manager
The Knowledge Manager performs the following func-

tions :

¢ Monitor all changes that occur in a knowledge repository
and forward them to the User Agent. The Knowledge
Manager monitors all changes that occur in storyboard
database and forwards them to the User Agent. Based
on the information, the User Agent generates and pri-
oritizes agendas of individual designers.

® Reformulate the designer's queries based on the de-
signer’s need. If designers retrieve storyboards for re-
view, the Knowledge Manger generates a query to re-
trieve all related information. If designers want to re-
trieve the similar storyboards by a keyword, the Knowl-
edge Manager automatically generates two different que-
ries for searching the storyboard database and the an-
notation database. Once it retrieves all necessary in-
formation, the Knowledge Manager generates an in-

terface to present the information effectively.

5.3 Knowledge Agent
The primary goal of the Knowledge Agent is to maintain

the integrity, accuracy, and quality of storvboards. A mech-
anism is needed to identify and promote the most useful
knowledge and to filter useless, outdated, or incorrect knowi-
edge from a knowledge repository. This is especially im-
portant in collaboration on an open network environment,
like the Web. The Knowledge Agent performs important
functions in implementing the mechanism.

® Index design knowledge. When new knowledge is created,
the Knowledge Agent automatically indexes and saves
the knowledge.

® Detect inconsistency and generate recommendation. When
designers create new storyboards or revise existing story-
boards, the Knowledge Agent checks their inconsistency
and duplications with the existing storyboards. Since the
Knowledge Agent has knowledge about the relationships
among different attributes within the templates for the
knowledge creation, it can check consistency and dupli-
cation of new knowledge and can recommend the re-
solution techniques when it detects inconsistency or du-

plication.

54 Iimplementation of Intelligent Agents

This section presents a step-by-step description of how
a designer works in the Designer's Café-based collabo-
ration environment. (Figure 3) is the initial screen of the
Designer’s Café, When a designer enters his/her user name
and password in the initial screen, the User Agent records
his/her login date and time. Then the User Agent sends
a query to the Knowledge Manager and the Knowledge
Agent to retrieve the storyboards and the annotations that
have been modified since the last login date and time. Once
it receives all information, it generates and prioritizes the
agendas. (Figure 4} shows the mailbox of a designer. The
mailbox consists of the public mailbox and the personal
mailbox. The public mailbox contains public announcements.
Additionally, the personal mailbox contains the agendas
that designers need to perform. If other designers comment
on a storyboard or change a storyboard, its originator gets
an urgent message in his/her personal mailbox. The User
Agent manages the mailboxes.

After checking the agendas, a designer goes into the
main screen for viewing the storyboard library (Figure 5).
The Knowledge Manager and the Knowledge Agent create
the screen. From the screen, a designer can actually start
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(Figure 5) Main Screen

his/her design activities, By entering a keyword, he/she can
retrieve the storyboards and the annotations related to the
keyword. The Knowledge Manager generates a query to
retrieve all information that is related to the keyword. By
clicking one of storyboard numbers, he/she can view the
detailed information about the selected storyboard (Figure
6). The storyboard consists of a description and hot spots.
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The description provides general information about what
information the storyboard presents, and how the informa-
tion is presented in the storyboard. The hot spots are the
objects that users can interact. In (Figure 6), the lower
frame keeps tracking the storyboard changes. When a de-
signer changes a specific storyboard, the Knowledge Man-
ager accumulates the changes and shows a list of changes
when the storyboard is retrieved. In a storyboard, a de-
signer can also view its annotations and add‘ new anno-
tations (Figure 7).
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(Figure 7) Storyboard Screen & Annotatibn Screen

The User Agent has three different templates for creat-
ing storyboards, hot spots, and annotations. (Figure 8) 8hows
a template for creating storyboards. A designer can create
either a super-storyboard or a sub-storyboard under a su-
per-storyboard. By filling out the title and the description
of a storyboard in the template, he/she can create a new
storyboard. (Figure 9) shows a template for creating hot
spots. By clicking one of the hot spots in the library, a

designer can reuse the hot spots. He/she also can create
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new hot spots. Based on the created contents, all serial
numbers of storyboards and hot spots are generated by the
Designer's Café (Figure 10) shows a template for creating
annotations. For the purpose of indexing, three different
types of annotations are identified : programming note, con-
tent note, frequent-asked-question (FAQ).
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- 2.1 HOME_PAGE
- 2.2 LESSON_PLAN
- 2.3 BACKGROUND S e e
- 2.4 SPECFICATIONS

(Figure 8) A Template for Creating Storybeards

(Figure 9) A Template for Creating Hot Spots

(Figure 10) A Template for Creating Annotations

Before a new storybodrd is stored'in the knbwledge
repository, the Knowledge Agent checks its mstency
with the existing storyboards. If it detects any dupiication

and inconsistency, it provides recommendations to a de-
signer (Figure 11). To show the relationships among
storyboards, the Knowledge Agent generates a matrix (Fig-

ure 12). From this matrix, a designer can navigate various

storyboards.
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(Figure 12) A Matrix Screen for Viewing Relationships among
Storyboards

6. Summary

By implementing three intelligent agents, we develop a
collaborative design tool for multimedia systems design,
called Designer's Café with which multimedia designers
can share their design knowledge freely among them-
selves on the Web. By using the tool, designers create,
revise, and share their knowledge in very structured ways.
The structured design process might enhance the colla-



boration activities of designers while designing a multi-
media system within a virtual working space. Without
having the structured process, they might face difficulty in
coordinating their design efforts. Designer’'s Café is a pro-
mising tool for collaborative multimedia desmn We have
implemented the Designer’s Café to demonstrate the de-
sired features of a collaborative design support tool. The
next goals of this research are to develop the interfaces
with multimedia authoring tools, such as HyperCard, Di-
rector, and to explore the usability of the Designer’s Café

in real-world settings.
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