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ABSTRACT

We present findings from a field trial of CAM (Cooperative
Artefact Memory) — a mobile-tagging based messaging
system — in a design studio environment. CAM allows
individuals to collaboratively store relevant information
onto their physical design artefacts, such as sketches,
collages, story-boards, and physical mock-ups in the form
of messages, annotations and external web links. We
studied the use of CAM in three student design projects.
We observed that CAM facilitated new ways of
collaborating in joint design projects. The serendipitous and
asynchronous nature of CAM facilitated expressions of
design aesthetics, allowed designers to have playful
interactions, supported exploration of new design ideas, and
supported designers’ reflective practices. In general, our
results show how CAM transformed mundane design
artefacts into “living” artefacts that made the creative and
playful side of cooperative design visible.
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ACM Classification Keywords
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INTRODUCTION

The design studio culture has been central to the education
and practice of design disciplines such as architecture and
industrial design for several decades. Typically, design
studios have a high visual and material character, where
studio walls and other less permanent vertical surfaces are
full of design artefacts such as sketches, posters, collages,
storyboards and magazine clips for sharing ideas and
inspirations. This ecological richness of design studios
stimulates creativity in a manner that is useful and relevant
to the ongoing design tasks [3]. This kind of organization of
design studios is not coincidental. In fact, it is deeply rooted
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into design practices. Lawson [12] suggests that designers
use ‘synthesis’ when it comes to problem-solving, whereas
traditional scientists use ‘analysis’. Designers’ way of
thinking focuses on quickly developing a set of satisfactory
solutions, rather than, producing prolonged analysis of a
problem [4]. As a result, designers frequently use and
produce a relatively high number of representations such as,
design sketches, drawings, story-boards, and collages. The
studio organization is also important for supporting and
inviting design critiques [24] as is the strongly embedded
designerly practice of showing work and eliciting feedback
early and often [4]. Such practices also encourage discourse
and reflection during the design process [21].

Bringing a ubicomp technology into design studio
environments would require a much deeper understanding
of design practices that are undertaken in these settings.
Using ethnographic methods, we studied academic and
professional design studios over the period of eight months
and developed a set of design implication (discussed briefly
in the next section). Using these design implications, we
developed a low-tech, mobile-tagging based messaging
system called CAM (Cooperative Artefact Memory). CAM
allows designers to collaboratively store relevant
information onto their physical design artefacts, such as
sketches, collages, story-boards, and physical mock-ups in
the form of messages, annotations and external web links.
In a sense, CAM allows design artefacts to have an
individual digital profile on the Internet where relevant
information can be added, updated or changed
collaboratively by designers. Our current prototype of CAM
integrates WiFi enabled camera phones with Microsoft
TagReader clients; a set of 2D barcodes generated using
Microsoft Tag’s online services; and a JAVA web server
application that uses Twitter API.

In this paper, we describe the results of a field trial of CAM
in an educational Product Design studio in three different
design projects. We invited three design teams to use CAM
for their one week long design projects. Our intention was
to use CAM as a probe to gain insight into the kinds of
communication practices supported by CAM. We observed
that CAM facilitated new ways of collaborating in design
projects. The serendipitous and asynchronous nature of
CAM facilitated expressions of design aesthetics, allowed
designers to have playful interactions, supported
exploration of new design ideas, and supported designers’
reflective practices.
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Our results show that the life of a design artefact includes
narrative, aesthetic, playful, coordinative, explorative and
reflective characteristics. The result in general suggests a
new perspective on looking at design artefacts as no longer
being static objects but active participants in the design
process. We can enrich design environments with this kind
of analogy where design artefacts can expand their basic
nature from being static to more dynamic and experiential.
Our results do not suggest better results in design, but a
different perspective on design. In the following we briefly
describe the four implications used in the design of CAM.

Design Implications used for CAM

We carried out longitudinal ethnographic fieldwork [25, 26]
in academic and professional design studios over a period
of eight months. We aimed at understanding everyday
collaborative practices of designers and design students in
their natural settings. We used methods such as contextual
interviews, naturalistic observations and video recorded live
design sessions. From the results of our fieldwork, we
developed the following implications to inform the design
of CAM:

o Artefact-mediated Interaction. Designers develop a
multitude of design artefacts in the form of paper
sketches, drawings, physical models and so on over the
course of their design projects [19]. The materiality,
stigmergy, public availability and knowledge landmarks
left on design artefacts help to establish and support
communication between designers. We believe that a
system should be able to incorporate these artefacts (at
least partially) into its design space so that its natural and
experiential qualities can still be exploited by designers.

e Utilize Spatial Resources. The way designers keep these
artefacts and organize them in their workspace affects
their work organization, communication and coordination
practices. It is this spatial flexibility of, for example,
sticking sketches and drawings on a shared office wall,
that allows designers to discuss, criticize and explore new
possibilities of their design work. In order to provide
technological support for spatial flexibility, we need to
think beyond desktop computers and involve the spatial
and dynamic aspects of design studios, as shown in [19].

e Creative Explorations. We observed that designers spend
a considerable amount of time in exploring new ideas and
concepts by utilizing different techniques and design
representations (also shown in [11]). Our fieldwork
suggests that for creative explorations there is a need for
a technological infrastructure that allows designers to
collaboratively generate innovative ideas.

® Social Flexibility. We observed that the use of design
artefacts and physical space allowed a level of flexibility
in designers’ everyday social interactions. This helped
designers to discuss and talk about things anywhere and
anytime. We believe that a Ubicomp system should not
impose social order onto the designer, on the contrary it
should allow designers to bring about and establish new
practices for design.
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RELATED WORK

In the literature, there are several examples of applications
that link physical objects to digital contents. In these
applications, RFID, barcodes, or other sensing technologies
are used to augment physical objects so that digital
information can be linked to these physical objects. One of
the earliest technologies was the eTag system by Want et al.
[28] that used electronic tags on items such as books and
posters linked to online information and actions. These
authors demonstrated the utility of linking the electronic
services and actions that are naturally associated with their
form. In the WebStickers system [13], barcode stickers
were attached to physical objects — making them act as
bookmarks to the WWW. WebStickers enabled users to
take advantage of their physical environment (e.g. by
sticking these stickers at different places such as office
doors) when organizing and sharing bookmarks. AURA [2]
was a PDA and barcode based system for linking digital
content to physical objects. It integrated a wireless Pocket
PC with a barcode reader so that users can scan books,
CDs, DVDs, packaged grocery products and other barcoded
objects and then view, store and share related metadata and
annotations. The term ‘physical mobile interaction’
describes interaction styles in which a user interacts with a
mobile device and the mobile device communicates with
objects in the real world [16]. These objects generally have
some sort of tags (e.g. NFC, RFID, visual barcodes) that
have communication abilities [8, 16, 18]. They enable the
ubiquitous use of mobile services that are connected with
smart objects. The usage of physical mobile interactions
simplifies the discovery and use of mobile services, enables
new kinds of object, person or location-based applications
and overcomes several limitations of mobile devices.
O’Hara et al. [14] studied the use of a location-based
mobile-tagging application in the London zoo and found
that their subjects used the system for supporting non-
instrumental aspects such as identity creation and play.

In the design studio context, Grgnbak et al. [7] developed a
set of Physical Hypermedia applications that extended the
well-known web navigation paradigm. Within the domain
of Architecture, they used RFID tags and readers where
users can tag important physical material and could track
these materials by antennas within their work environment.
Blevis et al. [3] and Jacucci and Wagner [10] developed
ubicomp technologies that could support and enhance
inspirations and creativity, by utilizing spatial aspects of the
design studio environment. In all these examples, we
observed that supporting joint activities through a
technology was missing.

COOPERATIVE ARTEFACT MEMORY (CAM)

CAM is a mobile-tagging based application, with which
designers can send and store messages, annotations and
other relevant information onto their physical design
artefacts using mobile phones [27]. The messages and
annotations pertaining to a design artefact can be accessed
by all members of a design team. CAM is meant for
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(a)
Figure 1: (a) CAM running on an iPhone; (b) Reading a design
sketch using Microsoft’s TagReader client.

(b)

supporting communication and collaboration amongst team
members in co-located design studio settings.

The current prototype of CAM uses low-tech, off-the-shelf
tools such as Microsoft’s mobile-tagging application
TagReader, 2D high capacity color barcodes and a JAVA
web server that uses Twitter APL. In a typical scenario,
when a designer scans a 2D barcode with his mobile phone
camera, a web browser running CAM application starts.
Using the user interface of CAM (Figure 1a), the designer
can read messages pertaining to that particular design
artefact or can choose to write a new message onto the
artefact. CAM has a very simple user interface and has two
functionalities: reading messages and sending messages.
The “Check Updates” link allows viewing of all the
messages written and stored onto a design artefact. The
“Post Message” text-box allows one to write and send a
new message to a design artefact.

Using CAM, a design artefact can have an individual digital
profile on the Internet where relevant information can be
added, updated or changed by all designers. The central
idea in CAM is that it associates each 2D barcode to a
Twitter account. Hence, when one reads a 2D barcode
attached to a design sketch (Figure 1b), for example, one
can read a set of messages about the object in the Twitter
interface.

FIELD TRIALS

In a Product Design studio, we studied the use of CAM in
three different design projects. We asked three student
design teams to use CAM for their one week long design
projects. All teams had four members. Table 1 shows the
details of our design participants and their design projects.
We gave them each a WiFi enabled camera phone. We

Design Educational Design Subject Number of
Team # Year Participants
1 1™ Year Remote Control 4
2 3" Year Alarm Clock 4
3 5" Year Intelligent Lamp 4

Table 1: Details of participants
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created several temporary Twitter IDs and the same number
of 2D barcodes generated using Microsoft Tag. The
participants were first given a demonstration about how
CAM works and how they could send and receive
messages. During the period of their projects, they were
asked to use CAM as a tool to support their design projects.
At the end of their projects, students were given twenty
Euros each as a token of appreciation.

As we mentioned earlier, our intention was to use CAM as
a “probe” to learn how it influences, and possibly supports,
the design process in design studio environments and not to
test CAM as a fully functional technology. We left it
completely to the design teams to use CAM in their
preferred ways. They were encouraged to use CAM as
much as possible. We also encouraged them to use the
Internet from the mobile phones. Throughout the course of
the three design projects, we videotaped their design
sessions and interviewed team members at the end of the
sessions. We collected the logs of the 2D barcodes and used
Tweet logs in our analysis.

OBSERVATIONS

The three design teams were able to easily integrate CAM
into their everyday design practices. Participants attached
2D barcodes to their design sketches, physical mock-ups,
collages and Post-it notes and using CAM they added
annotations, messages and other relevant information to
these artefacts. Since all the team members had access to
the Internet via the mobile phones, they also added web
contents in their messages. Figure 2 shows one of the
design teams that utilized a whiteboard to display their
design sketches and discuss ideas during their face-to-face
meetings — a theme seen in all three design projects.

|

Figure 2: In the Product Design studio, a whiteboard full of
design artefacts with 2D barcodes.

In the following, we provide the results of our qualitative
data analysis, describing 1) how CAM was used by our
participants and 2) how CAM supported their design
activities.

RESULTS I: HOW CAM WAS USED...

We first start by providing an example of a tagged design
artefact and show how it was used by our participants.
Figure 3a shows a design sketch that describes the concept
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of an intelligent lamp. The sketch shows the form and shape
of the lamp and an annotated description of the lamp. The
creator has attached a barcode to it and added a further
description onto the digital profile of this artefact. Over the
course of the design project, other members have read these
messages and added their own comments and suggestions
about this particular design sketch. When one reads the 2D
barcode on a mobile phone, one is be able to see a complete
log of comments as shown in Figure 3b. This log shows the
dialog and negotiations that took place between co-
participants. In Figure 3b, one could read the description
about the size of the lamp and its functionality. Importantly,
the log also shows questions and issues raised by co-
workers such as: “where the lamp should be placed”, “what
material should be used” and “what should its size be”.

il Carrier =

cam_app1 die intelligenz liegtim
stromsparen, durch das reduzieren

von stromverschwendung- groBe ist
300 mm, durchmesser ist 50 -60 mm

A Previous Tweets
| und was kann sie? also was macht ihre
intelligenz aus?
. glaszylinder aus opalglas- lichtquelle befidet]

sich im sockel aus edelstahl-
bewegungsmelder wird im deckel integrert

wie grof ist die? stellst du die auf den tisch?

300 mm hé-he und ca 60 mm durch-messer,
als tischlampe oder deckenmontage

Wie grof soll die Lampe sein und wo soll si
angebracht sein

(a) (b)

Figure 3: Tagged sketch of an Intelligent Lamp concept (a),
and Tweets sent by the co-participants to provide a design
description, written in German (b).

In the three design projects, we observed that not all the
design artefacts were tagged with a 2D barcode.
Participants tagged their artefacts only when they wanted to
show or to communicate their ideas to the others.
Remarkably, once the participants tagged an artefact they
never made any changes in the original artefact. Hence,
tagging gave a design artefact its own identity.

Digital Extension of Physical Objects

As shown in the above example, one of the advantages of
CAM for our participants was to be able to extend a static
physical design artefact to a digital space where dialogues
between participants can take place. Clearly, a paper-based
design sketch has a limited physical space, so in order to
provide comments or to make changes in the artefact; a
designer would have to create an additional design artefact.
What CAM does is that it adds a digital layer of
communication on the physical design artefact, where
information pertaining to the artefact can be collaboratively
stored and negotiated. Several participants commented that
they saw Tweet messages as an extension of their physical
design objects. One of the participants commented: “For
me, it is an extension to the usual way we work. It is just

544

Proceedings: NordiCHI 2010, October 16-20, 2010

like sending an SMS to somebody, but the messages are
stored on the object.”

This digital extension also seemed to provide organization
cues to our participants’ everyday work. CAM was
described as a tool for setting reminders, triggers, notices,
exhibits and resource sharing. Additionally, the use of
CAM was also seen as storing “minutes” of a particular
design session, as relevant information can be read easily.
A team member suggested: “These 2D barcodes provide
immediate access to the information to what you want
without a need to switch on the computer.”

Design narratives

We observed that the narration and description of design
activities during the course of design projects can be traced
through the Tweets that were sent using CAM. Although
the technological limitations (140 character limit on
message length) would influence the narrative structures,
these narratives did provide a clear indication of how
design was carried out. One of the important aspects of
these design narratives was their ‘cooperative’ nature. The
design narratives in the form of Tweet logs represented
different views expressed by participants in a particular
design project. This form of interaction provided an
opportunity for collaborative concept creation. The design
narrations depicted in the form of Tweets provided
information about the design process that was used by the
design teams. When asked about what they thought of
these design narrations, a designer had the following
comment: “In my opinion, this is like making a design story.
Maybe not a complete story. But it has a great deal of
information about the conversation that we had while we
were working” .

Design archive

CAM was also seen as a tool to archive design related
information, as a design artefact, with a barcode, could
store information about different design activities that took
place earlier. Several of our design participants thought that
after the current project, they could use their old sketches as
design archives. One participant said: “If I have to design a
new alarm clock again, I can go back and retrieve all the
information that is stored in this sketch and see how I can
continue with that.” This showed the value of CAM for
design students.

Types of tagged artefacts

In each of the 3 groups, we identified four distinct types of
design artefacts that were tagged to support different design
activities, differing in the amount of physicality: 1) 3D
Physical objects, 2) 2D Sketches, 3) Textual descriptions,
and 4) “Abstract” references. See Figure 4.

1. The physical objects are three-dimensional objects or
models made from wood, foam or cardboard that
product designers create once their design ideas become
concrete. Figure 4a shows a foam model of an
intelligent lamp (team 3), tagged with a barcode.
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Figure 4: Different types of design artefacts tagged during
design sessions. (a) a physical model of a lamp, (b) a sketch of a
remote control, (c) a written note, and (c) a reference object for

planning.
2. The paper-based sketches are representations of design,
mainly used for exploring and communicating design
ideas amongst co-designers. Figure 4b shows a tagged
design sketch of a remote control.
The textual descriptions varied from specifications of an
early design solution to a collection of brainstorming
ideas, see Figure 4c.
The abstract references do not contain much
information as such, but they point to ideas and
discussions on the digital profile. Figure 4d shows an
artefact that was created by designers to refer to all
planning and coordinating activities. Its actual meaning
during the process (i.e., the history of messages sent to
it) could only be accessed using mobile phones.

Comparing the four types of artefacts in this order reveals a
transition from physical, information rich artefacts to
artefacts that do not contain information themselves but
refer to a set of content available only through CAM. These
design artefacts are by their very nature boundary objects
[23] in themselves. If we take the example of the physical
model of the lamp (Figure 4a), one can get information
about its form, texture, and size, and one can physically
experience and interact with the lamp. Hence, at one level,
the physical object itself can provide important information
to co-participants. On the second level, when one reads the
tag, one can collect information about the product as
described by participants and the dialog and information
exchange that subsequently took place between them. If we
move to sketches (Figure 4b), notes (Figure 4c), and
abstract references (Figure 4d), increasingly information
needs to be inferred, which, however, is supported by the
messages stored to the artefacts. In the case of abstract
references, the actual information is in the digital form and
can only be accessed though CAM.

Statistics of use

Inspection of Tweet messages and Microsoft Tag’s usage
log reveal that between the three design teams a total of 53
design artefacts were tagged with barcodes, 197 Tweet
messages were sent to these artefacts and these were read
488 times in total. The team-wise distribution is presented
in Figure 5. The high number of “Objects Read” in all three
design teams was because reading a design artefact was
always the first step to understand the ongoing and new
activities. Hence, participants frequently read updates from
design artefacts. Additionally, participants preferred
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Figure 5: Team-wise usage of CAM.

reading old messages before commenting or making
suggestion about an artefact (i.e. “Messages Sent”). In our
field trial, we invited participants from different educational
levels; which might be the reason why Group 1 (first year
students) tagged only 11 design artefacts whereas Group 2
and 3 (senior students) tagged 19 and 23 artefacts,
respectively.

RESULTS IIl: HOW CAM SUPPORTED DESIGN...

Communication and Coordination

Communication is central to any design process. While
observing the use of CAM, we discovered several
interesting coordination and communication patterns.
Supporting interaction though artefacts was a central logic
behind CAM (design implication 1). CAM sustained the
sanctity of physical design artefacts, and hence supported a
kind of interaction that was mediated through these
artefacts. Several ethnographic studies have shown that
material artefacts play an important role in supporting
communication between co-workers [1, 9, 15, 17, 19 & 22].
However, with the use of CAM, design artefacts such as a
sketch developed an added channel for communication
between participants. Participants could access messages
attached to different design artefacts, make comments about
each other’s work and could negotiate specific design ideas
using CAM. One of the participants commented: “CAM
makes the sketch interactive not only because of the details
of the sketch but the communicational support it provides
us, because all the team members can read what others
have written about a particular design object.”

Secondly, the use of CAM allowed participants to get a
quick overview of the ongoing design activities. This
helped them to coordinate their ongoing design activities.
As we showed in Figure 1, all three design teams used large
vertical surfaces such as a whiteboard to display their
design artefacts so that all team members could see and
comment about each other’s work. The spatial flexibility
(design implication 2) and ease of access supported by
CAM allowed participants to quickly scan individual design
artefacts and understand the narratives of ongoing design
activities. Here is a comment that we received during the
group interview sessions: “If you stand in front of these
things and scan everything, it helps to think about and
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understand what’s going on in the project.” The issue of
public availability [17] played an important role in
supporting coordination.

Figure 6 shows a “Planning” object that design team 1
developed in order to make a specialized access point for
organizing and planning their ongoing project. Table 2
shows the Tweets that were sent to this object over the
course of the project (latest message at the top). We have
translated the Tweet log into English for better
understanding. The purpose of this design artefact was to
divide work responsibility, create a work schedule and for
sharing important decisions between themselves. We
observed during the course of their project that the design
team iteratively added contents to this object. This kind of
practice led to participants frequently checking the
“Planning” object in order to 1) review their previous
activities, 2) coordinate their ongoing activities and 3)
create milestones for future activities. This showed how
participants appropriated CAM to support their local needs.

Fe da T\Y\Mj

-— o

— —

— —
— —

Figure 6: A “Planning” object

Tweet log of ‘“Planning” object

>> Thursday: Grigorios - presentation Sketch
>> Thursday: Eric - technical drawing
>> Thursday: Tarek & Julia - finishing the
design model
Make technical drawing
Wednesday: planning, task
distribution. Grigorios
Wednesday: Braille design with Eric
Proposals on the buttons:

Payment

Volume

Channels

Program Selection
Joey's?
What else should we add for supporting
touch-based facilities?
I would very much like to order pizza for
tomorrow. Better designs with full stomach
Touch screen OUT. Agreed on the use of
Braille writing system. Any proposals on
the form?
How many keys does a blind remote control
require?
I propose that we combine both the concepts,
your form and our concept of designing for
“blind people”
Table 2: Tweet log for Planning of a project for the design

project 1. (translated from German)

>>
>>

>>
>>

>>
>>

>>

>>

>>

>>
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In this example, one can read how different activities were
assigned to participants and important decisions were made
public to support coordination.

One participant suggested that CAM could also be suitable
for large groups of people collaborating over a long period.
In large corporations, where teams from different
disciplines work together on a project, CAM can provide
additional and relevant information of a multidisciplinary
nature. He commented: “In a scenario, where we have to
hand over our work to product developers and engineers,
these 2D barcodes can help these professionals who have
not been closely informed about the kind of design process
that we have applied to these design objects. So, I think
CAM could also be helpful for inter-team collaborations.”

Expression and Aesthetics

By making connections between a physical design artefact
and relevant messages — as its digital extension, CAM
provided an interesting opportunity for the participants to
express aesthetic qualities, something that they would not
express during their everyday cooperative design sessions.
Figure 7 shows a sketch and concept developed by one of
the groups. In this case, a designer wrote a poetic message
to express the aesthetic quality and functionality of the
lamp. See Table 3, where we describe the original poetic
messages in German and then the English translation.

cam_appl7

Figure 7: The final sketch of a conceptual Intelligent Lamp.

German strahlemann, der strahlt uns an.
ob tag und ob nacht, wdre hatts gedacht
English the Shiny-man, who shines on us.
whether day or night, no matter what.
German die sonne am morgen,
die sterne am abend,
die langsam begleitend in den schlaf uns
tragen
English the sun in the morning,
the stars at night,
slowly accompany us into sleeping tight.

Table 3: A set of poetic messages adding aesthetic qualities to
the Intelligent Lamp concept shown in Figure 7. (with added
English translation)
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This example shows how the need to express aesthetic and
poetic design ideas was supported by CAM. During the
final group interview session with the design team, we
asked about these poetic exchanges. The following was
their response:

DI1: “The poem shows the poetry of the product. It is
something about having a good night sleep and a nice way
for waking up.”

D2: “I think it makes the concept of our lamp more
romantic and magical, if you like.”

D3: “Somebody wrote a poem about the lamp. It’s just
funny. It describes the lamp in an artistic way. And the cool
thing is that you are totally anonymous. This is something
that makes this sketch beautiful.”

D4: “I didn’t know who wrote it. And when I first
discovered it, I thought look somebody wrote a poem. It was
really amusing. It could be something to tell the customers
who might buy this lamp. This could be something that
separates this product from others.”

The way designers used CAM and wrote messages onto
their design artefacts had expressive and aesthetic qualities.
Some of the Tweets that were written on the design
artefacts showed enthusiasm and affection. A participant
commented: “Sometimes you do see an enthusiasm of the
designers in their messages. In some cases, I have seen
detailed descriptions of a design sketch in the messages and
sometimes its not detailed enough.” The following is a
comment of one of the participants who intentionally wrote
messages to get co-workers attention. “/ would like to know
if others like my sketches and design ideas. What do they
think about my work? When they don’t have a chance to
speak to me, they can write something on these sketches
using CAM.”

We observed that on certain occasions team members
preferred being anonymous and on other occasions wanted
to be identified. This characteristic of CAM allowed
participants to express their views in different ways. In
particular, the anonymity supported by CAM was seen as a
useful phenomenon, as one of the participants said: “I think
that sometimes this anonymity turns out to be better. I think
it is less emotional and less personal when somebody tells
you something through these design objects. You don’t take
this so personally. So, when I was asked if my design idea
for an alarm clock was for children, I found it funny. So,
this feels less confronted or attacked”. This example shows
how CAM supported flexibility in expressing ideas to other
participants, without being too personal.

Playfulness

The expressive nature of CAM seemed to provoke a degree
of playfulness and creativity. By playfulness, we do not
suggest unproductive or non-work activities, but carrying
out the design process using creative and non-conventional
approaches. We observed playful ways of using CAM
while working on the design projects. One of the important
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aspects of the playfulness of using CAM was its inherently
‘open’ setting. The participants enjoyed the freedom of
tagging any kind of physical design artefact and writing
messages onto it. At the same time, CAM introduced
limitation on dealing with mainly textual messages of 140
characters, since it utilized Twitter. As a result, the
messages were written in a way that could communicate
ideas in quick-and-dirty ways. This kind of interaction often
led to surprising and intriguing reactions amongst the team
members. Since all the design students were given
individual mobile phones, we observed that on many
occasions messages represented different perspectives on
design. The ‘open’ setting on CAM facilitated participants
to balance the information storage on the physical design
artefact and its digital extension. This allowed participants a
choice to represent their design ideas in two different ways.

The asynchronous and serendipitous nature of CAM also
added to the playful effect. CAM had a level of asynchrony,
in a sense that messages and updates were only accessible
when a participant went to a design artefact and read its
barcode. This actually added an element of surprise and
curiosity during the interaction with CAM. In some cases,
participants intentionally kept information in the digital
from by writing messages. One of our participants
expressed this playfulness in this following comment: “To
me it’s a fascinating experience to read the details about
the lamp that we designed in a mobile phone. It is like
seeing the same thing in a different way.”

VorE THIS oNE, | |
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Figure 8: An empty paper with barcode used as a “Voting”
mechanism for different versions of design ideas.

Figure 8 is another example of a playful act of carrying out
an important design activity. In this instance, participants in
group 2 individually developed conceptual sketches for an
interactive alarm clock. After their discussion and
constructive criticism of each other’s work, they decided to
tag an empty sheet of paper and asked each other to vote for
their choice of design idea. See Figure 8 where CAM was
used as a “voting” device to select the best design idea.
Central to this activity was the importance of anonymity
and asynchrony supported by CAM. Here, we see an
intertwined relationship between design team members’
pragmatic activity of completing a design task and utilizing
CAM as a tool to support expressive and playful
interactions.
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Creative Exploration

CAM supported and to an extent encouraged design
explorations. Previous research has indicated that designers
do not work in a pre-determined, mechanical fashion [4,
11]. In fact they apply different approaches in different
situations, involving different media (ranging from paper,
foam, and wood to digital tools) to understand and explore
their design problems. Being able to explore and try out
new design ideas is central to their design work. We
observed that the social and collaborative nature of CAM
triggered all members of a design team to actively
participate in the exploration process (design implication 3).

In one instance, a team member developed several concept
sketches for the Intelligent Lamp project (Figure 9).
Sketching is clearly one of the quicker ways to express and
communicate design ideas to co-workers. However, in this
particular case, the team member’s intention was to gather
co-workers’ comments about different exploration ideas
that she developed. Figure 9a was meant to explore
different shapes of lamp; 9b and 9c show the ways to apply
intelligence into the lamp; and 9d explores different
projection styles for the lamp. The intention here was to
have a discussion via sending views and ideas onto the
design artefacts and discuss these during the face-to-face
meetings. Here is a comment from that design member:
“CAM does help in creative thinking. Sometimes when I am
drawing, I wouldn’t know all the technical details. So after
reading these comments about my sketches, I did find some
tips about changing my original ideas.”

(a)

Figure 9: Design sketches to explore ideas for an Intelligent
Lamp.

By receiving comments from each other, members of
design teams collaboratively learned and improvised their
ongoing design projects. A participant commented: “The
useful thing about CAM is the new ideas that we get from
others. I found this very stimulating for my creativity. For
example, Max had this function of pushing in the alarm
clock and I had a separate switch. From Max’s design and
my design we merged the interesting ideas and came up
with a combination in the final design idea.”
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Here is another example (Figure 10), where a team member
developed a design sketch, where a lamp can detect
activities of people and adapt its light projection in a room.
When somebody is reading in the room then it changes its
focus to the reader’s book.

Figure 10: A design sketch representing an Intelligent Lamp.

Here is the Tweet log of the design sketch (Table 4) which
shows how the concept was discussed and negotiated by the
co-participants. These Tweets suggest how collaborative
exploration took place, ideas were exchanged and in
particular how participants built on each others suggestion
to make the explorative process work.

Tweet log of the sketch in Figure 10

>> are both concepts for the same lights? GP

>> Light Modes: Reading-mode, Sleeping-mode,
Waking up-mode. Dimensions: no larger than
40cm in diameter!

>> good question, as we see in the

Submarines: Blue for normal and Red for
danger

>> what are the exact dimensions in the various
positions?

>>
>>
>>

which light color for what mood?
lights recognizes the mood in room.
So, more work to follow on Monday...
be more comfortable... please ...
looks like a reading lamp
extensible, recognizes in the mood in the

room and projects light accordingly (color,
intensity) .

Table 4: Tweet log for sketch shown in Figurel0. (translated
from German)

would

>>
>>

Reflection & Critique

Reflection is described as a tacit phenomenon that
professionals exhibit in the form of knowing-in-practice
[21]. Reflection as a mechanism for learning from
experience is an important aspect of professional design
practice. In the field trial, we observed that the use of CAM
facilitated participants to critically look at their own work
and the work of others. As CAM encouraged participants to
write down their activities in the form of messages, this
provided a reflective platform to evaluate ongoing
activities. The Tweet log provided information about past
activities of all the co-workers, which inherently helped
participants to constantly review, plan and refine future
activities in a global sense. This also helped participants to
organize their ongoing design projects and to be
accountable. One of the team members said: “I think it
might be a good thing if we can write down what we are
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thinking about during the process of making sketches. This
would be a good practice as well.” Additionally, the
movement from the physical design artefacts to their digital
profile and back again successfully scaffolded creative and
reflective thinking. This facilitated our participants to look
at their designs from two different points of view: what it is
and what is said about it.

Criticism is a highly important aspect of studio based
design [4, 24]. CAM not only provides a dialogue for
constructive design criticism but its spatial flexibility
supported and encouraged designerly criticism. Since it was
quite easy for our participants to display their design
artefacts such as sketches on whiteboards, this deliberate
act invited and made it easy for other participants to provide
design criticism.

Critical and reflective dialogues were also triggered by the
Tweets sent by the co-workers about some previous design
activities, which contained comments and suggestions that
led participants to critically look at their design artefacts.
Sometimes, these reflections seemed to prompt decision-
making and sometimes leading to face-to-face discussions
between team members. The asynchrony and serendipity of
messages and comments helped design teams to reflect on
their own work as well as to learn from, and constructively
criticize, each other’s work. One of our participants
commented: “The system does help you to reflect on what
you designed and what you wrote about it. At the same time
what others have said about your work.”

DISCUSSION - “LIVING” ARTEFACTS

CAM incorporates all the four design implications
generated from our ethnographic fieldwork. First, it sustains
the sanctity of material design artefacts and at the same
time provides a channel to support communication between
participants. Second, it offers a kind of setting that is not
dependant on the physical space and instead allows
participants to utilize space to support their work. Third, it
offers a level of flexibility by which designers can support
exploration and playful interactions to bring quality to their
work. And fourth, it does not impose any social order to the
design participants and fits into the everyday practices of
designers.

Our main intention for carrying out the field trial of CAM
was to apply it as a probe and to be able to understand the
possibilities and consequences of tagging physical design
artefacts to allow communicating to, and through, these.
The main question here was: Can this type of technology
enrich the design process? As our results showed, tagging
design artefacts provided 1) communicative and
coordinative resources, 2) expression of the aesthetic
qualities of the design artefacts, 3) support for playful
interaction between designers, 4) exploration support, and
5) allowed designers to reflect on and critique each other’s
work.
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The use of CAM showed that tagging design artefacts can
expand their static nature to create more dynamic and active
objects. As we explored during our field trial, the design
artefacts became a “living object”. These objects received a
special status at the moment of tagging, where they were no
longer a person’s private artefact, hence, they were no
longer changed. They now had their own “identity”. From
this moment on they were communicated to, which resulted
in the tagged artefact developing its own history of
communications. The history could, and in fact was,
frequently read by the team members and was added to.
The history of these artefacts showed that they were
considered “living” identities reflecting the team’s growing
understanding, discussions, and expressions. Design
participants continuously scanned the barcodes to gather
updates from these “living” artefacts.

CAM supported design teams to establish a creative
working culture. Reading the design artefacts triggered
building on and learning from each other’s work. The
collaborative and social nature of CAM fostered creativity
amongst the group of designers. The anonymity of Tweets
played a role in establishing curiosity and playfulness.
Designers were triggered to reflect on their own as well as
each other’s work in a critical manner. One of the important
aspects of the logs generated by CAM was its
communicative and coordinative abilities. Using their
mobile phones, participants were able to read updates of
different design artefacts and were able to get a sense of
what was going on in the project. The “Planning object”,
described in Figure 6 was an example of a design team’s
organizing activities.

In the following we provide two approaches through which
the notion of “living” artefacts can be further developed.

Internet-of-Things

Although not implemented in the current version of CAM,
we propose a mechanism by which individual design
artefacts can be linked to each other with some semantic
relationships. These kind of connected objects are
sometimes referred to as the “Internet of Things”. Internet
of Things [6] can be seen as a sub-vision of Ubiquitous
Computing [29], where objects are connected to each other
and are aware of each other’s status and activities. In design
studios such a vision could mean that design artefacts that
are scattered around a design studio can be connected to
each other. The connections can be established based on
chronology or version control, across different multimodal
and spatio-temporal aspects.

Object Memory

In the current version of CAM, we have used Twitter as a
storage tool. Although Twitter has a limitation on the length
of messages one can write (140 characters), its use allowed
us to quickly find out whether CAM has a potential in the
design studio culture. There certainly is a need for more
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robust and reliable ways of storing and retrieving object
related information.

In the domain of logistics and supply chain, researchers
have been working on approaches to develop appropriate
information storage structures for smart environments [5].
This kind of data structures are often referred to as Object
Memory or Product Memory. One such approach is used in
object memory infrastructure [20]. In the current version of
CAM, information is not automatically collected and
stored. However, using the product memory approach this
can be easily achieved.

CONCLUSION

Our current study is a proof of concept. We used a simple
technology that is currently available, specifically to probe
and find out how CAM would affect design teams when
physical artefacts are an important part of the design studio
ecology. We did not intend to improve the end result of
design but to find out how this new approach could enrich
the context and support new forms of collaboration. We are
fully aware of the ad hoc nature of our technical
implementation. More sophisticated approaches need to be
developed (one such mentioned in [20]). In the future we
will investigate whether the enrichment as observed here
could also lead to “better” team collaboration and “better”
design results.
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