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ABSTRACT
Online crowds can help infuse creativity into the design pro-
cess, but traditional strategies for leveraging them, such as
large-scale ideation platforms, require time and organizational
effort in order to obtain results. We propose a new method
for crowd-based ideation that simplifies the process by having
smaller crowds join in-person ideators during synchronous cre-
ative sessions. Our system Crowdboard allows online crowds
to provide real-time creative input during early-stage design
activities, such as brainstorming or concept mapping. The
system enables in-person ideators to develop ideas on a physi-
cal or digital whiteboard which is augmented with real-time
creative input from online participants who see and hear a live
broadcast of the meeting. We validate Crowdboard via two
user studies in which dyads of in-person ideators brainstormed
with the help of crowd ideators. Our studies suggest that
Crowdboard can effectively enhance ongoing brainstorming
sessions, but also revealed key challenges for how to better
facilitate interactions among in-person and crowd ideators.

ACM Classification Keywords
H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous

Author Keywords
Creativity Support Tools; Brainstorming; Crowdsourcing.

INTRODUCTION
Creativity is a social process. Contrary to the “lone genius”
myth, recent studies point out that innovation is more likely to
arise through combinations of ideas from collaborating indi-
viduals with a diverse set of viewpoints and experiences [26,
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Figure 1. Crowdboard 2.0 (studio interface). In-person ideators write
or sketch ideas on virtual sticky notes and get real-time creative input
on their ideas from crowd workers who see their activity and who con-
tribute to the creative discussion. Crowd workers can add their ideas
either to chats attached to specific notes or to a general chat.

35, 39]. Based on this consideration, researchers have recently
investigated a variety of techniques for crowd-based ideation
[4, 9, 10, 41]. A number of large-scale ideation platforms have
been developed to create spaces where people contribute ideas
to help solve challenging problems. The guiding principle
is to build up a large pool of ideas from which a few good-
quality ideas can be extracted. This asynchronous large-scale
approach to crowd-aided ideation has some limitations, how-
ever. For example the quality of individual ideas is generally
poor [13]. Many obvious ideas are also proposed multiple
times, due to the lack of coordination among crowd members
[33]. Furthermore, a great amount of time is required to select
the best ideas [37].

In-person ideators who may want to leverage the crowd to
boost an early-stage idea would be subject to these and other
limitations. In particular, they would need a great amount of
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time to collect and filter the crowd-generated ideas, before
iterating on them. Also, the asynchronous large-scale inno-
vation format does not allow interaction between crowds and
those who proposed the creative topic. Because of this, the
conversation cannot be shaped by new perspectives opened by
idea submissions that have already been collected, and impor-
tant opportunities may be missed. Although researchers have
explored various strategies to address the quality problem and
to help crowds produce better ideas in a more efficient way
[11, 33, 41], the issues caused by the lack of interaction be-
tween crowds and in-person ideators still persist. In this work,
we explore this design opportunity and propose a different
crowd-based ideation paradigm in which in-person and crowd
ideators work together in real-time.

We develop a method by which in-person ideators can elicit
synchronous creative input from dozens of nonexpert crowd
workers who are recruited on-the-fly to help the ideators gener-
ate solutions to challenging problems. The proposed approach
may benefit both in-person and crowd ideators. The crowd’s
creative and diverse input would help in-person ideators to
avoid missing important opportunities in early design stages
where the cost of a large deviation from an initial idea is not
prohibitive. One promising strategy for team support during
brainstorming is to provide different sources of inspiration
through context-aware provocative stimuli [3, 38]. Nonexpert
crowds could provide a more effective source of inspiration
through a better-contextualized and more creative input. Fur-
thermore, crowds could be able to contribute to the discussion
with original ideas. In-person ideators would lead the con-
versation and act as facilitators, which might help crowds
generate more high-quality ideas [11]. Cognitive theories of
idea generation suggest that the active exchange of knowledge
could be beneficial as it causes mutual stimulation of associa-
tions [32]. However actions need to be taken to mitigate the
effect of negative social processes [12]. In this context the risk
of evaluation apprehension may be lower since designers and
online crowd worker are less likely to know each other.

In this work we make the following contributions:

1) We develop a method for ideation in which colocated
ideators brainstorm together with dozens of nonexpert crowd
workers who are recruited on the fly. We embody this idea in
the Crowdboard system, a (physical or digital) whiteboard that
allows online crowds to see and hear an ongoing brainstorming
session and to contribute by sending ideas or inspirations to
the workspace that the crowd shares with the people hosting
the discussion. We describe the iterative design process of
Crowdboard.

2) We describe two laboratory experiments to understand how
real-time input from nonexpert crowds can support in-person
ideators. In Study 1 we informally investigate the feasibil-
ity of the Crowdboard idea for supporting early stage design
sessions in real-time. We learned that crowd members can
understand the conversation and successfully provide their cre-
ative input and that in-person ideators value real-time crowd
input and incorporate it into their discussions. In Study 2 we
go a step further by investigating whether real-time input from
nonexpert crowds leads to improved brainstorming productiv-

ity/outcomes. Our results showed that participants generate
more creative ideas over time using Crowdboard compared to
using the whiteboard without a crowd.

BACKGROUND

Crowdsourcing in the design process
Many have explore the potential of using online crowds to
help solve complex [7] and creative problems [21, 22, 24]. For
example, Dow et al. [13], explored the use of crowdsourcing in
the classroom to contribute at different stages of the innovation
process, such as needfinding, ideating, testing, and pitching.
CrowdCrit [28] leveraged paid crowdsourcing to generate and
visualize high-quality visual design critique. Voyant gave users
access to a nonexpert crowd to receive structured feedback on
the perceptions of their designs from a selected audience [40].
Crowd vs. Crowd (CvC) [31] used competitions between
crowd teams, led by a designer, to crowdsource the entire
design process. One limitation of these systems was that they
focused on asynchronous interactions and highly structured,
iterative, tasks. Other approaches [25] leveraged real-time
crowd workers for creating prototypes, but were limited by the
lack of communication among involved parties. In contrast
in this paper, we explore how creative idea generation tasks
can be accomplished in-real time by collaborating teams of
in-person and crowd ideators.

Supporting effective idea generation
In-person brainstorming [30] is a popular technique for collab-
orative idea generation in organizations. A popular practice
in brainstorming is to write ideas on sticky notes and apply
them on large surfaces such as walls or whiteboards. The
contents on the walls can then be easily rearranged, regrouped
or replaced as needed. However physical tools have their lim-
itations. For example it is difficult to update physical notes,
to keep track of different workspace modifications, and to
transfer content to permanent storage for later analysis. To
overcome the limitations of physical tools while providing
the advantages of large surfaces, many computer-based in-
terventions for brainstorming (and creative collaboration in
general) have explored the use of digital whiteboard and table-
top systems [15, 16, 17, 18, 23]. Those systems allow fluid
collaboration among ideators and easy interaction with gener-
ated ideas, but they often provide little support for cognitive
stimulation. Our work extends prior work on digital white-
board systems by augmenting the workspace used by in-person
ideators with novel inspirations and ideas that are generated in
real-time by nonexpert crowds who are recruited on-the-fly.

Other computer-mediated interventions provide users with
context-aware stimuli to help spark novel associations. For
example Idea Expander supports group brainstorming by in-
telligently selecting pictorial stimuli based on the group’s con-
versation [38]. Similarly InspirationWall [3] uses automatic
speech recognition to monitor users’ discussions and automat-
ically suggests keywords to support idea generation. Although
those approaches attempt to intelligently provide inspirations
based on the topic currently being discussed, automated meth-
ods have limited intelligence. In contrast, with Crowdboard
we leverage the collective intelligence of real people (who



listen to the discussion and contribute with context-aware and
creative input) by bringing a level of personalization, improvi-
sation, and even playfulness that is still out of reach for even
the best automatic approaches.

Leveraging crowds for ideation
The idea to leverage the wisdom of the crowd [36] in idea
generation is not new. The typical approach is to maximize
the quantity of generated ideas and to then select a few quality
ones [9]. However the quality of individual ideas is generally
poor and the selection of the best ones is very costly. For
example, for its “10 to the 100th” project, Google had to recruit
around 3000 employees for the selection process, pushing the
project more than 9 months behind schedule [37]. Those
limitations raise doubts about the efficiency of the approach
and have prompted researchers to find ways to improve the
quality of crowd-generated ideas. IdeaHound intervened by
helping crowds find inspirational ideas from a large pool of
ideas [33]. Yu et al. [42] used nonexperts to identify distant
domains that have the potential to yield useful and non-obvious
inspirations for solutions. Those domains are then used to find
inspirational examples that can be adapted to solve the original
problem. Chan et al. used abstracted solution paths to inspire
crowds and studied how various sense-making approaches
affect crowd ideation [10]. With IdeaGens experts monitored
incoming ideas through a dashboard and offered high-level
inspirations to guide ideation. Controlled experiments showed
that experienced facilitators increase the quantity and creativity
of workers’ ideas more so than unfacilitated workers do [11].

In our work, we abandon the asynchronous large-scale ideation
paradigm and the quantity-over-quality approach. We involve
smaller crowds but aim to maximize quality rather than quan-
tity by leveraging real-time collaboration. One of the main
interventions proposed in this work is to virtually bring crowds
into the design studio, and have them join the team of in-person
ideators. Unlike other approaches that have a separation be-
tween crowd and in-person ideators (who can only interact
offline), Crowdboard allows for the active exchange of ideas
between parties, during a synchronous idea generation session.
Crowd and in-person ideators have complementary strengths.
A beneficial attribute of the crowd is the diversity of its ex-
pertise and ideas. Providing diverse ideas could inspire the
in-person ideators. The crowd also brings the perspective
of “outsiders” (not fixated on what has already been done),
which complements the in-person group’s context. On the
other hand in-person ideators can benefit from face-to-face
interactions and more sophisticated tools. They can also lead
the discussion, which can improve crowd performance [27].
To our knowledge Crowdboard is the first system that com-
bines those complementary strengths by having crowd and
in-person ideators joining forces in the same synchronous
creative session. However, synchronous interactions bring
their own challenges: in in-person brainstorming, various
social processes (such as production blocking, evaluation ap-
prehension, social loafing) can lead to significant productivity
losses [12, 43]. While electronic brainstorming systems have
mitigated some of these concerns (e.g., reducing production
blocking with parallel idea entry [43]), these systems have
much smaller group sizes (on the order of 10 or so members),

Figure 2. CrowdBoard 1.0 (studio interface). A physical whiteboard is
augmented with crowd ideators’ comments projected onto the physical
board.

Figure 3. CrowdBoard 1.0 (web interface). Crowd ideators see a list
of design conversations (upper left) and the whiteboard activity (right).
They can leave comments that, in turn, are projected onto the physical
board.

who are typically either all in the same room or remote, and
typically homogeneous in terms of level of expertise, com-
pared to our envisioned hybrid in-person and crowd teams.
The increased team size, heterogeneous expertise, and hybrid
in-person/remote dynamics yield unique challenges which we
address in our iterative design work.

CROWDBOARD 1.0
Integration with Physical Design Studio
Our first version of Crowdboard allows in-person ideators
to leverage creative crowd input while working together in a
physical studio. Crowdboard’s in-studio components comprise
a traditional whiteboard, a webcam, a projector, a Microsoft
Kinect, and a laptop. Real-time interaction is supported by a
web-server, which is responsible for storing the system state
and synchronizing the clients.

When the system is active, the crowd sees a video stream of
the whiteboard and hears audio from the designers. In-person
ideators draw on the whiteboard with regular markers and in-
teract with the projected crowd comments using touch gestures
(Figure 2). The crowd-generated discussions are positioned on
the whiteboard in contextually-appropriate locations, allowing
the conversations to specifically refer to the content drawn on



the board. Each discussion thread displayed on the board has
a title and one or more comments from the participants. In-
person ideators can expand or collapse the discussions using
tap gestures and move them around by tapping and dragging
the discussion markers.

Interactions among the crowd workers
Crowd workers interact with the team using the web inter-
face (Figure 3). The right panel contains a synchronously
updated view of the studio whiteboard. Workers can create
a new discussion thread at a particular position on the board
by double-clicking. They can also expand an existing thread
and then add to the discussion. The left panel contains a list of
the current discussion threads, the controls for the live audio
broadcast of the meeting, and a list of other workers.

STUDY 1: CROWDBOARD’S FEASIBILITY
In Study 1 we informally investigate the feasibility of the
Crowdboard idea for supporting early stage design sessions in
real-time. We aim to understand: 1) whether crowd members
understand the conversation and successfully provide creative
input; 2) whether teams value this real-time crowd input and
incorporate it into their discussions.

Participants
Via social media and the university’s behavior research par-
ticipant pool, we recruited five teams of 2-3 design students
(12 total) who had a range of design experience. We also
recruited 90 online participants from Mechanical Turk. The
online participants were mainly Americans (65%) and Indians
(31%), and they ranged from 19 to 68 years old (average: 33);
59% were male, and 39% were female. They represented
a wide range of occupations (firemen, librarians, managers,
etc.), but a majority were in the IT (24%) or education (13%)
fields. We tried two approaches from the literature for recruit-
ing crowds that would be available at a predetermined time.
For our first 3 trials, we recruited workers in advance (30,30,
and 45 workers, respectively), and we asked them to return at
a set time [8]. This yielded 8, 11, and 12 workers, respectively.
For our fourth and fifth trials, we began recruiting workers
immediately before our task so as to have a larger pool [6],
and this resulted in 33 and 26 participants respectively.

Procedure
We conducted two long brainstorming sessions of about 35
minutes each, and three short sessions of 15 minutes each. The
design brief asked each team to discuss and create a concept
map for the idea of traveling to a foreign country. After each
session, we asked both the teams and the crowds to fill out a
survey. We also interviewed the in-person ideators to get a
better understanding of their thoughts about the experience.

Results
In each session, the teams started discussing the system func-
tionality and the design aspects for the problem in question,
and then they started generating a concept map. Meanwhile,
crowd workers followed the conversation, and added annota-
tions and comments to the virtual whiteboard. In the design
studio, the teams noticed the new annotation icons as they

were projected on physical whiteboard, and they saw the is-
sues raised by online participants. The in-person ideators and
the crowds continued to work together to fill the whiteboard
with comments, ideas, and potential solutions.

Effectiveness of collaboration
We conducted a video analysis of the sessions and coded the
following events: 1) An in-person ideator reads a comment
aloud; 2) An in-person ideator adds an idea or potential so-
lution to the concept map; and 3) An in-person ideator adds
an idea or potential solution to the concept map as a direct
consequence of a crowd comment.

The following examples give an idea of how we counted the
crowd contributions:

Crowd participant CP18 comments “I love the idea of
turning it into a game”. In-person participant P4 then
reads that comment aloud and adds “Game” to the con-
cept map.

Crowd participant CP11 comments “You can turn it into
a game to collect all the experiences...”. P4 reads the
comment aloud and adds, “Role Playing scavenger hunt”
to the concept map near “Game”.

Figure 4 shows the number of crowd contributions that were
added to the concept map. We observed that Crowdboard
greatly affected the design conversation. In our experiments,
on average, 35% of the ideas generated in each session came
from crowd input (SD = 11%), a rate of 0:56 ideas per minute
(SD = 0:23).

Interviews with the in-person ideators who participated in the
longer sessions suggest that they considered the crowd input
beneficial. They confirmed that crowd participants helped
generate ideas: “I was relying a lot on the crowd” [P4]; “I
think the conversation was good... People all had good opin-
ions” [P1]. In the shorter sessions, however, the in-person
and crowd participants generally complained about the lack
of time, which suggests that longer sessions are necessary for
better discussions. Participants in particular felt overwhelmed
by the large number of comments coming in such a short time.
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Figure 4. Experiment 1 - CrowdBoard 1.0. Number of ideas an potential
solutions added to the concept map. The light blue represents the num-
ber of ideas and potential solutions added as a direct consequence of a
crowd comment.



Crowd feedback
The post-session surveys asked the crowd members to assess,
using a 1–10 scale (with 10 being the best) the extent to which
1) they understood the conversation; 2) they felt the team had
acknowledged their input; 3) the team adopted their ideas. The
results were 1) M = 7:84; SD = 1:92; 2) M = 6:83; SD =
2:68; and 3) M = 6:53; SD = 2:68; Those results suggest that
Crowdboard made the crowd members feel like their voices
had been heard.

To get a better understanding of the crowd experience, we
conducted a content analysis on the open-ended feedback from
the crowd workers and identified 4 main themes. About 36%
of workers felt like their voices had been heard, confirming
our intuition. The following are examples of comments coded
with that theme:

“It felt rewarding to get feedback and see our ideas being valued as
potentially important” [CP16]

“I enjoyed hearing everyone’s opinions and felt like everyone’s opinions
were valued by those who were hosting the chat...” [CP34]

Another theme that emerged from the analysis was that the
system made the crowd workers feel that they were part of the
conversation with the in-person ideators. About 70% of the
workers mentioned this theme:

“The session was engaging, I felt the team spirit despite the distance.”
[CP50]

“I felt like I was very much a part of the conversation as I saw some of
the ideas/suggestions I had being addressed.” [CP72]

“It was like being part of the team.” [CP69]

Furthermore, most crowd workers (about 59%) showed enthu-
siasm about the experience:

“I really enjoyed the experience...I had fun, and felt as if my time was
well spent...” [CP76]

“I really enjoyed the experiment. I was a little sad when it ended. I felt
like I was impacting others in a positive way.” [CP15]

“Best HIT I’ve done on mTurk. I felt as if I was actually in the room
and enjoyed contributing to the conversation.” [CP38]

Although crowd workers reported that the general experience
was positive, some workers also reported that they did not feel
that they had any impact on the conversation because their
input was not acknowledged or because they did not manage
to provide novel contributions because of the great amount
of ideas that other participants had already generated. About
19% of the workers felt overwhelmed by the excessive number
of comments.

Discussion
Perception of crowd input
The results from Study 1 suggest that generic crowds can be
successfully engaged in synchronous design discussions with
local team members. They also suggest that the teams valued
the crowds’ input, with a large percentage of crowd-generated
ideas included in the final mindmap.

Reliability of crowd workers
Though online crowds of workers can often include workers
who either intentionally or unintentionally provide problematic

input, we observed no clear instances of this. One possible
explanation is that this is a result of the visible, synchronous
interaction with end users. Additionally, only 20% a workers
left the task before it was complete, which is exceptionally
low for Mechanical Turk workers given the length of the task.
This suggests that Mechanical Turk workers can be reliable
for this kind of synchronous experiments.

Design implications
The lessons learned from the study have several design impli-
cations:

� Crowd acknowledgment. In Study 1 teams that took great
care in trying to engage the crowd throughout the entire ses-
sion, such as by talking with them instead of just talking to
each other, had better crowd engagement and participation
than the groups that did not do so. This suggests that actions
need to be taken to ensure adequate crowd acknowledgment.

� Limitations of depth-camera sensing. Lighting conditions
can greatly affect the quality of interaction with projected
crowd comments. Techniques based on depth-sensing cam-
eras may lack the necessary robustness and could thus lead
to poor interaction. Additionally, occlusion problems can
occur, making the detection of touch events impossible. In
Study 1, we used a “Wizard-Of-Oz” technique to provide
smooth interaction with projected elements, as our goal was
not to perform a proper test of the system, but rather to
investigate the feasibility of the Crowdboard idea. However
the touch interaction problem needs to be addressed before
systems like Crowdboard can be accepted in the real world.

� Notifications. A good notification system is needed to take
full advantage of crowd input. In Study 1 the in-person
ideators missed many relevant crowd comments. A divi-
sion of roles between in-person ideators helped mitigate
the issue. For example, in the second session one team
member decided to continuously monitor the crowd input
while the other team member led the discussion and added
ideas to the whiteboard. This method helped make the team
productive (see Figure 4). However a better notification
system is needed. The challenge is making notifications as
unobtrusive as possible while maintaining their effective-
ness. Using audio or other prominent notifications may be
too overwhelming for in-person ideators considering the
large amount of events that the system generates.

� Crowd recruitment, assignment review, and payment. A
time-consuming phase in each Crowdboard session con-
cerns the management of crowd work. To save time and
make Crowdboard accessible to users with no experience in
crowd management, an integrated system would be needed.
This would allow users to manage operations such as re-
cruitment, task review, and payment with just a few clicks
from the main interface.

� Maintaining context consistency. In Crowdboard 1.0 crowd
workers could create new discussion threads at specific X-Y
locations on the board so that they could refer to a specific
idea. Threads (and associated comments) would in turn
be projected in the physical board on the design studio.
A limitation of such an approach is that when an idea is



Figure 5. CrowdBoard 2.0 (studio interface). a) Left panel: General chat. b) Main panel: White canvas where users can draw with IR-pens and erase
with barcode-based erasers. This area can contain virtual sticky notes, which are created with special barcode-based tools. c) A virtual sticky note in
edit mode. d) A virtual sticky note and its associated chat. e) The menu for accessing session- and crowd-management widgets.

erased and added back to another location on the board,
the corresponding discussion threads do not follow that
action. In such cases the user is responsible for moving the
thread accordingly to maintain consistency; this operation
can distract from the main task. Future iterations of the
interface need to take into account the need to maintain
context consistency.

CROWDBOARD 2.0
Based on the lessons learned in Study 1, we decided to iterate
and redesign Crowdboard. The goal was to bring Crowdboard
to its full potential so that real-time crowds’ effects on ideation
could be formally studied.

A digital whiteboard with a crowd inside
Taking into account the design implications from Study 1 we
decided to develop Crowdboard 2.0 using a big touchscreen
composed of three 55” modular MultiTaction Cells [29]. The
screen uses a vision-based technology that allows the tracking
of unlimited touch points, including hands, fingers, fingertips,
2D barcodes, and IR-pens, via the TUIO protocol [20, 29].
This design choice allows in-person ideators to overcome the
limitations of depth-camera sensing. One of the main benefits
of Crowdboard 1.0 – the possibility to use traditional tools
such as regular markers – is also preserved in Crowdboard
2.0, which provides good approximations of the real tools in
IR-pens and barcode-based tools (Figure 6). We designed
Crowdboard 2.0 to be a stand-alone system that people with
no crowdsourcing experience could use. We used the API
from Amazon Mechanical Turk to enable crowd recruitment,
assignment reviews, and payment from the main interface.

Studio interface
The studio interface is depicted in Figure 5. The interface is
divided into two main areas: the left panel (Figure 5a) and the
main panel (Figure 5b).

The main panel is a white canvas where users can freely draw
and erase using IR-pens and barcode-based erasers (Figure 6).
Special barcode-based tools (Figure 6) allow the ideators to
create virtual sticky notes. In normal mode, these notes can
be freely moved and arranged on the workspace. Tapping
on the bottom-right corner of a note brings up edit mode
(Figure 5c). When in this mode, the notes expand to allow
for easier handwriting and/or sketching. Buttons on the lower
part of the note allow the user to change the background color
or delete the note. On the top part of the note, the “undo”
button can be used to cancel the last action that occurred on
the note, and the “shrink” button can be used to save the note
and exit edit mode. When a note is created, a new chat is
also generated and attached to that note (Figure 5d). The chat
serves as a bucket for crowd ideas and comments that build
on what is written on the note. The numbers shown on the top

Figure 6. CrowdBoard 2.0 tools: IR-pens for drawing and barcode-
based tools for erasing and creating virtual sticky notes.
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