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Abstract. Peripheral devices like smart phones offer an opportunity to
lower the barrier to spontaneous collection and sharing of information during distributed collaboration. We have completed development of guidelines
and a framework that focuses on peripheral devices in collaboration. In
order to explore the design space generated by our principles, we conducted
a role-playing experiment about commissioning a building, in which an “onsite” team and a “design” team were expected to find and resolve
discrepancies between requirements, design documents, and the actual site.
The teams were given Styrofoam panels to act as pretend smart peripherals
to invoke play and help probe the design space. We found that “reflection on
action” (debriefing and subsequent brainstorming) was fruitful for ideation
and theorem building about interaction, but “reflection in action” failed. Yet,
reflection in action, particularly with such probes, is important to capture the
“mechanics of collaboration”. Therefore, we are considering adapting
improvisational theatre to our study of distributed collaboration.
Keywords. Collaborative design; design support tool; interactive media;
role-playing; extended cognition.

1. Introduction
Collaborative design is a social and complex task involving multiple designers
communicating with one another using external cognitive tools to encode, decode,
and share information. During this process, small artefacts and moments of agreements often become lost or forgotten. To support collaborative design, we are
developing a framework called DiNa (Huang et. al., 2011) that applies the principle of least effort during collaboration (Clark and Wilkes-Gibbs, 1986) to achieve
synchronized actions, a single record of decisions, and reduced effort to record,
organize and share information. Particularly, to ease spontaneous collection and
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sharing of information, DiNa focuses on web-enabled smart devices that are readyto-hand to lower the barrier to distributed collaboration by executing multiple steps
of recording, organizing and sharing of information. We wish to explore the design
space and evaluation methods for DiNA before making committed investments.
In this paper we report on our ‘role-playing exercise’ looking at the lower level
“mechanics of collaboration” (Pinelle et al., 2003). In order to generate ideas, we
tried role-playing a scenario, with subsequent brainstorming about the role-playing.
The scenario was a simplified “play” version of commissioning a building, and
involved two teams of participants – an “on-site” team, and a “design” team.
Immediately after, we held a debriefing session and a bit later a brainstorming
meeting. Both yielded some interesting ideas, and also some lessons that we will
take into account in our future research.
2. Background
Clark and Wilkes-Gibbs (1986) adapted the idea of least-effort (Zipf, 1949) to propose that collaborators will minimize effort during presentation and acceptance of
arguments. While much of today’s Computer-Supported Collaboration (CSS) tools
are built around file systems and structures, nevertheless, during collaboration, collaborators rely on each other to reach common understanding. In addition to the
digital artefacts, we also rely on artefacts and signs that are not digitized such as
back-of-the-napkin sketches, voice, facial expressions and gestures during face-toface discussions. These are thus rarely documented. Our challenge is to lower the
barrier to spontaneously record or share such information. We conducted this roleplaying exercise to further understand what kind of non-digital artefacts are
created, and how collaborators are interested in using them along with digital ones.
Medler and Magerko (2010) define improve[ising] as the “creation of an artefact and/or performance with aesthetic goals in real-time that is not completely
prescribed in terms of functional and/or content constraints”. The improvisers aim
to achieve consensus about the scene and their roles. They define role-playing as
“the practice of group physical and spatial pretend where individuals deliberately
assume a role in a constructed scene”.
Boess (2008) suggested that the role-play techniques should not be overloaded.
Rather, a goal is to use the techniques flexibly. A role-playing session should be
geared to either ideation, or interaction, but not both. The participants need at least
an hour of preparation. Props are important, and have different roles, from prototypes to aids for understanding. The role of props could, in itself, be a research
topic (Svanaes and Seland, 2004).
Morgan and Newell (2007) enabled “reflection in action” (Schön, 1983) in their
employment of improvisational theatre to gather requirements for seniors-oriented
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software. They used professional actors who were able to stay in character when
interrupted by an audience of seniors. “The performance of the story maintains the
focus of the discussion, the characters bear the brunt of any negative comments, the
audience increasingly engages and feels it’s comfortable to join in and a great deal
of data emerges from the discussion. The process can be recorded unobtrusively (with
permission) for subsequent transcription and analysis.” Not only were the actors prepared, this method also uses a facilitator who is familiar with the research goals.
3. Role-Playing and Brainstorming: Exploration Design Space for CSS
3.1. SCENARIO CONTEXT

The participants were asked to role-play in a building-commissioning context.
Building commissioning is a highly collaborative process where building-features
are verified after construction against the requirements defined throughout the
design phase. Professionals from the client, constructor, and design sides systematically investigate the building on-site. They collaborate to identify if the building
meets the project objectives.
As the project, we selected a recently redesigned layout of a group workstation
in our lab. The participants were given the floor plans and 3D images of the layout (Figure 1) along with a set of requirements for this project. They were asked
to use the provided information during role-playing to identify if the workspace
area could be taken over by the client. The design and actual layout were expected
to meet the requirements. In total, there were 16 requirement items. Three of them
intentionally conflicted with at least one another requirement. For example, one
requirement specified that a circular table should be provided in the workspace;
however another requirement, at the end of the list, specified a rectangular table
instead of a circular table. There were also inconsistencies introduced between the
requirements, the plans and the completed layout. For example, the requirements
specified planters to be placed between spaces; however, neither the plans nor the
actual layout had these planters. In addition, while the requirements specified to
not place any table above any HCVA register, one of the tables was right above a
couple of registers in the actual layout, and at least on one register on the plan. The
requirements asked for desktop lighting fixtures and the actual layout provided
them, but none of the plans showed how they would be placed.
The participants were not told of the existence of these conflicts and inconsistencies. It was expected that their conversation for reaching an agreement and use
of media to record their decisions as they discover them would (a) reveal new scenarios for the system being developed, and (b) help us to confirm some of the use
cases we proposed for DiNa (Huang et al., 2011).
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Figure 1. A section from the layout plan and its 3D image.

3.2. PARTICIPANTS AND GROUPS

The participants were members of our research group working on different
projects other than DiNA. They were neither revealed the design and the purpose of the study until they were debriefed, nor did they take any active part
in the scene setting. There were nine members divided into three groups: the
site group, the design office group, and the observer and facilitators. Each
group had three participants. The group member roles, individual goals, and
their group tasks are given in Table 1. Following a brief introduction role playing, the participants were asked to create their own persona by selecting a role
name and character. They wrote these after the groups were assigned and before
the role-playing started. This was done to increase their engagement through
their acting as if their persona were real. One participant chose to play a different gender. They were told that they groups were geographically located in
different places, and there was a time zone difference. The participants were
assigned to their groups based on their background and interest by the observer
group.
3.3. GROUPWARE: PROPS AND PROJECT ARTIFACTS

The participants were given a set of mock-up peripheral devices resembling the
available technology used every day such as smart phones, tablets, smart pens;
however without any specific application implied (Figure 2). They were told these
probes are capable of performing like any equivalent device.
The participants were encouraged to use these probes to record, share, and
retrieve their ideas and decisions when needed. They could pretend that the props
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Table 1. Participants in role-playing and their responsibilities.
Group

Real life role

Site
Merjan

Architect

Max

Karine

Office
Anita

Role

Responsibility

Construction manager This group was to confirm the workspace
working for the
layout together with respect to the
client
requirements and specifications. They
Design/
Contractor responsible
were asked to record their finding and
computation
for delivering the
decisions. They were also asked to
project
communicate with the office group to
Collaboration/ On site consultant to
clarify issues.
computation
client

Marco

Education/
interaction
Architect

Scott

Architect

Client and investor
Client’s design
consultant
Architect designed the
layout

Observer
O-1
Interaction
Communication
Designer
support
O-2
Design/
Intervention
computation
O-3
Interaction
Technical support
Designer

This group was to confirm if the floor plans
designed by the architect are meeting the
client requirements compiled by the
client’s consultant. The client had a busy
schedule. They were required to clarify
requirements, receive approval for plans,
and support the site during building
commissioning by providing information.
Passive participants who mainly observed
role playing and took notes; assigned roles
in the beginning; answer questions related
to the role playing activity; manage video
and audio; intervene role playing by
introducing unexpected events such as
missing document, disruption in
communication channels, change in
requirements, and arrival of missing
material on site etc.

could facilitate their workflow during building commissioning. Another prop was
two large whiteboards as pretend-server. They were asked to post their records on
the whiteboards to communicate with others (Figure 3). The groups used colours
to direct their messages. Red was used to send messages from the office to site and
green from the site to office. Blue and black were used to record decisions among
the site and office groups respectively.
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Figure 2. Props used during the role-playing.

Figure 3. Whiteboard as collaboration support server.

3.4. PROCESS

The exercise took place in two sessions: role-playing and brainstorming. In the
first session, the groups role-played building commissioning of the workspace
(Figure 4). This session took 2 hours following 45 minutes debriefing. It started
with introduction to the study, group forming, and persona definition in the first
half-hour. After assigning roles, they were given the project documents by noting
that they could be treated as digital documents. In addition, the participants were
given the probes and post-it notes with an instruction as to how to use the whiteboard. The groups were allowed to make phone or video calls but only in front of
the video recorders. When the observers noticed increased use of direct calls, the
groups were told that the communication lines were broken to encourage them to
look for other means of communication, both synchronous and asynchronous.
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4. Results and Wish-List
The role-playing exercise did not directly reveal what we expected to see: use
cases manifested through improvising. The site team did not use their props, while
the design team barely used them. The few times that they handled the props, they
used them as if in conventional rather than imaginative ways. Neither ideation nor
improvisation occurred during the role-playing. Debriefing revealed that the participants were so focused on achieving their tasks that they would not take extra
steps to pretend things with the props. However, this ironically confirmed the principle of least effort that we adopted in developing the DiNa framework.
The study indicated that misunderstandings could ride too long. For example,
the site team misunderstood the design team’s use of the symbols “X”, “√”, and
“?” to mark the status of whether requirements were fulfilled. This issue of misinterpretation was not identified except by intervention; and came to light only
upon gentle prodding by a facilitator, whereupon clarification communications
ensued. On the topic of misunderstanding, debriefing revealed that the participants
had been unclear about their responsibilities and hierarchy, but they were too busy
with their tasks to seek clarification from the facilitator. This convinced us that

Figure 4. (TL) Design office; (TR) Site team; (BL) An issue is being raised on the whiteboard; and
(BR) an observer interrupting site team to clarify their move.
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DiNa needs a mechanism to watch for clues of misunderstanding, and query collaborators about them. For example, Anita (the busy client) had been promised to
be kept updated, but the promise was not fulfilled. She then studied the history of
communications on the whiteboard as a way to update herself about what was
going on. If DiNa knows that updates are expected, then a timer could inform
those responsible. Anita used numbering and arrows to trace conversation history
using visuospatial clues. One of the ideas that came up in the debriefing was the
need to be nagged about hanging promises.
The site team members preferred working on their individual notes rather than
keeping a shared document. Most of the content of these notes included brief short
sentences, abbreviations, sketches and diagrams, which sometimes required further clarification when discussed with other members.
The conference call at the end of the session resolved some issues. During the
call, Scott tried to peek at Max’s document, which Scott forwarded him earlier. He
said that the document he sent to Max was not the version he had during the conference call. He needed to look at his ‘notes’ on the (paper) analog document. An
important finding was that the subject of communications appeared to be issuebased, while documents supported the issues. The supporting documents were not
always included in the communications, what referenced when needed. This is
consistent with our approach in DiNa.
Max (the contractor) suggested supporting task breakdown structures such as
Work Breakdown Structure that usually serves as a master reference in collaboration. A phone call about an issue could collect the caller IDs, the time, and the
geo-location. The phone could recognize that the callers are work partners, and
automatically record the conversation and upload it (unless aborted). The DiNa
system would apply team-generated tags and organizing metadata (including for
associating dependent areas of work), and notify pertinent other collaborators. All
this activity could be mapped to a Work Breakdown Structure master reference.
In addition, the brainstorming session revealed a ‘wish-list’ from a CSS:
• Instant information on an activity progress without the complexity of a project
management system.
• A way to turn ordinary surfaces into shared work surfaces, e.g. point an iPhone
camera at a desk, indicate via gesture the focus area on the desk,
• Message time line that can be visualized by issue, participant, project, meeting, priorities etc.
• Ability to browse sketches and notes during and after the meetings by issue not by
document,
• Use digital technology to combine analog and digital resources.
• Enhance reality to match digital views in spatial contexts. The camera of a smart
phone or tablet that knows its location and orientation could obtain from the system
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information for enhanced reality. Multiple phones could be coordinated to take
measurements, exchange team specified information by bumping them together.
Multiple pictures can be used to create 3D models.

5. Discussion and Conclusions
The first study we conducted to receive feedback from a potential user group for
DiNa revealed interesting findings for both the system and the role-playing
method. For DiNa, we received confirmation on our initial assumptions, such as
the importance of issue-based collaboration, easy-to-use peripheral devices with
minimal cognitive load, flexible and almost constraint-free collaboration support
etc. During the role-playing exercise, we did observe much technology improvisation, but reflection on the role-playing invoked a rich set of features for DiNa.
The participants’ comfort with role-playing and improvisation was very
uneven. On one hand, one participant could not imagine using a different name,
let alone a different character, while another happily played both a different gender and a different sexuality. Several could not see any benefit of playing a
fictional character. Similarly, improvisation depends on the actor being secure and
resourceful in the role. Our participants needed more preparation, plus the staging
and action needed to better afford “reflection in action”. Thus we could learn from
Morgan and Newell (2007) that better prepared role-players (in role-playing)
would response better to unexpected interruptions. While they hired professional
actors, in our case we needed domain expertise in building design and commissioning. A brief training on role-playing, possibly by an actor, could better prepare
the participants.
During role playing, the participants were engrossed in problem solving
through their tasks; too engrossed to improvise. We wanted to study the problem
solving, which is at odds with the participants being well enough versed in some
script to depart from it. Boess (2008) indicated this dichotomy: that ideation and
interaction should not be tackled in the same scenario. But it is not the problem
solving per se that we are interested in, being that much is already known about
collaboration. Rather, we were looking at the lower level “mechanics of collaboration” (Pinelle et al., 2003). Therefore, we could let our “actors” know the script,
reserving some participants to be a critical audience, and one to be a facilitator.
The issue then is how to encourage improvisation at the mechanical level. Boess’s
(2008) concluding focus on the role of props in role-play as a research topic underscores this issue.
In a following study, we plan to build paper and digital mock-ups following
what we learned from the study and perform a “groupware walkthrough” (Pinelle
and Gutwin, 2002) with them. For example, DiNa envisions supporting mark-up
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projection on analog documents from digital records without a complete digital
copy of analog documents. Current smart-pen technology can easily facilitate this.
Managing two groups working independently was very confusing. The follow up
study should focus on one group with well-defined roles and tasks. We will also
refine our role-play research method, focusing on staging acts of communication,
and finding ways to facilitate the use of “props”. Our research goal is to implement the first prototype of DiNa, based on what we learned from these studies, and
what we will learn from the next iteration. Ultimately, the implementation will
help us to test the validity of our approach.
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