DigiMetaplan: Supporting Facilitated Brainstorming for
Distributed Business Teams
Khanh-Duy Le

Paweł W. Wożniak

Ali Alavi

t2i Lab, Chalmers University of
Technology
khanh-duy.le@chalmers.se

Utrecht University
p.w.wozniak@uu.nl

ICVR, ETH Zurich
alavi@iwf.mavt.ethz.ch

Morten Fjeld

Andreas Kunz

t2i Lab, Chalmers University of
Technology
fjeld@chalmers.se

ICVR, ETH Zurich
kunz@iwf.mavt.ethz.ch

ABSTRACT
While facilitated brainstorming is a proven ideation method for
professional teams, distributed teams are currently not able to enjoy its benefits. As workers are shifting towards collaborating in
distributed settings, understanding how interactive systems can
support facilitated brainstorming is becoming necessary to ensure
that distributed teams remain creative. To address this challenge we
designed, implemented, and evaluated DigiMetaplan—an interactive surface-based system for distributed facilitated brainstorming
for co-located and remote users. The design of DigiMetaplan was
inspired by a widely-used facilitated brainstorming method called
Metaplan, where the brainstorming process of a group is coordinated by a facilitator. We evaluated the usability of DigiMetaplan
with five hybrid teams consisting of a co-located facilitator and
two team members connected with one remote participant. Results
showed that the features used in DigiMetaplan on interactive surfaces effectively supported teams in performing facilitated collaborative brainstorming in partially distributed settings. We contribute
knowledge on how a brainstorming environment translated into a
multi-surface distributed system affects facilitated collaboration.

CCS CONCEPTS
• Human-centered computing → Interactive systems and tools;
Collaborative and social computing systems and tools.
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1

INTRODUCTION

Creative problem-solving using facilitated brainstorming is widely
employed in companies to address strategic questions, product
and service innovation, and process improvement [13]. Such brainstorming sessions can be easily seen in the form of design-thinking
workshops at design agencies or consultancy firms, as they help
generate creative and multi-faceted ideas, necessary for disruptive
and holistic solutions. With the expanding geographical distribution of the workforce, there is a growing need to support distributed
brainstorming. Digital brainstorming systems [12, 20] have been
proposed to allow group members in different locations to collaborate. While these various existing digital means help make brainstorming accessible to remote participants, they can be ineffective
because they often do not comply with conventional practices and
rules of brainstorming [15, 48]. The separation of roles between
the facilitator and other participants is one of the most important
aspects often neglected in digital brainstorming tools [48]. It remains an open question whether digital systems can effectively
support collaborative creative problem-solving, like brainstorming,
in teams including different roles and various phases, specially with
involvements of both co-located and remote users.
Our work is inspired by a facilitated brainstorming method used
widely in business, the Metaplan [22]. Co-located, pen-and-paper
Metaplan is actively used in domains such as clinical practices [8],
research [2] and business contexts [1]. Our system supports various co-located and remote team configurations, e.g. 4-0, 3-1, and
2-2, 2-1-1 but here we focus on a 3-1 setting because such a team
setting and its alikes are increasingly prevalent in different businesses such as outsourcing or consulting [5, 29, 50]. The Metaplan
comprises many typical elements of brainstorming sessions and
in our research serves as the prime example of a facilitated brainstorming method, which can be easily adapted to other facilitated
brainstorming methods.
This paper contributes the following: (1) the design and implementation of DigiMetaplan, a surface-based system for distributed
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facilitated brainstorming; (2) an empirical evaluation of DigiMetaplan; and (3) implications for distributed brainstorming future systems.
We present a background on facilitated brainstorming, especially
the Metaplan method. A related work section offers an overview
of digital brainstorming systems and past studies on collaborative problem solving. Based on this background and a set of design requirements derived from the related work, we describe our
DigiMetaplan system, designed in-house. The remainder of the
paper reports on an exploratory study where we videotaped and
logged data on communication and interaction of five teams using
DigiMetaplan. Insights from the system design and our evaluation
are discussed to provide design considerations for future systems.

2

METAPLAN

Metaplan is a facilitated brainstorming method well-established
in the corporate world [22, 27]. It is based on the principle of a
“visualized discussion,” typically beginning with an initial hypothesis or question, triggering each participant to individually write
ideas on notes within a given time frame. In order to avoid the
problem of evaluation apprehension, in which participants cannot
generate ideas freely due to the fear of negative evaluations from
other group members [11], there is no communication among participants in this personal phase. In the shared phase, the notes are
then collected and clustered by a facilitator on a shared workspace
(usually a whiteboard). This typically ignites a discussion; and additional notes and sketches can be added to the shared workspace.
The success of Metaplan relies on a simple but important principle
of visualizing the problem so that everyone in the team can see
all of its components, and then sharing the discovery and making
decisions in an equally visual format [39]. The shared workspace is
thus always oriented vertically so that all participants can follow
the flow of the discussion and all changes (clustering, annotations).
Throughout the activities of the shared phase, a significant amount
of information is also transferred by non-verbal communication
elements, such as deictic (pointing) gestures. For example, the facilitator can guide the discussion and direct focus to topics shown
on the shared workspace; other participants can likewise point to
particular items they wish to elaborate upon (see Figure 1).
The main benefit of facilitated brainstorming methods like Metaplan is that they are strictly structured to improve team efficiency
[33, 41] as it keeps the team focusing on the given problem [16].
The facilitator is in charge of helping the group by stimulating
interactions among participants, guiding the process, ensuring participants stay on one discussion thread, and eliminating unnecessary time-consuming details [22]. Thereby, the creativity process
moves forward by producing outcomes from clear thinking and
global participation [39, 48]. Nevertheless, the Metaplan method
has often been paper-based and kept within co-located teams, and
there is still a lack of digital designs to support it. There have been
several systems designed to support different collaborative tasks
such as brainstorming [20, 25, 27, 53], design studio [12, 23, 28]
and sensemaking [34, 37, 54], in co-located as well as distributed
settings. However, these lack support for role separation (e.g.: they
provide all team members the same levels of access to all features
of the system) and phase shifting (e.g: lack of specializations in presenting collaboration contents according to phases). This can lead

Figure 1: A conventional Metaplan brainstorming session
during the convergent shared phase. The facilitator stands
and chairs the brainstorming whiteboard while other participants are seated.
to unexpected user behaviors, such as when a user performs actions
outside their assumed role—violating the structure of the collaboration process—or undesired effects on the performance of users. To
better suit structured processes of facilitated brainstorming like the
Metaplan method, digital systems should consider offering users
different levels of access to their features according to their roles
in the process. Likewise, designing the interface of the system also
needs to consider users’ cognition in each phase of the collaboration process. Due to the proven benefits of conventional facilitated
brainstorming as well as its paper-based limitations, it is essential to
provide digital tools fostering such methods to better support team
collaboration, not only in co-located but also distributed settings.
As Metaplan is a well-established method for facilitated brainstorming in companies [22, 27] and the mechanism of how it works has
been studied [39], we believe that it is a prime representative to
help guide the design of our system.

3

RELATED WORK

DigiMetaplan is a step towards developing tools that support hybrid teams [19] in collaborative creative problem solving like brainstorming or co-design, following a structured process and involving
different member roles. We thus situate DigiMetaplan by first unpacking previous designs supporting creative groupwork, followed
by illustrating how existing collaborative designs lack supports for
role switching and phase shifting.

3.1

Systems for creative groupwork

Our work benefits from an extensive history of past research which
has explored how to support group work with interactive systems.
Designers’ Outpost [28] is a system designed specifically to support
brainstorming with notes. The system can digitize physical Post-It
notes, allowing users to work naturally with pens and paper. To
overcome the temporal limitations of paper-based brainstorming,
it also provides a timeline allowing users to browse the history of
the brainstorming session. Nevertheless, the system is limited to
co-located teams. Firestorm [10], a tabletop brainstorming system,
allowed team members to equally collaborate on brainstorming
around a table. Hilliges et al. [25] proposed one of the earliest
systems combining horizontal and vertical interactive surfaces to
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support note-based brainstorming. Geyer et al. [18] designed a similar system, allowing co-located team members to generate ideas on
an interactive table and refine them on a vertical display. Similarly,
IdeaVis [17] employed both horizontal and vertical workspaces to
support co-located teams in creating and refining ideas, with the
involvement of facilitators chairing the vertical display to monitor
team progress. VisPorter [9] is another system combining large vertical and horizontal interactive surfaces, supporting sensemaking
for co-located teams.
Everitt et al. [12] extended Designers’ Outpost to be one of the
earliest systems supporting brainstorming in distributed settings.
Their system assumed identical setups between two locations that
both have large interactive screens and projectors. Similarly, TeleBoard [20] allows participants to input ideas from personal computers, and assumes identical setups with large interactive displays
between two locations in distributed settings. CrowdBoard [3] supports users to generate ideas on large displays with creative input
from a remote crowd. While the systems above charted the way for
remote collaboration in brainstorming, the settings of hybrid teams,
consisting of a co-located team collaborating with one or more
remote individuals, seem to be underexplored. Our work explores
this research gap. Next we discuss why it is necessary to design
a system to support role switching and phase shifting in hybrid
teams engaged in brainstorming activities.

3.2

4

DESIGN REQUIREMENTS

In the next step of our inquiry, we reflected on the literature above
and revisited the specification of the Metaplan method to define
requirements for a system that would support facilitated brainstorming for hybrid teams. Consequently, our design is guided by
the principles behind the original Metaplan method (informed by a
long history of business practices), and the principles behind past
work in interactive surface systems. This allows us to derive design
requirements based not only on the brainstorming method’s actual
practices, but also on the users’ needs, which have been systematically documented in similar systems. Furthermore, our design
team included a Metaplan expert with 20 years of experience in
applying the brainstorming method. As a consequence, we could
ensure that our digital design never violated the principles and goal
of the original Metaplan. To guide our design process, we defined
six design requirements. A system that supports Metaplan should:
• R1: Support facilitated brainstorming both in co-located and
distributed teams and be suited to remote participants using
mobile devices.
• R2: Help participants avoid evaluation apprehension during
idea generation in the personal phase.
• R3: Provide a full view of the shared brainstorming space for
both the facilitator and participants, but with different levels
of access to the system’s capabilities according to their roles.
The facilitator has full access.
• R4: Provide digital tools for facilitation and idea refinement.
• R5: Provide versioning to support rewinding brainstorming
content.
• R6: Support the use of deictic (pointing) gestures on all mobile devices.

Computer-supported collaborative problem
solving

The study with Colab [46], a system similar to Cognoter [13],
showed that when participants can freely make changes on the
shared workspace without facilitation, they will gradually lose
track of what others are doing and focus on their individual manipulations. Similarly, Hilliges et al. [25] observed in brainstorming
sessions that when participants simultaneously work on a large
displays without a facilitator, after a while, they will lose track of
each other’s activities on their notes. In contrast, Brudy et al. [7] observed that in collaborative problem solving using multiple devices
having a dedicated overview device, separate from the ones used
individually by each participant, can help teams make decisions
more effectively. Such a separate device showing an overview of
the shared workspace resulted in more fruitful discussion among
participants by facilitating more shared attention: triggering their
pointing gestures towards the device, prompting others to move
their attention to it and initiating discussion.
In a study on distributed teams consisting of a co-located team
collaborating with remote participants on an unfacilitated sensemaking task, Bos et al. [6] observed that even though team members
all knew each other, the remote participants tended to have difficulties contributing to the collaboration due to the limitation of
communication technologies. Neumayr et al. [38] observed that
in collaborations on sensemaking—with a hybrid team consisting
of a co-located team of two and two remote participants, using a
large display as a shared workspace and mobile devices as personal
workspaces—without coordination, the teams tended to be overpartitioned and performed less efficiently. These studies show that
there is still insufficient role support in the design of collaborative
systems to help hybrid teams achieve better coordination. Our work
explores the means to provide that support during brainstorming.
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We used the requirements above to design DigiMetaplan, a system
we used to explore how interactive systems can support distributed
facilitated brainstorming.

5

DESIGN

DigiMetaplan supports facilitated brainstorming activities for both
co-located and distributed teams, and allows users to perform effective brainstorming either in a co-located group or as remote participants joining the co-located group. Due to the emerging prevalence
of large displays in office spaces (e.g: digital whiteboards [31]) and
mobile devices (e.g: tablet, smartphone [4]), we decided to design a
system that would support both types of interactive surfaces.
Large displays are now commonly seen as shared screens in
office meeting rooms, and are thus suitable to be used as the main
workspace for the facilitator, coordinating the whole team’s process [44]. Mobile devices are compact and sufficiently powerful
enough to allow individuals to conveniently perform several tasks
while traveling, including working remotely [43]. DigiMetaplan is
designed to use these different form factors effectively, and thus
consists of two components: DigiMetaplan Board, an application
primarily running on an interactive whiteboard and serving as
the main shared brainstorming canvas (or the shared workspace);
and DigiMetaplan Pad, an application running on personal devices
(smartphone, tablet), supporting both co-located and remote group
members’ joint participation in a brainstorming session (R1).
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Using the DigiMetaplan framework, participants in a brainstorming session write their ideas on digital notes using their devices
and DigiMetaplan Pad. Next, they discuss and refine the generated
ideas on DigiMetaplan Board. While this combination of a large
interactive display and mobile devices to support collaboration
has already been covered in the literature [20, 23], DigiMetaplan
uses the design principles from past work on multi-surface environments [7, 24, 25, 44, 54] and applies them to the well-defined
brainstorming process of the Metaplan method. Next, we describe
the design rationale of DigiMetaplan Board and DigiMetaplan Pad.

5.1

DigiMetaplan Board

DigiMetaplan Board is a shared workspace of a facilitated brainstorming session where all notes generated from participants using
DigiMetaplan Pad (described later) are shown, arranged, and then
discussed later, during the shared phase. Similar to a whiteboard
in conventional brainstorming, this main interface of DigiMetaplan Board primarily runs on a large interactive screen, so that all
co-located participants in the room can easily see the ideas. Notes
representing ideas generated using DigiMetaplan Pad are placed in
a pile at the bottom left corner of DigiMetaplan Board. This is to
avoid occluding the central area where idea refinement is usually
performed. Besides that, when a note first appears on DigiMetaplan
Board, it animates with a slight spin, informing the team about
the appearance of a new idea. This animation will stop when the
facilitator starts interacting with the note.
In the shared phase, the facilitator starts his/her work by picking
up and arranging these notes on the shared workspace. Since the
facilitator is the only user of DigiMetaplan Board, the application
needs to provide them full access to manipulate and edit brainstorming contents (as suggested by Takouachet et al. [48]) (R3).
Therefore, DigiMetaplan Board allows the facilitator to freely move,
rotate, scale, and remove notes, as well as to restore removed notes
(R3, R4).To support scaling a note not only on multi-touch displays
but also on single-touch or non-touch displays, users can simply
click on a magnifier icon at the bottom-left corner of the note, as
well as using pinching gestures (for multi-touch surfaces). Drawing
lines, the facilitator can illustrate grouping or linking ideas during
the course of chairing the brainstorming session (R4).To further
support idea clustering, DigiMetaplan Board also allows the facilitator to set and change the color of each note, since colors can be used
as a means for structuring, e.g. assigning notes to a certain topic
represented by a color (R4).This feature is an advantage of digital
brainstorming over paper, and arose from user feedback during our
iterative design process.
To support versioning, DigiMetaplan Board also offers a timeline
that allows the facilitator to browse the history of the brainstorming
session and go back to a specific point earlier in the session (see
Figure 2) (R5).The timeline is event-based, which means that a
new frame is added once there is an event on the brainstorming
whiteboard (e.g. a note added, moved, scaled, deleted, restored; a
line drawn, erased). This versioning ability is another advantage of
digital brainstorming over a conventional method. Figure 2 shows
the user interface of DigiMetaplan Board. Our DigiMetaplan Board
prototype was implemented in C# using WPF.

Figure 2: User interface of DigiMetaplan Board; all generated notes are first shown in the pile at the bottom-left corner, before being dispatched and arranged over the canvas.
Here the the timeline is activated, showing brainstorming
history in the center, and the color wheel is also activated,
allowing the note’s color to be changed.

Figure 3: DigiMetaplan Pad (a) note editing view, (b)
‘overview’ view with fading highlighter (red circle) triggered
by user touch pointing, and (c) pointing highlighter (red
spot) shown at the corresponding position on DigiMetaplan
Board.

5.2

DigiMetaplan Pad

While DigiMetaplan Board is designed for facilitators, DigiMetaplan
Pad is to support non-facilitator members in facilitated brainstorming. Similar to conventional brainstorming, the most important
task for participants is to contribute their ideas (in the personal
phase). DigiMetaplan Pad allows users to write on their tablet or
smartphone using their fingers or stylus. We chose this interaction
technique because it is similar to using a pen to write notes and
allows not only text but also sketches. The submit button sends the
note to the whiteboard, and users can also update a submitted note
on their device by pressing the Edit button at the bottom-right of
the note. They can all input their ideas simultaneously, avoiding
production blocking [40, 46]. All generated notes initially show
up on the DigiMetaplan Board with the same color, helping to ensure the anonymity of authors to avoid the problem of evaluation
apprehension [11] in this phase (R2).
To allow participants to participate in the shared discussion
phase during the brainstorming session, they need to see what
is happening on the DigiMetaplan Board. For co-located groups,
all participants can see the brainstorming canvas of DigiMetaplan
Board on the large display. However, in distributed settings the remote participants do not have the same access to the large display.
To make DigiMetaplan work for remote settings, DigiMetaplan
Pad provides access to an overview that periodically updates an
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image of the brainstorming canvas, allowing remote participants
to fully view the brainstorming content on their device (R3). We
implemented the prototype of DigiMetaplan Pad as a mobile application (Android). Remote users can easily switch between the
note editing and overview with buttons on the interface. In other
systems such as TEAM STORM[23], remote users have full access
to the brainstorming canvas, like those working at the interactive
whiteboard (which is typical for non-facilitated brainstorming sessions). In DigiMetaplan, the Pad follows Metaplan rules, limiting
access to one’s personal brainstorming space (R3). Figure 3 shows
the different user interfaces of DigiMetaplan Pad.
As described earlier, participants in a facilitated brainstorming
session write their ideas on notes during the personal phase and
then join the discussion in the shared phase. If participants want
to interact with the brainstorming canvas (such as: move, remove,
group or link notes), they will discuss this explicitly with the whole
group and the facilitator will perform the manipulation for them
if everyone agrees. During the discussion, the participants often
use deictic gestures (pointing gestures using arm, hand or finger)
to make their opinion more comprehensible. In co-located settings,
this can be followed easily. This ability should also be similarly supported on remote users, allowing them to express deictic gestures
to the whole team. DigiMetaplan Pad allows all remote users to
point at a location on the overview of the shared workspace using
a fading highlighter (R6). When a user touches the overview of
DigiMetaplan Pad, a highlighter will appear at the corresponding
location on DigiMetaplan Board, fading away (in one second) when
the user lifts their finger. We assume that this design ensures that
remote and local participants will have similar levels of access to the
brainstorming whiteboard in facilitated brainstorming. Currently,
DigiMetaplan Board offers seven colors to distinguish highlighters
of multiple users.
In a brainstorming session, participants also communicate via
verbal and non-verbal cues. Besides deictic gestures, non-verbal
cues can also include other types of hand gestures, body postures
and facial expressions. In distributed brainstorming, these verbal
and nonverbal cues need to be transferred between sides using
video conferencing technologies. However, in this work, we did not
focus on designing video conferencing interfaces to effectively visualize such verbal and non-verbal cues. Rather, we mainly focused
on designing a digital brainstorming system where participants
interacted with brainstorming content following facilitated brainstorming practices, using a standard video conferencing solution
for video and audio communication.

6

EVALUATION

To understand how well DigiMetaplan can support facilitated brainstorming, we conducted a user study to investigate how the system’s features would be used, as well as the communication and
interactions among participants during a brainstorming session.

6.1

Method

To have a holistic view over how the design of DigiMetaplan influences a team in creative collaborative problem solving such as
brainstorming, we carried out a summative evaluation observing
how the features would be used in a team’s collaboration dynamics.
We employed several metrics from quantitative measures on the
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idea generation, verbal and non-verbal communication cues, to
qualitative observations of users interacting with the system (see
Measures section). We believe that these should allow us to gain
deep understandings on the process and the resulting outcomes
of the collaboration. These metrics were inspired by various experimental studies on telecommunication [5, 14, 52] and creative
problem solving, especially using brainstorming [14, 25, 35, 42, 49].

6.2

Participants

Twenty participants (13 male, 7 female) divided into five groups
were recruited. The average age was 30 (±12.3). Participants’ occupations were diverse: engineering students, a professor, marketing
executives, a software developer, and a business manager. All of the
participants reported regularly engaging in business brainstorming
activities. Each participant was compensated with a movie ticket
for their participation. Participants rated 4.9 (out of 5) on average
(±0.44) for their familiarity with touch-screen devices, like a tablet
or a smartphone and 1.95 on average (±0.84) for their familiarity
with large interactive displays like a digital whiteboard. From all
(n=20) participants, 15 reported to be familiar with free-style brainstorming in which all members have the same role, three reported
to be more familiar with a facilitated version, and two participants
had never used brainstorming. Each group of four participants
was divided into a co-located sub-group of three (including the
facilitator) and a single remote participant. This is similar to the
hub-and-satellite setup [5, 47, 51], considered as a popular case for
distributed teams, which are mostly co-located except for one remote member [15]. Since DigiMetaplan aims to support co-located
and remote facilitated brainstorming, this setup is effective by allowing us to investigate communication and interaction between
different types of participants: facilitator, co-located members and
remote member. Since each group of participants had to perform
brainstorming during this study, it was important that they all knew
each other to be able to comfortably communicate and express their
opinions. Therefore, we recruited groups of four who already knew
each other from the university campus or nearby companies. Such
a recruitment strategy ensured that the the participants were potential users of a brainstorming support system in the line of their
daily work.
For the role of faciliator, groups 1 and 4 chose the oldest one in
the group while groups 2 and 5 chose the ones who were considered the leader of the group. Group 3 went with the first one who
volunteered. For the role of remote participant, all groups simply
agreed to pick the first one among the non-facilitator participants
who volunteered.

6.3

Apparatus

The co-located sub-group was placed in a meeting room equipped
with a 78 1/2” W x 53 3/8” H multi-touch interactive whiteboard,
which was connected to a Windows 7 PC with Core Duo 3.00
GHz CPU and 4.0 GB RAM. There was also a meeting table, a 13megapixel webcam and three smartphones; one for each participant
including the facilitator, who also joined the personal phase. The
smartphones we used were two 4.5-inch HTC One Mini running
Android 4.4.2 and one LG Nexus 4 running Android 4.4.4 (due to
hardware availability in our workplace). Each smartphone user
was equipped with one stylus pen. The interactive whiteboard
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had around ten minutes to individually write down their ideas during the personal phase. They were advised not to talk to each other
during this phase to avoid affecting individual creativity. After that,
the facilitator walked to the board and facilitated the idea discussion in the shared phase. The facilitator was briefly told that his/her
role is to chair the whiteboard, facilitate discussions among group
members and manipulate the brainstorming contents according
to the discussions. Participants could then confer as long as they
wanted until they all agreed the end result of the session. Finally, all
participants went through a semi-structured interview to provide
feedback on the system.

Figure 4: Actual setup in the co-located sub-group’s room:
two co-located members seated side-by-side (due to furniture constraints) about 2 meters away from the whiteboard
to be adequately captured by the recording camera.
served as the brainstorming canvas, running the DigiMetaplan
Board software.
The remote participant was seated in a separate room and provided with a 9-inch Asus Nexus 9 tablet running Android 6.0.1
and a stylus pen. The same version of DigiMetaplan Pad that was
deployed on the smartphones of the co-located participants was
also used on the tablet of the remote participant. The video stream
and audio communication of the remote participant was captured
by the built-in front camera and microphone of the tablet. The
co-located participants and the remote participant exchanged their
video streams with audio via Skype. The Skype video stream of
the remote participant is placed at the bottom-right corner of the
whiteboard by default (as depicted in Figure 4) and can be moved
by the facilitator if needed.

6.4

Procedure

At the beginning of our study, all participants answered a demographic questionnaire. The experimenter then explained the purpose of the study and introduced the DigiMetaplan system, including a demonstration of the software features. DigiMetaplan
Pad was demonstrated on the tablet, and it was explained that the
smartphones ran the same application.
After the introduction, each group chose one person to be the
remote participant and another as the facilitator. We will refer
to co-located participants other than the facilitator as “co-located
members.” Due to the constraints of the furniture in the room of the
co-located participants, the two co-located members were seated
side-by-side so that their facial expressions and gestures could be adequately captured by the recording camera for later video analysis.
Their seats were approximately 2 meters away from the whiteboard
(see Figure 4). Participants were given devices according to their
assigned roles (co-located member, remote member, or facilitator),
and had about fifteen minutes to get familiar with the software. The
experimenter then introduced the topic of the brainstorming task.
Afterwards, the remote participant was guided to their separate
room.
Each session was divided into two phases: personal idea generation (or: personal phase) and shared idea refinement (or: shared
phase). In the personal phase, participants elicited as many ideas
as possible about the topic; these ideas were then discussed and
refined in the shared phase. In our study, participants in each group

6.5

Task

Each group brainstormed on one topic, with the freedom to brainstorm on any aspect of the topic that interested them. Three groups
chose topics important to their own projects, ensuring their interest and engagement in the session. The other two groups used our
default topic, the design of a futuristic smart kitchen. We chose this
as the default task as it could be addressed without any specific
knowledge or professional education. We thus ended up with three
different topics.
• Groups 1 & 5: The design of a futuristic smart kitchen. This
topic features both creativity and technology values, useful
for design workshops at design agencies to foster out-of-box
thinking.
• Groups 2 & 3: The design of a “makerbike” for a company’s
promotion campaign (participants of both groups belonged
to the same division and company)
• Group 4: Marketing strategies for a university’s brand that
the group was working on.

6.6

Measures

We employed several quantitative measures and qualitative observations to explore the effects of DigiMetaplan on teams’ collaboration.
Inspired by previous studies on brainstorming [14, 25, 35, 42, 49],
a participant’s contribution to the collaboration was investigated
through idea generation - measured by the number of ideas they
generated in relation to the group’s total number of ideas. We also
measured participant’s involvements through their conversational
turn taking, following Biehl et al. [5] as we would like to investigate
how involvements of different participants, in term of verbal communication, would be elicited in brainstorming using our digital
support. For turn-taking analysis, two researchers coded videos
recorded from the study and disparities were resolved through frequent discussions with two other senior researchers in the team.
Besides that, we also observed how participants utilized DigiMetaplan’s features in their collaboration.

6.7

Results

A total of 4 hours 24 minutes of video was recorded (on average
52.8 minutes/group), in which the average length of the shared
phase was 45 minutes (range from 25 to 72 minutes). In the middle
of the third group’s brainstorming session, one co-located member
had to leave the room for around five minutes to answer a phone
call. Next, we report the result of the user study in terms of our
analysis and observation on the use of the system’s features and
the involvement of participants.
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Overall, all participants followed the rule of not communicating
with each other during the personal phase. Although we separated
between the personal and shared phase (since these two phases
require different user behaviors according to the Metaplan method),
we observed that participants (either co-located or remote) in four
out of five groups also generated notes in the shared phase. Therefore, we separately analyzed the ideas generated in the two phases.

Facilitator

6.7.1 Idea generation. During the personal phase, there was no
role separation among co-located participants, hence all three colocated participants were considered equally in this phase. We
adopted the Mann-Whitney U test to compare idea generations of
co-located and remote participants, as we cannot assume the normal
distribution of the ratios of notes generated. In fact, we did not see
a significant difference between co-located and remote participants
(p > 0.1). On average, a co-located participant contributed 26%
(±8.8%) of all the notes generated by the whole group in this phase,
compared to 22.1% (±4.1%) of the remote participant.
During the shared phase, only co-located members and remote
participants generated notes; facilitators were not in a position to
generate notes. We observed that four co-located members of three
groups and three remote participants generated notes in this phase.
Participants mainly generated ideas during the shared phase when
realizing that some missing ideas were needed for the discussion
among participants.
Overall, the majority of ideas were generated during the personal
phase. Here, we adopted the Wilcoxon Signed-Rank test to compare
the ratios of notes generated in two phases as we cannot assume
to normality of the distribution of the ratios of notes generated by
the two phases (considered as two unmatched statistical groups).
On average, 86% ± 13.8% of all notes of a group were generated in
the personal phase, while 14% ± 13.8% of all notes were generated
in the shared phase (p < 0.01, r = 0.9). As we observed that some
co-located members volunteered to write down new ideas for the
whole group, we found it not reliable to compare ratios of notes
generated in each phase by each type of participant (co-located vs.
remote participant).
6.7.2 Turn taking. We examined three measures related to turntaking of facilitators, co-located and remote participants: turn length
(measured in seconds), turn rate (measured as % of total turns of
a group) and turns per minute. We applied the ANOVA test for
the comparison of turn lengths of three types of participants and
post-hoc t-tests for pairwise comparisons when the ANOVA test
turned out to be significant, using Tukey adjustment for multiple
comparisons. Turn lengths of the three types of participants were
significantly different (F (2, 13) = 4.7, p < 0.05). In particular, while
turn lengths of co-located members and facilitators showed no
significant difference (2.80 vs. 2.16, p = 0.40), remote participants
had higher turn lengths on average than facilitators did (3.85 vs.
2.16, p < 0.05). With turn rate and turns per minute, due to the
relatively small population, we could not assume normality in their
distribution. Therefore, we adopted the Kruskal-Wallis significance
test for comparison among three types of participants (more than
two unmatched statistical groups) and Mann-Whitney U tests for
post-hoc pairwise comparisons (between each pair of unmatched
statistical groups) if the Kruskal-Wallis test turned out to be significant. Turn rates differed significantly among remote participants,

Turn rate (%)
Turn lengths
(seconds)
Turns
per
minute

ρ

33.75 ± 4.3
2.16 ± 0.23

Co-located
member
25.68 ± 5.7
2.80 ± 0.39

Remote
participant
14.83 ± 4.9
3.85 ± 0.48

0.0002
0.029

6.65 ± 2.72

4.81 ± 1.57

2.8 ± 1.17

0.025

Table 1: Measurements of turn-taking in term of turn rate,
turn lengths, and turns per minute of facilitators, co-located
members and remote participants

Figure 5: Rates of overlapping talk between facilitators, colocated members, and remote participants. CoC: Co-located
member overlapping Co-located member, FoR: Facilitator
overlapping Remote member, etc.
facilitators, and co-located members ( χ̃ 2 = 12.094, p < 0.005). More
specifically, remote participants took significantly fewer turns than
facilitators (14.8% vs. 33.8%, p < 0.05, r = 0.79) and co-located
members (14.8% vs. 25.7%, p < 0.05, r = 0.65).
There were also significant differences between turns per minute
of the three types of participants ( χ̃ 2 = 6.517, p < 0.05). Pairwise
comparisons showed that remote participants had fewer turns per
minute compared to facilitators (2.8 vs. 6.65, p < 0.05, r = 0.66) and
co-located members (2.8 vs. 4.81, p < 0.05, r = 0.5). No significant
difference was found between the turns per minute of facilitators
and co-located members. Table 1 shows all statistics of turn taking.
Although performing Mann-Whitney U tests on overlapping
talks did not show significant results, the overlapping rates among
the three types of participants in Figure 5 show some trends. First,
the rates of the remote participant overlapping a co-located member
(RoC) tended to be lower than the ones of a co-located member overlapping the remote participant (CoR) and the other co-located member (CoC). This indicates that remote participants were less willing
to interrupt other participants than co-located members were. Conversely, the rates of the facilitator overlapping a co-located member
(FoC) tended to be higher than their overlapping the remote participant (FoR). This indicated that facilitators were more willing
to interrupt co-located members than remote participants were.
Similarly, remote participants also tended to interrupt the facilitator less than co-located members did. Rates of remote participants
overlapping the facilitator (RoF) tended to be lower than rates of
co-located members overlapping the facilitator (CoF).
Facilitation techniques
Next, we present observed techniques used by the facilitators to coordinate the brainstorming sessions. To start the discussion phase,
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Figure 6: Scaling up a note can be used to grab the participants’ attention (left) or to make a note stand out on a
crowded brainstorming canvas (right)
facilitators typically dispatched each note from the bottom left
corner to the central area of the brainstorming canvas, thereby
enabling participants to see and discuss the notes. While doing
this, facilitators mostly read out loud the idea written on a note
being moved, thereby triggering participants to talk about it. Typically, the creator of the idea was the first one who spoke to explain
the idea and then other participants gave their opinions. We observed that this happened similarly for both co-located and remote
ones. Besides reading out loud the ideas on the notes, facilitators
of groups 2 and 5 also used questions such as “What is it?,” “What
do you think about this idea?” as a way to explicitly trigger participants to speak. For some ideas, these two facilitators also brought
up opinions opposing those of the participants about the ideas and
asked “What do you think about that?” to facilitate more discussion
among participants around those ideas. All facilitators also checked
if everyone was satisfied with the brainstorming results before ending the sessions. In addition, we observed that the facilitators of
groups 1 and 5 also used the scale-up feature of a note (by pressing
the magnifier icon) to coordinate the attention of the participants
(see Figure 6). When they wanted the participants to concentrate
on the idea of a note, they scaled up the note to make it larger than
others and scaled it down when the discussion around that idea
finished. The facilitator of group 5 also used this feature to help
participants quickly locate an idea on the brainstorming canvas
when they mentioned it (see Figure 6). As described above, in a
facilitated brainstorming session following the Metaplan method,
any manipulation on the brainstorming canvas needs to be discussed and agreed by all participants before being performed by
the facilitator. We observed that this rule was strictly adhered in
all five groups in the user study. We observed that there was no
manipulation (such as moving notes, drawing) performed by the
facilitators when there were still disagreements from participants
about that. For the manipulations that initially had disagreements
between participants, after the discussion among all participants
to come up with a final solution, the facilitators explicitly asked
participants to confirm whether they all agreed with the solution by
using questions like “Are you all OK with this?” or “So, we do like
this, right?,” while moving their hands in front of the whiteboard to
mimic the action that they were supposed to take, such as moving
a note or drawing a line.
Usage of the timeline
Three groups were using the timeline during their brainstorming
sessions. In all these groups, the timeline was used in the middle
of the brainstorming session to rewind the brainstorming canvas
to a state before the current one. The common scenario found in
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all three groups is that when not all the participants were satisfied
with the current arrangement of the note, they used the timeline to
go back to either the point before they made the arrangement or the
point when they thought the arrangement was better. In another
case, the facilitator used the timeline to quickly erase an accidental
drawing caused by a hardware problem instead of using the eraser
feature of the system. This was also because the poor sensitivity
of the hardware made it difficult for them to manually erase the
drawing. In addition, the facilitator of group 3 also browsed the
timeline to explain the changes of ideas to a co-located member
who had left the room for a phone call (as mentioned earlier).
Idea grouping strategies
We observed that a common strategy among all the groups when
grouping ideas was to draw a boundary around each cluster of
similar ideas. Four of five groups drew lines to express the linkages
between notes or clusters. Groups 1, 2, and 5 drew arrows to describe
directions of the links. The note-color changing feature was used
by four of five groups (2, 3, 4, 5) for the idea grouping purpose
in different ways. Groups 3 and 5 tended to set the notes in a
cluster into a color which was different from those of notes in other
clusters. Besides that, with group 3, we observed that within each
cluster in order to highlight the notes that were most important,
the facilitator changed their color to one that was different from
the rest in the cluster (see Figure 7a). With group 5, when two
notes in two separated clusters had connection with each other,
besides drawing links between them, the facilitator also set a new
color for them to highlight the connection (see Figure 7b). A similar
approach was also employed by group 2, using a color to illustrate
the connection of two notes which belonged to two clusters but
were related to each other (see Figure 7c). With group 4, instead of
using colors to describe the relations between notes, they used the
color changing feature to highlight the name of each group. While
the facilitators of groups 2 and 3 used the drawing tool to draw
clusters’ names directly on the canvas, group 4 dedicated one note
in each cluster to display the cluster’s name and differentiated that
note from the rest by a different color (see Figure 7d).
Usage of pointing highlighters
We observed that the pointing-highlighter feature on DigiMetaplan
Pad was extensively useful for remote participants in communicating with co-located ones. They used it to highlight a note while
explaining or discussing about it or refer to a target region while
suggesting to move a note. The highlighter was also used to visually
depict a drawing suggested by the remote participant for linking
or grouping notes. Interestingly, while co-located members of all
groups mostly used mid-air hand gestures for similar purposes, we
observed that the ones from group 1 and 3 also adopted the pointing
highlighter on their phone to achieve these as they found that it
helped the facilitators understand where they were referring to on
the whiteboard more easily.

7

DISCUSSION

The results reported here will be firstly discussed in relation to
how well DigiMetaplan supports the workflow and collaboration
dynamics of the Metaplan method. Secondly, the discussion addresses how well DigiMetaplan enables collaboration with remote
users. Emergent collaboration dynamics compared to conventional
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Figure 7: a) Grouping strategy of group 3 using note colors to differentiate clusters and highlight important ideas.
(b) Grouping strategy of group 5, using colors and drawing
to differentiate related ideas into separate clusters (see two
notes circled in red). (c) Grouping strategy of group 2, using
different colors to denote related ideas in two separate clusters. (d) Grouping strategy of group 4, using colors to highlight the notes labeling corresponding clusters.
paper-based brainstorming and other systems will also be discussed.

7.1

Metaplan on an Interactive Surface

Overall, as most of the ideas were generated in the personal phase,
we can conclude that DigiMetaplan effectively separated phases
in facilitated brainstorming. The ratios of notes generated in the
personal phase showed that the contribution of the remote participants was not affected in this phase. This can be explained by no
communication being allowed between participants in this phase,
ensuring that the creativity of each individual was not affected
by the others, regardless of whether the individual was co-located
or remote. Besides that, we believe that the design of DigiMetaplan Board and Pad might also help participants, especially the
remote ones, to avoid being distracted by the others. In fact, form
factors of surfaces, such as their size and strategic arrangements of
notes can mitigate evaluation apprehension in brainstorming. By
putting all generated notes in a pile at the bottom-left corner of the
DigiMetaplan Board and separating the note editing and overview
of DigiMetaplan Pad, participants were unable to see most of the
ideas generated by the others, reducing their hesitation in writing
down their ideas. Likewise, the use of mobile devices with small
screen sizes allowed users to privately input their ideas during the
personal phase, without the problem of evaluation apprehension.
In the idea refinement phase, since both co-located members
and remote participants were observed writing their own ideas
onto the notes, the creativity of the remote participants was not
reduced compared to co-located members in this phase as well.
We argue that this is because remote participants were still able
to monitor what was happening on the brainstorming canvas as
well as verbally and visually (through video streams and gestures)
communicate with the co-located participants. This helped them
adequately keep track of the flow of ideas, and able to follow new
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ideas. We also believe the use of small-screen devices like smartphones, which are inconvenient for viewing the brainstorming
canvas, made co-located members pay their main attention to the
shared whiteboard. This helped maintain their social communication with other participants, reflected by their high turn-taking
rate. This confirms our design assumption that using large displays
can maintain social face-to-face communication in co-located groups
better than small-size surfaces, thanks to the higher visibility of the
displayed content.
The idea refinement process of groups also benefited from the
different user interface features of DigiMetaplan. Those features
effectively facilitated workspace awareness, hence reducing team
effort in establishing common ground [21]. In fact, on a large display, typically consisting of a large amount of information, visual
effects such as difference in size and color, or movements are useful for
attracting attention, and are thus beneficial for team coordination. For
example, the scale-up feature allowed the facilitator to quickly attract the attention of participants to a note in focus, avoiding cases
where some group members might lose track of the discussion.
Similarly, when a note newly appeared on the shared workspace,
its spinning animation grasped the participants’ attention quickly
although they were focusing on other area on the large display.
Likewise, the note color changing feature and free-hand drawing
allowed users to build a map of ideas where each cluster of ideas
was easily visually distinguishable thanks to the main color of notes
in the cluster. This might also reduce users’ mental effort while
seeking for a cluster of ideas, as the topic of each cluster was colorcoded or visually bounded, hence, users might not need to read
through contents of the consisted notes.

7.2

Designing for different roles

Overall, facilitators had the highest average turn rate, the highest
average number of turns per minute and the shortest average turn
length. This suggested that aside from explaining their own notes,
they mainly acted as a bridge, switching among different members
as well as the brainstorming content and facilitating idea exchanges
among them. For example, while distributing a note and reading out
loud its content, followed by a pause, the facilitator often implied
that he wanted to know the author of the note and more explanation
on the note. The note’s author would confirm his authorship and
start elaborating more on the writing, similar as to conventional
facilitated brainstorming [39].
Habershon [22] argued that in conventional Metaplan brainstorming, by pinning notes collected from team members one by
one on a shared flipchart, the facilitator could keep the discussion
on track, avoid time-consuming wild and free details, and ensure
the team’s progress. We observed that DigiMetaplan Board also
supported this ability, as the facilitators also distributed the notes
onto the shared canvas one by one by dragging them from the pile
at the bottom-left corner. We observed that when a facilitator felt
that the team had spent too much time debating about a note, they
asked the group to choose a temporary solution and moved on, as
there were still many notes remaining, thus taking the team back to
the track. In general, direct manual interactions on a large display can
be helpful for coordination and facilitation tasks in a collaboration
with several roles. Besides that, representing contents on the display
based on their status (here: new notes are collected at a corner, while
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those already discussed are distributed in the central area), could help
users efficiently keep track of the team progress.
The timeline feature was also effective for facilitation. It provided
the facilitator a tool to help the group explore different alternatives
for idea refinement from the past to the present and thus triggered different perspectives on the information, which is necessary
for distilling ideas [26]. Besides that, by easily browsing through
the history of the brainstorming session, the facilitator could also
quickly establish a shared understandings among the participants
on the process, which is an important outcome of brainstorming
activities [30, 45]. On the other side, pointing highlighters were
an effective tool to support non-facilitator members, especially
the remote participant, in expressively communicating their ideas
while not violating the role of the facilitator in manipulating the
brainstorming contents on the whiteboard.

environment. We illustrated how different properties of interactive
surfaces contributed to supporting the Metaplan method. Although
there are already existing commercial digital tools for brainstorming
such as Stormboard 1 , these generic solutions, however, do not
offer support for the highly structured facilitated process and the
intricacies of role switching involved. As facilitated brainstorming
like Metaplan is still widely used in the corporate world but limited
in paper-based co-located settings, we believe that tailor-made
solutions to digitize such techniques are needed to enable remote
collaboration and capitalize on the possibilities offered by the use
of multiple interactive surfaces. DigiMetaplan thus serves as one
of the early endeavours exploring these venues, providing initial
insights on digital supports for facilitated methods in collaborative
creative problem-solving, which can be further investigated in the
future with different design choices and experiment setups.

7.3

7.4

Collaboration in a multi-surface context

We observed that DigiMetaplan offered the teams interaction benefits thanks to the use of multiple surfaces. For example, we observed
that team members used pointing highlighters via their phones to
help the facilitator quickly identify a note or a cluster of notes that
they were looking for. Or they also used the highlighter to visually
attract the attention of the facilitator when he/she was busy operating on the notes and potentially overlooking someone. Compared
to conventional Metaplan sessions where team members usually
need to raise their hand or a pen, this feature helped facilitators
not to miss these signals, even when facing the brainstorming canvas. In addition, in DigiMetplan, participants could simultaneously
input ideas using their mobile devices, however the ideas will only
receive attention of participants and be discussed when the facilitator drags them out of the idea pile. Compared to conventional
Metaplan, we believe that this will also cause less distraction and
interruption of the facilitator, as the team members do not need to
physically hand in their notes. On the other hand, while most of
co-located members and remote participants were satisfied with
the features of DigiMetaplan Pad, some suggested that in certain
scenarios it would be more convenient for the team if they could
use their mobile devices to aid the facilitator in manipulating an
object on the shared workspace that was out of their reach. Taking
this into account, we can consider to allow the facilitator to grant
team members temporary accesses to manipulate the shared canvas
if needed, using seamless interaction techniques such as collaborative gestures [32, 36]. Regarding the relatively reduced verbal
communication of remote participants compared to co-located ones,
we argue that this could be caused by the limitations of the video
conferencing solution used in the study. The window of the remote
participant’s video stream appeared relatively small at a corner on
the whiteboard showing only their head but not their body parts
such as hands to adequately convey their bodily gestures. This
might make their presence dismissed by co-located participants
especially in intense discussions, and thus they tended to talk less.
Future works can address this by integrating video streams into the
system and providing them with certain animations based on the
activeness in the remote participants’ audio signal to better attract
the attention of the co-located ones.
Overall, it can be concluded that we successfully translated the
concepts employed in the analogue Metaplan to a multi-surface

Limitations

As our study mainly focused on investigating how users utilized
DigiMetaplan’s features in their collaboration, the brainstorming
topics of the groups were not necessarily comparable, as ensuring
participants’ engagement was more important. Likewise, quantitative analyses on generated notes and turn taking were performed
on relative ratio values rather than absolute ones, not significantly
influenced by choice of topic. Non-significant quantitative analyses
might be influenced by the relatively small sample size. Additionally, more studies of other distributed team settings such as 3-1-1,
3-1-1-1 or even fully distributed team are needed to explore further
design considerations for facilitated brainstorming.

8

CONCLUSION

Facilitated brainstorming has been shown to improve team efficiency in collaborative creative problem solving by offering a
structured process that guides team collaboration, stimulates interactions among team members, and eliminates time-consuming
distractions. However, it is still limited to conventional paper-based
and co-located settings, as existing digital collaboration systems
have not yet provided support for role separation and phase shifting, important to highly structured collaboration. To address this,
we designed DigiMetaplan—a system that specifically supports
facilitated brainstorming, both in co-located and remote settings.
The design rationale was derived from the literature and the wellestablished practices of a representative facilitated brainstorming
method called Metaplan. DigiMetaplan is suitable not only for colocated groups, but is designed to support remote individuals in
distributed facilitated brainstorming.
We conducted a user study with five 3-1 groups to evaluate the
usability of DigiMetaplan. The study showed that DigiMetaplan
effectively supported groups in performing collaborative problem
solving using the Metaplan method as it allowed participants to
generate ideas without evaluation apprehension, coordinate communication in the team, and conveniently refine generated ideas.
We also observed that different roles in the Metaplan method were
effectively reflected in DigiMetaplan’s features as it supported participants to perform their assumed roles in the collaboration. We
hope that our research will inspire further inquiries into how hybrid
teams can be supported to collaborate effectively.
1 https://stormboard.com/
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