Developing DisCo: A distributed co-design, on-line tool
SUBMITTED TO THE COLLEGE OF INFORMATION STUDIES DOCTORAL
PROGRAM IN FULFILLMENT OF THE INTEGRATIVE PAPER REQUIREMENT
FOR ADMISSION TO CANDIDACY AT THE UNIVERSITY OF MARYLAND
May 4, 2010

Greg Walsh

This paper reports on the prototype design of DisCo, a computer-based design tool that
facilitates distributed co-design through Layered Elaboration. Layered Elaboration is a
co-design technique that, until now, has relied on paper and clear transparencies to
generate ideas through an iterative process in which each version leaves prior ideas intact.
The new computer-based system allows co-designers to work asynchronously while
being geographically distributed. DisCo contains tools that allow the designers to iterate,
annotate, and communicate from within the tool.

Committee Members
Allison Druin, Committee Chair
Kenneth Fleischmann
Jennifer Golbeck

Introduction
This paper reports on the on the motivation and design of DisCo, a computer-based
design tool that facilitates distributed co-design through Layered Elaboration [22].
Layered Elaboration is a co-design technique that, until now, has relied on paper and
clear transparencies to generate ideas through an iterative process in which each version
leaves prior ideas intact. The new computer-based system allows co-designers to work
asynchronously while being geographically distributed. DisCo contains tools that allow
the designers to iterate, communicate, and annotate from within the tool.
Currently, distributed co-design is achieved with non-interactive media like paper and
sticky notes physically sent via courier, or non-iterative, computer-based methods like email. Distributed co-design is currently difficult because of the multiple individual idea
streams that the distributed co-design teams must manage such as text from an e-mail or
graphics from an image file [7]. Besides the difficulty in organizing relevant media,
distributed design teams need a way to see the iterations between versions and prevent
versioning errors. All of these limitations place a burden on all but the original
contributor and may reduce participation by remote teams.
This paper will investigate the design of this computer-based tool with our
intergenerational team and try to answer the following questions:
•

[Q1] How does Layered Elaboration need to be modified to facilitate
geographically distributed co-design?
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•

[Q2] What features does a computer-based design tool require to facilitate
Layered Elaboration?

•

[Q3] Once the prototype is developed, what changes need to be made to better
achieve its goal?

The work of this integrative paper will be integral to my future research in design
techniques and methodologies.

Motivating the Problem
Participatory Design is a high-level, overarching methodology that involves end-users in
the design process. In the mid-1970’s, computer-based technologies were introduced into
the workplace in Europe, and workers began to feel that they were losing control of their
work environment. This feeling of loss was “central to a growing debate in Scandinavia
and Germany about the place of industrial democracy in modern workplaces” [12, p. 169]
and led to the seminal work of the UTOPIA project [3], which sought to give a voice to
newspaper workers in Sweden in the design of new graphics workstations in the early
1980’s. This project could be viewed as an extension of “an ambitious continuation and
follow-up of a number of projects in Norway, Sweden, and Denmark in the 1970s, in
which researchers followed and supported the attempts of local trade unions to influence
the use of technology at work” [3, p. 1].
Current participatory design methods and techniques could be described as extensions of
the UTOPIA project. I will describe the current state of methods and techniques utilizing
mock-ups and low-tech prototyping for participatory design while paying particular
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attention to those suitable or possibly suitable for use by children.
The use of paper as a medium in Participatory and Cooperative Design is popular through
the use of low-fidelity, paper prototypes [20]. Paper prototyping provides user feedback
early in the design process. Paper prototypes can be as simple as storyboards, or more
complex requiring multiple researchers to imitate a computer. Paper prototyping can be
effective because end-users are more likely to focus on content instead of appearance
[18].
Storyboards, originally used for film and television production design and later modified
for interactive educational media[17] are simply low-tech pictures either hand-drawn or
created with layout software that represents what happens on each screen. Paper-based
storyboards are static and communicate steps or screens while being limited in their
ability to represent interaction.
More elaborate paper prototypes require several people to execute with a participant. In
the design of a robot for ophthalmology [10], a team was made up of three researchers
and one participant. One researcher acted as the leader and ran the session. One
researcher acted as the computer and manipulated paper elements based on the input of
the end-user. Finally, one researcher observed and took notes.
One of the earliest participatory design tools that leveraged paper-prototyping with new
media was PICTIVE [16]. PICTIVE combined low-tech prototyping materials with hightech video recording. PICTIVE used a shared design surface and included a number of
low-tech materials like labels, highlighters, colored pens, Post-it notes and pre-made
icons. The video equipment recorded the design team working on the shared surface. The
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idea of "Plastic" is important to PICTIVE because items are made of plastic, plastic in the
sense that designs are easily changed, and plastic as artificial because one can't confuse
the prototype with a working system.
Similar to PICTIVE’s shared physical space, the Cooperative Interactive Storyboarding
Prototyping (CISP) [14] approach used a virtual space on the computer screen. The goal
of CISP was to aid the researchers in designing a better VCR interface. The first iteration
of the method started with asking users to perform a task with the lab’s then-recently
purchased VCR and having them describe what they were doing. The sessions were
recorded but obstacles including occlusion of the camera and poor voice recording
reduced the efficacy of the artifacts for research.
The second iteration of CISP was built with HyperCard. This iteration of the method used
a palette of building blocks for people to develop user-interfaces on the screen. The users
could design a system on the screen that really controlled the connected VCR, test their
system with other users and capture real-use data that was unavailable with only a video
recording.
The previously mentioned techniques were similar in their shared workspaces, however,
collaboration between users occurred in real-time (PICTIVE) or, more loosely defined, in
a design-test-redesign method (CISP) and only occurred in the fixed-location of the tools.
One method that contains elements overcoming these limitations was the Group
Elicitation Method (GEM) [4]. This technique allowed experts to collaboratively solve a
problem through brainstorming augmented with a decision support system. The second
phase of the six-phase system is the most interesting in terms of low-tech prototyping.
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In the second step, called viewpoints generation, participants write their ideas on large
pieces of paper at different parts around a room. This is an iterative process where the
experts write their own ideas and then move around to read others' ideas. In this process,
participants critique each other’s work as they go. As this cycle occurs, "participants start
to write for the others instead of for themselves by adapting their own language to what
they have just read." [4, p. 2].
Landauer and Prabhu [13] described Dray’s technique called BrainDraw. BrainDraw is a
round-robin brainstorming activity done without critique. In this process, each designer
draws an initial design at his or her own station. After a defined amount of time, the
participants physically move to the next drawing station and continue the drawing at that
station. The process continues until everyone feels as though they have worked with each
idea. Each idea builds upon the previous idea in an iterative manner. At the end of the
process, each station contains a drawn artifact representing ideas from multiple people.
Another version of the technique has participants stay seated and the designs are moved
to different stations.
GEM and Brain Draw are interesting because both allow for iterative design in a roundrobin like fashion. GEM allows participants to critique and fosters the creation of a
shared language as they go while BrainDraw allows participants to build up and add to
designs without a fear of critiquing. Although each one is described as having taken place
in a fixed setting, it is possible that either one could take place in various geographic
locations as long as travel, time or cost was not an issue.
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Geographically dispersed co-design teams
As communities become more global, there is a need to use cooperative design
techniques with geographically dispersed audiences. There are multiple considerations
when working with a geographically dispersed co-design team including online
prototyping, communication channels, and time zone considerations.
One project that attempts to make geographically dispersed, cooperative design work is
the PICTIOL project [9]. PICTIOL is based on and shares features with TelePICTIVE,
[15], an online version of the PICTIVE design technique. PICTIOL seeks to mimic
PICTIVE with an online design space using predesigned shapes, “sticky notes”, and some
drawing tools. Like TelePICTIVE, PICTIOL allows users to design user interfaces in
synchronous sessions. Both also break the users into distinct roles like manager, designer,
developer and end-user.
In TelePICTIVE, users work on the screen at once. Once an object is placed and
modified by one user, other users can modify it. If a user begins to modify an object, that
object is locked to the user until they release it. PICTIOL, however, locks the entire
screen when a participant is designing. Other participants can watch what is being done
and all can participate in a discussion. TelePICTIVE has a similar User Info box to
describe what all the participants are doing.
Another example of geographically dispersed, cooperative design can be seen in the
design and development of the International Children’s Digital Library (ICDL) [7]. For
this international project, the design team leads had to modify their traditional co-design
techniques like sticky noting, low-tech prototyping, and idea frequency analysis, or “Big
6

Ideas” [11], to work with a geographically dispersed group.
For example, instead of sticky notes to denote likes, dislikes, and design ideas, a paper
matrix was created for design partners to write those same thoughts and then mail it back
to the design leads at the University of Maryland. Similarly, instead of low-tech
prototyping with Bag of Stuff, children from geographically dispersed areas drew
pictures on paper and mailed them back. Once a year, a lead team member would travel
to the different countries to interview the children about their designs to get some insight.
In order to use co-design with a distributed audience, TelePICTIVE, PICTIOL, and the
ICDL made compromises in order to succeed. Although TelePICTIVE and PICTIOL
allow participants to design together, they require synchronous connectivity.
Synchronous activities can become difficult when participants’ local time zones are far
apart. For example, if one participant is in London, while another participant is in Los
Angeles, they are separated by over eight hours. That means that one participant’s
morning is another’s evening and their window to collaborate is small.
The ICDL team ran into a different, yet important, challenge in distributed co-design. The
quality of interaction between co-designers usually encountered was reduced because of
communication media. The time to mail something internationally, the cost to travel to a
site, and the lack of iterations and elaboration by all parties in a timely manner could
have reduced the speed of development of the project. Thus, a technique that is usable by
designers around the world when they are available, yet updates instantaneous, and
manages the iterations between versions would be a powerful co-design tool.
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Cooperative Inquiry & Layered Elaboration
One method of participatory design is Cooperative Inquiry. Cooperative inquiry has been
used in the design of children's technologies for over a decade. Cooperative Inquiry
builds on informant design [19] by having adults and children work together as design
partners to create low-tech prototypes [6]. These prototypes are redesigned iteratively and
usually increase in technological sophistication or focus at each iteration. Prototypes then
receive feedback from the design team and the iterative cycle continues. In this
methodology, the inter-generational design team participates in the design of the
technology throughout its life cycle.
The University of Maryland's Human-Computer Interaction Lab (HCIL) has an intergenerational design team, called Kidsteam, who meets two-times a week for 90 minutes
each session. Druin demonstrates the importance of working with children because “[w]e
need to understand how we can create new technologies that offer children control of a
world where they are so often not in control…The better we can understand children as
people and users of new technologies, the better we can serve their needs” [8, p. 2].
The team uses a variety of techniques for their low-tech prototyping. They use craft
supplies, large pieces of paper, markers, and sticky notes to do their design work with
organizations like Microsoft, the U.S. National Park Service, Carnegie Hall, and Sesame
Workshop. The group has begun investigating “new co-design techniques suited to
designing the increasingly mobile and social technologies inherent in the lives of today’s
children” [22, p. 2] as well as techniques that can engage a wider age-range of children.
These investigations have led to the development of Layered Elaboration.

8

Layered elaboration [22] is a new technique for co-design that the Kidsteam researchers
developed over the past year. It generates design ideas through an iterative drawing
process where each iteration leaves prior ideas intact while extending ideas in new and
different directions. It does this through the use of over-head transparencies applied over
a piece of paper that has a design on it. The over-head transparency is laid over the piece
of paper and then the team members add to the design using markers specifically made
for acetate.
The utility of this technique is the ability for several designers to contribute ideas in a
non-destructive way. In a traditional low-tech prototyping session, when one designer
adds an idea to another's design, that original design becomes permanently changed. For
example, if one designer builds a model of an airplane with craft materials and another
designer adds a piece to it, that original design has been changed and reverting back to its
original form is often difficult or impossible. Likewise, when using paper to make
designs, it is often impossible to go back to an original design after someone else has
drawn on it with marker. If the first designer uses paper and then each subsequent
designer stacks a transparency on the drawing, the ability to “roll back” the changes
becomes very easy. Co-designers may be more likely to contribute ideas if they do not
feel like they are destroying another's work. Madsen and Aiken thought the “concept of
iteration as a discovery process is the key to prototyping: each successive iteration brings
the prototype one step closer to correctly representing the user needs…the concept of the
role of the user changing from reviewer to codeveloper" [14, p. 57].
Layered Elaboration has been used to continue work on a motion-controlled, instructional
video game about American history [21] and a touchscreen-based, educational game
9

called “Energy House” [22]. Both of these designs evolved into screen-based
interactions.

The DisCo Tool
Motivation
The distributed co-design tool, DisCo, was designed to expand Layered Elaboration from
a paper-based technique to an on-line environment that allows co-designers to work
asynchronously and manages iterations of designs. Using the lessons learned from the
energy house project, and trying to address the needs of a geographical distributed codesign audience, I designed and implemented a prototype web-based software package to
facilitate Layered Elaboration and support creative expression.
The potential audience for a geographically distributed, co-design team is the students
and facilitators of the Carnegie Hall Cultural Exchange program. In this program,
students from New York, Mexico City, and New Delhi participate in activities in the
classroom and in an online social network. Carnegie Hall worked with the student
ambassadors, participating students chosen by their teachers, to help improve the
semester-end concert experience because they felt as though students had not fully
participated nor enjoyed it in the past. Each location had co-design sessions, however,
there was no interaction between locations except the adult facilitators of Carnegie Hall
that traveled. This co-design situation is similar to the one experienced by the ICDL team
[7].
Synchronous, co-located co-design sessions would be impractical with the students due to
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travel cost and time. Synchronous, distributed sessions, such as video conferencing,
would be impractical between New York and New Delhi because of time-zone
differences. The only solution would be an asynchronous, distributed co-design session.
To accomplish this, a tool needs to support: users who are geographically distributed,
elaboration between designs, and creative expression.
DisCo was designed for scenarios like this and is based on previous literature in codesign methodologies and techniques. Like PICTIOL, the most recent revision uses color
to represent different users. Unlike, PICTIOL and TelePICTIVE, collaboration does not
happen in real-time. DisCo breaks down power roles in accordance with cooperative
inquiry and encourages creative expression without fear of permanently destroying
something.

Version 1
Description
The first version of DisCo was designed to mimic the paper-based technique while
adding a small number of features available only on the computer and necessary for
distributed teams. The tool allowed users to add layers similarly to the acetate layers used
in the paper-based technique.
The screen is divided into three parts: a canvas for drawing, a box for annotating the
design, and a comments pane that displays the designers' annotations for their respective
layer (See Figure 1). The canvas contained a paint brush for designers to draw, a color
palette, a tool for adding text, a discard button, and a save button called “freeze” to mimic
the verbal alert used in the paper-based version of the method. Designers were able to
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hide all the layers above a selected layer similar to removing a stack of transparencies
from a paper-based design. It was built using Adobe Flex, Pre-hypertext Processor
(PHP), JavaScript, and a MySQL database.

Figure 1  First Version of the DisCo tool.

Prototype in Use
In order to assist another research project, the first prototype was used by Kidsteam to
design a mobile user interface for: doing homework, hanging out with friends, doing
classwork, going on vacation, and watching television. The group initially sat in a circle
to discuss what the group was going to be doing that session. I explained that we were
going to be designing mobile user interfaces but we were going to use the computer
instead of paper and transparencies. The first question asked was, “Won’t that be
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harder?”

Figure 2  Design partners work with the DisCo tool.
Each child-member of Kidsteam was paired with an adult and was assigned a computer
and team name (See Figure 2). Four of the teams were in the Human-Computer
Interaction Lab, and the remaining two were in the College of Information Studies'
student computer lab across the hall. Each team was assigned a team identifier and one of
the topics. They were then given ten minutes to create a design. I walked around taking
notes, answering questions about the tool, and troubleshooting when necessary. Towards
the end of the ten minutes, I reminded the groups to annotate their design in the Notes
area and press “Freeze” when done.
After the ten minutes were up and all the designs were frozen, I assigned each group the
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next topic and gave them ten more minutes to add to the design. One boy didn’t know
that when he went on to the second topic that there would be a design there for him to
elaborate and thought that was “really cool”. Although I gave them ten minutes, most
seemed done or had submitted by the seven or eight minute mark.
For their final round of design, I assigned each group their next topic and gave them
sticky notes to provide design ideas on the tools. Most of the teams were done elaborating
the designs in about five minutes. In this round, they were both elaborating on the user
designs and providing ideas on how to make the technique and tool better through the use
of Cooperative Inquiry.
Design Session Outcomes
There was an average of three design ideas for the tool per group. During this time, an
adult collected the ideas to be placed on the whiteboard. After the three design sessions,
we reconvened in the main space and discussed the ideas for the tool that were collected
on the white board. By engaging in the tool’s design process, the team members truly
became co-designers of the tool.
The sticky notes were arranged on the white board into areas of similar topics. Based on
the group analysis of the sticky notes and the accompanying discussion, the following
ideas and concerns were identified to be addressed in the design of the next version.
Layers
The team started to flesh out the best ways to visually (or aurally) represent the layers.
Some ideas were to have the previous layers’ notes read to the new designer, visually

14

track changes with color codes like Word, more easily see your own layer compared to
the others, and automatically give you the next assignment instead of having to wait for
the go ahead from a facilitator, and turn layers on and off. This would support elaboration
between geographically distributed users.
Drawing tools
The teams were interested in bringing images in from the Web. They were also excited
about having a library of pre-defined shapes, such as circles, stamps, basic shapes, and a
straight line in order to express themselves creatively. The straight-line tool seemed
important because at least one participant thought that the computer was much more
difficult to draw with than paper.
Erase/Undo
The erase and undo discussion was heated because there was not a true erase or undo in
the tool. In this version of the tool, there was only an “Erase All” button that discarded
the layer much like designers may discard a piece of transparency if they do not like what
they have created. The functionality as it was did not support creative expression because
they were frustrated by it. The group also made it clear that an undo would be welcomed.
In the debrief with adults after the Kidsteam session, I asked about their thoughts on the
tool and what the children thought of it because they were working with them. I asked if
they thought they had to pull ideas out of their partners, and four adults thought that they
did need to at certain times. One child-partner didn’t seem enthused about the activity,
while another spent a great deal of time trying to draw perfectly. In an isolated incident,
one participant didn’t like the topic he was assigned in the second round.
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Version 2
Description of Changes
Using the same underlying technology (Flex, PHP, MySQL database) I added more tools
to the canvas and rewrote the comments tracker (See Figure 3). Although the group had
many suggestions in the initial design session, changes were made based on prioritizing
the needs of a distributed co-design environment. As previously mentioned, a distributed
co-design environment needs to support: people who are geographically dispersed,
elaboration between design partners, and creative expression. These criteria were used in
modifying the tool in the following ways.
I added an undo function to address the most popular design suggestion (See Figure 3,
Area A). This feature is important because it supports creative expression by helping to
prevent the user from being frustrated from having to delete and restart the design when a
mistake is made. Similarly, I modified the Clear All button to give feedback with a rollover, changed its icon, and moved it away from the save button (See Figure 3, Area D).
Again, this supports creative expression through a reduction in frustration.
The layer visualization functions were modified to include a hide and show function
activated by an eye icon. When the layer was visible, the eye was open and when
invisible, it was shut (See Figure 3, Area B). This is now similar to Adobe Photoshop's
[1] and the GNU Image Manipulation Program's [2] hide/show convention. This aids the
tool in supporting collaboration as the design’s previous designers may not be easily
accessible to ask questions of in a geographically distributed environment. This change is
also important because it supports elaboration by helping the user associate the design
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notes left by previous designers with the corresponding graphic layer.
Additionally, when a designer rolls over a layer's “eye”, that layer stays at full visibility
while the other layers faded back to 25% transparency. The faded layers' eye icons also
fade back as well. This continues to address the suggestion for better layer visualization
and, similar to the hide/show functionality, is important because it also promotes
elaboration by helping designers identify design notes with the corresponding graphic
layer.
Each layer was given a color. The layer's name was written in that color in the annotation
section. The layer's outline on the drawing canvas was drawn in that color (See Figure 3,
Area C). This, too, addresses the suggestion for better layer visualization. Like the
previously mentioned eye icons, this change enhances the software because it supports
the elaboration process by more explicitly identifying which layers are being described
by the design notes.
The second session was one week after the first session. In order to explore what the
design partners could do with the tool, I asked each of the children to come up with a
problem that could be solved with technology and use DisCo to design the solution. They
wanted to solve the following problems: a device that helps you learn to draw, a device
that automatically does your hair, a device that helps you not be hungry in class, a device
that helps prevent bullying, a device that physically helps you read a book, and a device
that helps you play video games.
Modified Prototype in Use
Similarly to the first exercise, they were each assigned a team name. There were only a
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few adults, so, they moved between children to help when necessary. The children were
assigned the topic that they suggested and began designing with the revised tool. They
were given 10 minutes. Most took the full ten minutes and two requested extra time to
type.
Once they froze their design, they returned to the menu and waited until all the other
teams were finished. Then, the designers were assigned new topics and began elaborating
on their assigned design. This time, they had a shorter amount of time and some children
finished faster and some had difficulty typing. During this round, one designer became
very excited over the eye and told the other children to click it to see it open and close.

Figure 3  Second version of DisCo.

Although the amount of time was shorter, the third round occurred in the same way as the
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previous two. Again, some finished faster and some took a little longer because of typing.
Once the third round designs were frozen, the designers were asked to go back to their
original idea and use sticky notes to give design ideas for the DisCo tool. The ideas were
collected and I arranged them into categories on the whiteboard. Some of the “ideas”
were actually likes and dislikes about the tool.
Design Session Outcomes
Much like the previous session’s discussion, all of the design partners (adults and
children) met to discuss the design ideas. The collected ideas were grouped into the
following categories: layers, undo, textbox problems, interface, drawing tools, and colors.
The ideas that had to do with layers and undo were actually positive comments that
reinforced what worked well. One designer liked the color-coding of the layers. Three of
the five comments said that they liked the eye feature. Likewise, one designer liked the
new undo feature enough to comment on it. This demonstrates that the changes regarding
layers and undo helped support geographically distributed users, elaboration, and creative
expression in a design environment.
Interestingly, the remaining design ideas had largely to do with those things that limited
creative expression. Design ideas regarding the textbox were due to a bug in the software
that prevented an empty text box from being cleared in the undo. Also, one designer
wanted the text box to accurately appear where he clicked. That is how the system works
but it seems as if he wanted the text characters to appear where clicked instead of the text
box appearing where he clicked.
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For the design ideas regarding the interface that would improve creative expression, one
participant said that some things they drew didn't appear after saving. Someone else
wanted a smaller comment area so the drawing area was bigger. Ideas about interface that
could improve elaboration include reworking the colored layers as some participants did
not like them, most of the designers did not notice them, and one adult thought they were
much too subtle. One user suggested to change the name of the area labeled “Notes” to
match “Comments”. One design partner wanted an exit button in case you didn't want to
edit but you wanted to leave the screen. I think this suggestion would be valuable because
it could help users in a distributed environment by not requiring them to keep working
when they need to stop and help creative expression by not requiring the user to rush
through a design.
More ideas to improve creative expression were raised during discussion regarding
drawing tools. The ideas were interesting because they wanted more ways to add
graphics. Like the first session, the designers wanted to load images from the Internet and
use a shapes palette “especially straight lines”. New tools to foster creative expression
were discussed such as adding more line sizes, an eraser and more colors. The design
partners also had the idea to make the mouse cursor indicative of the tool and color
selected which would support both creative expression and aid in elaboration.

Guidelines
Based on the literature, my work with the Layered Elaboration technique and the design
sessions regarding the DisCo design tool, I have come up with the following guidelines
for a design system that supports geographically distributed designers, elaboration
20

between users, and creative expression.
Distributed cooperative design systems need to identify and regulate who has possession
of a design. My initial work with Layered Elaboration focused heavily on the design
tools, therefore, I developed the prototype with the same focus: drawing tools and layers.
In the paper-based model, there is only one object with a design on it. Another user
cannot “access” it until it is handed over. In the digital space, multiple users can access
the same design at the same time and a way to simulate the possession that occurs with
real objects needs to be developed. In both sessions, it was difficult to stop the children
from going on to the next topic once they finished the first or second round. This is
important because it will make geographically distributed design more stable by ensuring
users elaborate upon all of the previous ideas after they have been handed over.
The limitations of the design tool and needs of the audience must be balanced as to not
get in the way of design. The children who worked with the prototype are ages 7-12 and
had difficulty typing. Previously, the research team had found [8] that children will
combine drawings with short amounts of text when taking notes. It would follow that
design partners would not want to write long amounts of text to explain their designs.
Allowing children to write short amounts of text or record their annotations would
address this and improve communication about the elaborations.
A second limitation of the tool was the inability to draw straight lines. There were two
children who spent a great deal of time drawing and clearing their designs because a line
wasn’t straight or something didn’t look as nice as they had wanted. Because of this, the
inability to draw straight lines was a hindrance to the design process that could prevent
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users from participating if they feel as though their designs do not look good.
Interestingly, I did not observe this behavior when using the paper-based technique. This
guideline is important because it helps the system to continue to support creative
expression by reducing user frustrations.
Participant designers who know each other seem to make a good-faith effort to add to a
design. Based on what Chipman et al described as “scribble wars” [5] with clearly
defined areas of conflict, I had expected some designs to have used the white paintbrush
to clear another user’s idea. Instead, I observed the children making an effort to elaborate
on the previous design. However, one boy did not want to elaborate on a design because
he thought it was “done”. The good-faith effort by the participants may be due to their
experience with Kidsteam as all have been with the team for two years or more. A goodfaith effort supports elaboration between designers, which is critical to the distributed codesign process.
Based on these guidelines, a prototype needs to have the following features:
Software Lock
Prototypes need user management functionality to create a software lock and visual aid to
alert a potential designer that the design cannot be accessed until another designer is done
with it. This is important in an asynchronous, distributed design environment where users
are not in earshot of each other and cannot be told to hold off on choosing a design to
elaborate upon until another user is done.
Alternative Means for Input
Because the description of a designer’s elaboration is important to the next designer’s
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work in an asynchronous, distributed design environment, the communication needs to be
embedded in the workspace in some form. Children in this age range may have enough
experience with typing on a keyboard to want to attempt it, however, their speed could be
relatively slow and cause frustration when a time limit is applied. In addition to adding
text, audio-recording capabilities could help reduce this frustration and help creatively
express the designer’s ideas.
Shape Drawing Tools
In order to support creative expression, a shape palette with lines, circles, and polygons
should be included in a tool. Children had difficulty in drawing only with a mouse and
that caused significant frustration.
Support for Social Interactions
Because the children and adults had been part of Kidsteam for two years or more, they
may have been more likely to make a good-faith effort to add to a design. In most cases,
this will not be the condition in which the tool would actually be used. There should be a
way for co-designers to interact outside of the design environment to build trust and
respect of each other so that elaboration can take place. Adding a lobby, or allowing users
to post and customize a profile could help with this and may prevent Chipman et al’s
“scribble wars” [5].
Finally, these are two suggestions I make for testing the distributed co-design tool:
Distributed Test Environment
Putting the children in different rooms for the first version of the prototype was a good
choice because it simulated the distributed aspect of the design and it physically
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separated them from each other. I think the physical separation let them focus on the tool
and design without peer influencers. In contrast, they were in the same room for the
second session and a few children got up and bounced around to other workstations.
Instead of organic discoveries at each child’s pace, one child would figure something out
and let everyone know about it. It made evaluating the user-interface more difficult
because I’m not sure if certain conventions, such as the eyeball, were recognized groupwide without being informed about them.
Predefined Design Problem for Sessions
In the second session, I let the children choose their first topic and then cycle through the
other children’s topics. This was not a good tactic because I think it assigned ownership
of a topic to a specific child and may have reduced interest in other children to elaborate
on that idea. A better solution would be to have a broad topic with smaller design tasks
that support that broad topic.

Conclusions and Future Work
This research illustrated how Layered Elaboration needs to be modified to facilitate
geographically distributed co-design, and the features a computer-based design tool
requires to facilitate Layered Elaboration.
To facilitate geographically distributed co-design with Layered Elaboration [Q1], the
following modifications need to be made: a mechanism to collect descriptions of designs,
and, a way to transport the designs between co-designers. The current version of paperbased Layered Elaboration requires participants to be in the same room for the “stand-up
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meeting” so they understand the design and can elaborate. Adding a mechanism or area
to collect ideas and thoughts that can be shared with the future designs would eliminate
this need. Similarly, the current version requires participants to be co-located to share the
designs with one another. Using traditional mail or an overnight delivery service would
replace that requirement, although the time and money required would increase.
Based on the design sessions with the prototype, a computer-based design tool requires
the following features [Q2]: a drawing area, an area to collect and display the design
descriptions, and file-locking functionality. The drawing area requires a selection of predefined shapes, line tools, color palette, text tools, paint brushes and the ability to import
images from the World Wide Web. The area to collect descriptive information should
give the designers the choice between recording their voice and allowing them to type.
Likewise, the area to display the information about layers needs to playback audio,
present text, and allow layers to be turned on and off to make it easier to see what others
have drawn. The file-locking mechanism prevents users from loading and elaborating on
a design when another person has not saved their changes.
Now that the prototype is developed, there are a few changes that need to be made to
better help achieve its goal of facilitating Layered Elaboration to distributed audiences
[Q3]. The first is the addition of shape and line tools in the drawing area. The second is to
explore the use of an eraser. Currently, the prototype uses vector-drawing tools to create
the effect of a paint bush, and as such, erasing specific pixels on a screen is extremely
difficult if not impossible with the processing power available inside a Web browser.
Another feature to add is voice recording, which will require a special media server to
handle the audio. I would also like to make the prototype not be dependent on a particular
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screen size so we can accommodate the large screens commercially available for
desktops and laptop screens. Finally, I want to elaborate on the file-lock capabilities and
explore the interfaces for logging in and choosing a design to elaborate upon.
Moving forward, I think some interesting questions came out of the design sessions. For
example, a strong concern for one of the groups was whether or not designing with the
computer was not as fun as using craft materials to build low-tech prototypes. I’d like to
explore how we can make an experience where designers can creative express themselves
and elaborate on designs in a geographically distributed environment in a manner similar
to “bags of stuff”. A completely new prototype of a “virtual bags of stuff” would be
necessary. A few of the children expressed interest in a tool with a three-dimensional
interface for virtual “low-tech” prototyping. Perhaps the tool would use “stuff”, such as
art supplies, to build on screen.
I also want to know what the reaction would be by children who have never co-designed
with crafts before after elaborating in a distributed environment. There may be an
opportunity to use this prototype with a social network designed for learning, or with a
local school district in the design of science software.
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