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Figure 1: To integrate the advantages of group and individual brainstorming, the proactive AI mediator in GraftMind facilitates
real-time idea sharing across private workspaces through three types of assistance. (a) Leveraging relevant ideas from other
group members to provide persistence assistance. (b) Utilizing divergent ideas from others to offer flexibility assistance. (c)
Recommending the most distinctive idea that differentiates the current member from the rest.

Abstract
In group ideation, whether participants should ideate collabora-
tively or individually remains controversial. Collaborative ideation
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enables synergy, whereby creativity is stimulated through inspi-
ration from others’ ideas; yet it also introduces evaluation appre-
hension, which can inhibit creativity due to fear of judgment. In
contrast, solitary ideation mitigates evaluation apprehension but
cannot foster synergy. Existing hybrid approaches have attempted
to alternate between the two modes to balance their strengths,
but it remains underexplored how to simultaneously integrate the
advantages of both settings.

Therefore, we developed GraftMind, a system that enables users
to ideate in private workspaces while an AI mediator proactively
leverages collective ideas to provide real-time ideation assistance.
The results of a user study demonstrate that GraftMind enhances
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group ideation performance; it not only enables synergy but also
alleviates evaluation apprehension. Our �ndings underscore the
potential of this novel group ideation setting.

CCS Concepts
ˆ Human-centered computing ! Collaborative and social
computing systems and tools ; Interactive systems and tools .
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1 Introduction
Group brainstorming [65] and individual brainstorming [31] are
two common settings in group ideation. Group brainstorming sug-
gests that group members ideate together in a public workspace,
and each person's ideas are shared with others in real time. In con-
trast, individual brainstorming suggests that group members �rst
perform solitary ideation in private workspaces and then combine
their ideas.

Both group and individual brainstorming have their own strengths
and weaknesses [25]. When group members ideate collaboratively,
seeing others' ideas may spark new thoughts that would other-
wise not have emerged; such synergy [17] can e�ectively enhance
group creativity. However, while others' ideas can be inspiring,
they can also introduce factors that impair performance, such as
evaluation apprehension [9]. When ideas are shared in real time,
individuals naturally anticipate how their contributions might be
judged. Concerns about potential criticism may cause individuals to
withhold their ideas [20], restrain thinking in novel directions [95],
and conform to ideas already expressed by others [68]. To miti-
gate these process losses, some practices recommend that group
members ideate solitarily within private workspaces. In this indi-
vidual brainstorming setting, each member �rst generates ideas
alone and then combines their ideas [78]. During solitary ideation,
people can explore ideas more freely, often resulting in a larger
number of ideas [86]. However, this does not necessarily improve
overall idea quality, particularly in terms of originality [48]. This
is because, although individual brainstorming reduces the process
losses of group brainstorming, it also removes important process
gains. Without interacting with others' ideas during the ideation
process, individuals cannot bene�t from the synergy that typically
arises in group brainstorming [49].

The Human-Computer Interaction (HCI) community has been
exploring hybrid approaches that could integrate the strengths of
group and individual brainstorming [38]. Most existing hybrid meth-
ods adopt a similar approach in which groups alternate between
group brainstorming and individual brainstorming [44]. From a
broad perspective, such designs combine the advantages of both
modes. However, they still con�ne groups to a binary choice be-
tween group and individual brainstorming at any given moment [24].

Therefore, there remains potential to explore new methods that
allow the bene�ts of both settings to be accessed simultaneously.

In this paper, we seek to explore a novel group ideation setting
that integrates the strengths of group and individual brainstorm-
ing. In recent years, a growing body of research has investigated
how AI can support group ideation. Concepts such as AI ideation
partners [83] and group mediators [3] have demonstrated strong
potential to improve individual creativity [72] and collaborative
engagement [52]. We argue that such techniques can also play a
valuable role in facilitating real-time idea sharing during individual
brainstorming. By doing so, the group may bene�t from synergy,
as in group brainstorming, while experiencing lower levels of eval-
uation apprehension.

Building on this motivation, we developedGraftMind, a system
that enables users to ideate in private workspaces while an AI me-
diator proactively leverages collective ideas to provide real-time
ideation assistance. Drawing inspiration from the dual-pathway
theory of creativity stimulation [63], the system provides two types
of proactive assistance: (a) Persistence assistance: The system iden-
ti�es an idea from other members that is most similar to the user's
current idea, then generates a deepening suggestion based on this
paired relationship to support the elaboration and re�nement of
the idea. (b) Flexibility assistance: The system selects an idea from
other members that is most distinct from the user's current ideas
and synthesizes it into an alternative perspective that broadens
the user's thinking. In addition, to address the practical issue of
idea duplication during solitary ideation [48], GraftMindintroduces
the third type of assistance: (c) Diversi�cation recommendation:
The system detects the user's idea that di�ers most from those of
other members, marks it with a subtle hint, and encourages the
user to further explore this direction to prevent duplication. All
three types of proactive assistance are conceptualized through a
carrier-pigeon design metaphor and are embedded directly within
the digital whiteboard interface. The interaction includes two steps:
users �rst see a small pigeon icon, and the detailed content is re-
vealed only after voluntarily clicking on it. This design maintains an
experience consistent with conventional electronic brainstorming
systems while minimizing the intrusiveness of proactive assistance.

Through GraftMind, we aim to examine the e�ectiveness of
the new group ideation setting. Speci�cally, we investigate the
following research questions:

� RQ1: Ideation Performance. How might GraftMinda�ect
group ideation performance? Whether it could enable group
members to generate ideas with higher quantity and quality?

� RQ2: Synergy.How mightGraftMinda�ect synergy? Whether
it could enable group members to gain inspiration from and
build upon one another's ideas?

� RQ3: Evaluation Apprehension. How might GraftMind
a�ect evaluation apprehension? Whether it could encourage
group members to express their ideas more freely?

To address these research questions, we conducted a between-
subjects user study. Participants performed group ideation using
GraftMindor a control system that o�ered a shared digital white-
board for conventional group brainstorming. A total of 60 partici-
pants (28 undergraduate students and 32 graduate students) were
evenly divided into the two conditions based on academic level.
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Within each condition, participants were randomly assigned to ten
groups of three people. Each group then completed a 20-minute
ideation task on a given topic. Note that even with the same study
protocol, the control group was run later than the experimental
group, so condition assignment was not fully randomized.

Our results demonstrate thatGraftMind e�ectively supports
group ideation. Compared to participants in the control condition,
those usingGraftMindexhibited higher levels of ideation activity,
generated a greater number of ideas, and achieved higher idea
quality as measured by originality. Scores on the synergy perception
and evaluation apprehension scales also indicated thatGraftMind
fosters group synergy while alleviating evaluation apprehension.

In summary, this paper makes the following contributions.

� We proposed a novel group ideation setting that enables
users to ideate independently while accessing AI-mediated
collective ideas.

� We developedGraftMind, a system that enables users to
ideate in private workspaces while an AI mediator proac-
tively leverages collective ideas to provide real-time ideation
assistance.

� A user study with 60 participants evaluated the e�ectiveness
of GraftMind. Analysis of interaction logs and related scales
indicated that this setting can enhance group ideation per-
formance relative to conventional group brainstorming. It
enables synergy while alleviating evaluation apprehension.

2 Related Work
2.1 Two Brainstorming Choices in Group

Ideation
Group brainstorming is one of the most widely used approaches
in group ideation [30, 74]. Its origins can be traced back to the
mid-20th century, when Alex Osborn introduced the principles of
freely expressing ideas and delaying judgment [65, 75]. During col-
laborative ideation, groups can bene�t from various process gains,
including synergy and social facilitation [18]. Synergy, similar to
what Osborn described as piggybacking [65], is often considered the
most fundamental source of group performance improvement [18].
It refers to the phenomenon in which the idea of one participant
triggers new ideas in another. Through this mechanism, group mem-
bers can activate relevant knowledge, gain new perspectives, and
ultimately enhance creativity [62]. However, alongside these gains,
group brainstorming is also susceptible to factors that impair per-
formance. For example, evaluation apprehension [95] represents
a contrasting e�ect of synergy. When ideating together, partici-
pants may withhold ideas because they fear negative evaluation
from others [82]. This may inhibit individuals from persisting in
their unique thinking [95] and ultimately undermine group creativ-
ity [ 20]. To alleviate evaluation apprehension, some studies have
examined the impact of anonymity on idea generation [40, 70], but
most have reported little improvement in group performance [18],
as measured by idea quality [13] and participants' engagement [27].
Pinsonneault and Heppel [69] explain that simply hiding partic-
ipants' names does not fully create a sense of anonymity, since
individuals still associate themselves with the ideas they generate
and remain concerned about how those ideas may be evaluated.

To avoid such process losses in group brainstorming, researchers
have reconsidered having group members do individual brainstorm-
ing [33, 80]. This method allows individuals to think more freely
and independently. However, this bene�t comes at the cost that
participants losing the opportunity to gain real-time inspiration
from others' ideas [42]. Moreover, individual brainstorming can-
not prevent duplication during separate work and often leads to
redundant e�orts on the same idea [48]. This trade-o� explains
why individual brainstorming often leads to a greater number of
ideas [86], yet shows no signi�cant improvement in the overall
quality of group output [48].

The HCI community is exploring hybrid brainstorming methods
that combine the strengths of group and individual brainstorm-
ing [38, 67]. Such approaches aim to reduce evaluation apprehen-
sion while still allowing groups to bene�t from synergy. Most exist-
ing hybrid brainstorming methods follow Rossiter's guideline [78],
in which groups alternate between group and individual brainstorm-
ing [44]. However, these hybrid approaches place the two modes
side by side instead of integrating them into a cohesive structure.
At any given moment, participants remain constrained to either
group or individual brainstorming. What remains underexplored is
a hybrid setting that moves beyond the traditional dichotomy. Such
a setting would allow synergy to emerge as in group brainstorming,
while mitigating evaluation apprehension in a manner similar to
individual brainstorming.

2.2 Integrating AI in Group Ideation and
Existing Challenges

An increasing body of research has investigated how AI can be
integrated into group ideation processes [26, 80]. Using AI to gen-
erate ideas provides a direct way to increase group ideation per-
formance [61, 81]. However, growing concerns about cognitive
dependence on AI [45] have shifted recent research toward more
supportive roles for AI. Instead of providing fully formed ideas, con-
temporary designs aim to stimulate users' thinking and help them
generate ideas on their own [2]. The goal is not for AI to simply
make group ideation faster or produce more ideas, but to activate
creativity [28]. In activating group creativity, the dual-pathway
theory of creativity provides a foundational framework [63, 64]. It
proposes �exibility and persistence strategies: The �rst involves
o�ering alternative perspectives that broaden users' thought [71].
The second involves building on users' existing directions to pro-
mote more in-depth exploration [57].

Beyond idea-oriented facilitation, some studies have explored
how AI might help reduce evaluation apprehension in group brain-
storming. Prior work has shown that abstracting users' ideas through
AI before sharing them with the group can lower evaluation appre-
hension. However, this approach did not function as a catalyst that
stimulated additional idea generation or o�ered meaningful inspira-
tion to participants [47]. Other research suggests that adding more
AI teammates may help shield individuals from interpersonal eval-
uation concerns [64]. However, we believe that a more meaningful
question is how AI can support and strengthen human collabora-
tion rather than substitute for it [83]. The ability to interact with
other humans remains an essential skill that must be developed
and trained, even in the age of AI [46].
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To function as a mediator rather than a substitute, AI should
account for the human�human interactions within the group [84].
Instead of merely aggregating individual ideas, AI should enable
groups to enhance synergy, in which the whole becomes greater
than the sum of its parts [34]. Current AI mediators mainly support
either the team as a whole in synchronous collaboration [50, 61, 81]
or facilitate each individual separately in asynchronous collabora-
tion scenarios [7, 16]. These mediators typically perform functions
such as task allocation, information integration, and supporting
the �ow of discussion [1, 89]. We believe that AI mediators can
also support each individual separately in asynchronous collabora-
tion, such as individual brainstorming. By selectively sharing ideas
among team members without directly exposing the original ideas,
the system can compensate for the absence of synergy in individual
brainstorming while also alleviating the evaluation apprehension
that often arises in group brainstorming.

To enable this form of idea sharing, the AI should �rst have the
ability to infer users' needs. In doing so, the AI becomes aware of
whether a member currently requires inspiration and what types
of ideas may be helpful [23, 37, 88]. Information needs are closely
associated with users' cognitive states [5], which can often be in-
ferred from their interaction patterns and the ideas they have previ-
ously contributed [21, 73, 93, 94]. Once the need is determined, the
AI could share appropriate ideas from the collective information
pool [6, 16]. Conceptually, this process resembles communication
in multi-agent systems, where the system determines whether and
when to transmit information held by one agent to another [22].
Implementations can draw on frameworks such as Collaborative
Memory [77], which organizes shared knowledge using graph struc-
tures and recommends relevant content at appropriate moments
based on relational patterns.

The way AI delivers assistance is another important considera-
tion. When an AI mediator initiates proactive interventions, it is
essential to avoid presenting information that con�icts with the
user's current line of thought [51]. This requirement calls for accu-
rate timing decisions as well as interaction designs that minimize
disruption [76]. For example, the system can display lightweight
indicators such as a badge noti�cation [4] that users can open when
they have su�cient cognitive bandwidth. Beyond the issue of inter-
ruption, integration with existing tools is also essential. Users often
adopt or abandon new intelligent features based on how smoothly
they �t into established work�ows [43, 66]. Electronic brainstorm-
ing tools have been developed for decades and share many common
interaction patterns. The current AI features in these systems are
frequently implemented through a chatbot [32, 55, 61]. Although
this is a practical and widely used approach, embedding the AI me-
diator as a separate conversational layer can create discontinuity
in the user experience. If the mediator's functions are instead pre-
sented through existing interface elements, users may experience a
work�ow that feels more coherent and seamless.

3 Design Considerations
Drawing from the previous discussion, we summarize three key
challenges, as illustrated in Figure 2: (c1) Integrate the strengths of
group and individual brainstorming; enable synergy while also miti-
gating evaluation apprehension. Existing research, which primarily

uses alternation methodologies, fails to integrate these strengths
simultaneously. (c2) Develop an AI mediator capable of sharing
ideas in synchronous group ideation. Existing research primarily
focuses on applying AI in group brainstorming or facilitating knowl-
edge sharing in asynchronous collaboration. Much less attention
has been given to how AI can support group members who ideate
individually and simultaneously. (c3) Integrate AI features into
the interaction �ow of existing ideation tools while ensuring low-
interruption. Existing design practices lack direct design solutions,
and further design exploration is needed.

To address these three challenges, we propose four design con-
siderations that guide the development of a system supporting this
novel ideation setting.

DC1: Develop an AI mediator to share ideas while the
group is engaged in individual brainstorming. Building on the
above discussion, we argue that group brainstorming inevitably
introduces evaluation apprehension [95]. However, the lack of syn-
ergy in individual brainstorming can be addressed through idea
sharing features [85]. To this end, we aim to create private ideation
workspaces that incorporate a designed mechanism to facilitate the
exchange of essential ideas among individuals.

DC2: Select appropriate ideas for sharing based on the
user's current ideation state. Building on our concept of an AI
mediator for idea sharing, the �rst challenge is to identify which
ideas to share with a speci�c user. We should develop an algorithm
that infers the user's current ideation state, determining which type
of idea would be most e�ective in activating their thinking. Specif-
ically, we draw on the dual-pathway theory to characterize the
user's idea needs, and use semantic similarity to identify relevant
ideas as candidates for sharing.

DC3: Process ideas before sharing to enhance their e�ect
in activating creativity. To enhance the e�ect of activating cre-
ativity, we adopt idea processing techniques such as abstraction and
conceptualization [29] to transform the selected ideas for sharing.
By delivering directional cues rather than speci�c ideas, the system
encourages users to engage in their own creative thinking.

DC4: Proactively deliver assistance through a low inter-
ruption and interaction-consistent design. Since users lack
visibility into others' ideas during individual ideation, it is di�cult
for them to know whether relevant knowledge exists elsewhere
and whether they should seek system assistance. To address this,
the system should provide relevant support proactively at the ap-
propriate moments [21]. At the same time, it is important to avoid
disrupting users' ongoing thought processes [32, 66]. A feasible
strategy is to use mechanisms similar to unread message indica-
tors, where the system only reveals detailed content when the user
chooses to open it.

We also aim to integrate proactive assistance into the interaction
�ow of existing ideation tools. Electronic brainstorming systems
typically use whiteboards and sticky notes as core interface ele-
ments [56]. Presenting AI-delivered ideas near the corresponding
sticky notes on the digital whiteboard, rather than through a sep-
arate chat panel, may provide a more coherent and familiar user
experience.
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Figure 2: Three key challenges. (c1) Integrate the strengths of group and individual brainstorming. (c2) Develop an AI mediator
capable of sharing ideas in synchronous group ideation. (c3) Integrate AI features into the interaction �ow of existing ideation
tools while ensuring low-interruption.

4 Gra�Mind System
We now discuss the implementation ofGraftMind in response to
the design considerations mentioned above. In addition to the basic
functions of digital whiteboard applications for brainstorming, such
as creating, editing, and dragging notes [56], the key feature of
GraftMind is to o�er ideation assistance based on collective ideas
during individual brainstorming. This idea-sharing process consists
of several sequential steps. First, the system infers the user's current
ideation state. Second, it selects ideas from the group that match this
state and generates assistance based on the selected ideas. Third, it
delivers the assistance proactively with low-interruption. We now
introduce each module following this temporal logic, as shown in
Figure 3.

4.1 Individual Ideation State Inference
As DC2 stated, the system should �rst infer a user's ideation state
in order to determine which idea to share next. According to the
dual-pathway theory, users can bene�t from two types of creativity
support: �exibility and persistence. Flexibility is suitable when a
user's thinking becomes overly convergent, whereas persistence is
helpful when their thinking becomes excessively divergent. There-
fore, the goal of state inference is to determine whether the user
is currently in an overly convergent or an overly divergent state.
This inference can be made by analyzing the semantic similarity
among the ideas that the user has generated.

Graph structures provide a clear representation of the semantic
proximity between pieces of information and allow us to identify
the degree of similarity between ideas. We therefore adopt a graph-
based representation to store the ideation context [39]. To construct
this semantic graph, we use the Qwen3-Rerank model to compute
semantic similarity between ideas. Qwen3-Rerank is among the
most advanced models for estimating text similarity [90, 92]. The
model outputs a similarity score ranging from 0 to 1, which we
use as the edge weights in the semantic graph. Since manually
setting thresholds to determine whether the user's ideation is overly
divergent or convergent would be subjective, we de�ne the user's
state based on their relative internal idea similarity within the group.
When a user's own idea similarity is higher than the group average,
it indicates that their ideas are relatively similar, and their thinking
may lack �exibility. When the similarity is lower, it indicates that
their ideas may be overly divergent, making them more suitable
for persistence assistance. This approach, which infers ideation
states based on relative di�erences in thinking, also aligns with the
theoretical notion of e�ective information complementarity [59].

The speci�c implementation of this state inference algorithm is
as follows:

(D =
1

j%¹#Dº j

Õ

¹8•9º 2%¹# D º

sim¹8• 9º• (1)
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Figure 3: Idea sharing procedure of Gra�Mind . Each user's ideas are represented and stored as a semantic graph in real time.
The state inference algorithm then determines the user's current cognitive needs based on the internal similarity of their ideas.
The system generates assistance according to the selected strategy and �nally delivers this assistance to the user proactively.

Let #D denote the set of ideas authored by the userD, %¹#Dº the
set of all unique note pairs, andsim¹8• 9º the semantic similarity
between ideas8and9estimated by the Qwen3-Rerank model. Users
with a higher internal similarity, with(D ranked above the median,
are assigned to the state that requires �exibility assistance. Those
with lower internal similarity, with (D ranked below the median, are
assigned to the state that requires persistence assistance. For users
whose(D is exactly at the median, the system assumes that they can
continue their current line of thinking without additional content
provision. For this state, we o�er a hint by recommending the most
distinctive idea within their current idea set. Such diversi�cation
recommendations help prevent the duplication commonly observed
in individual brainstorming.

Furthermore, to avoid repetitive user experiences, if the two
most recent inferred states of a user coincide with the current one,
the system substitutes the assistance strategy with an alternative. In
addition, diversi�cation recommendations are introduced stochas-
tically across all three situations to enhance �exibility, as they are
lightweight interventions applicable to all states. Through this de-
sign, the AI assistance remains both context-aware and temporally
balanced.

4.2 Idea Selection and Assistance Generation
Once the intervention strategy is determined, the idea to be shared
is retrieved from the semantic graph. For the user requiring persis-
tence assistance, the system identi�es the user's idea that is most
strongly associated with an idea authored by others. As de�ned in
Eq.(2), the user's ideâ= is the one that has the highest similarity to
an external idea. This idea becomes the target for elaboration, and

the associated external ideâ< provides the reference knowledge
used to generate the persistence assistance.

¹=̂•<̂ º = arg max
=82# D•< 92"

sim¹=8•< 9º” (2)

For the user requiring �exibility assistance, the system retrieves
the idea authored by other users that exhibits the greatest semantic
dissimilarity relative to the ideas of the target user. Formally, for
each external idea< 2 " , we compute its minimum similarity to
all ideas in#D, as shown in Eq.(3). The idea with the lowest value
of ( ¹< º is selected.

( ¹< º = min
=82# D

sim¹=8•<º” (3)

For the user requiring diversi�cation recommendation, the sys-
tem selects the idea that is maximally distinct from other users'
existing ideas and recommends it for further exploration. Formally,
the most unique idea=� is de�ned in Eq.(4), wheresim¹=8•< 9º is
the semantic similarity between ideas=8 and< 9, and each< 9 is an
idea contributed by all other members except the current user.

=� = arg max
=82# D

min
< 92"

�
1 � sim¹=8•< 9º

�
” (4)

Both persistence and �exibility assistance involve sharing idea
content derived from other users. As highlighted in DC3, we fur-
ther process these ideas to make them more e�ective in activating
recipients' own thinking. We draw inspiration from the idea-form-
issue methodology [64] and abstract each idea into a more thematic
and conceptual form before sharing. The system transforms the se-
lected idea into a higher-level thinking direction so that the shared
content re�ects another person's perspective without revealing
their speci�c idea. Speci�cally, we use GPT-4.1, a generative model
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Figure 4: The interaction design of proactive assistance in Gra�Mind . (a) Persistence Assistance, (b) Flexibility Assistance, and
(c) Diversi�cation Recommendation. Each assistance type employs carrier pigeon design elements and is embedded directly
into the digital whiteboard. To minimize potential disruption to users' ongoing thought processes, all proactive assistance
interaction includes two steps. The system �rst presents a subtle noti�cation icon and the user may choose to click the icon to
reveal the detailed suggestion content.

that balances output quality and e�ciency, to generate suggestions
based on the selected idea. The model is instructed to summarize
common themes, abstract the original content into higher-level con-
cepts, avoid revealing or implying the original author, and generate
open-ended directions that leave room for further ideation.

Some generated results are shown below. For the user who needs
persistence assistance, based on the current idea,"people should
learn interdisciplinary collaboration in the AI era,"the system infers
its relevance to another user's idea,"enhancing practical skills,"and
generates persistence assistance:"learn to collaborate with interdis-
ciplinary teams to solve real-world problems". For the user who needs
�exibility assistance, when the idea"understanding mathematics is
important in the age of AI"represents an aspect that is underrepre-
sented in the current user's idea space, the system generates the
new idea:"knowledge of foundational disciplines".

4.3 Proactive Assistance
As noted in DC4, idea sharing during brainstorming should be done
proactively. This requires identifying the right moment to inter-
vene and designing low-interruption interactions that minimize
disruption to the user's ongoing thought process.

GraftMind proactively provides collective-knowledge assistance
without explicit user requests during the ideation phase. For the
timing decision, we monitor users' interactions within the system.
When a user temporarily stops ideation activities, such as creating

notes, editing existing notes, or navigating the canvas, for more
than 15 seconds, we infer that they may be experiencing a moment
of potential blockage or a shift in attention [67]. The system then
triggers ideation state inference, followed by idea selection and
assistance generation. With a lightweight generation work�ow,
this entire process can be completed in a few seconds. Once the
assistance is ready, we adopt a two-step interaction design. The
system �rst presents a new-message indicator without revealing
the detailed content, such as a noti�cation dot, and displays the full
assistance only after the user chooses to open it.

However, as mentioned in DC4, we seek to seamlessly integrate
the assistance into the digital whiteboard interface. This leads us to
consider how native design elements, such as notes on the canvas,
could serve as carriers of assistance. The metaphor of a carrier pi-
geon has long been associated with the act of providing information.
We found this metaphor particularly �tting for digital whiteboards,
where ideas can conceptually travel across individual whiteboard
spaces, carried by pigeons. In this design, a note can function both
as the content that a pigeon delivers and as the place on which
the pigeon temporarily perches, thereby embedding the assistance
directly into the user's ongoing whiteboard-based interaction �ow.
This presentation can also follow a low-interruption design. When
the carrier pigeon �rst appears on the canvas, it does not reveal its
detailed suggestion, and the assistance content is shown only after
the user chooses to open it.
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The speci�c interaction designs for �exibility, persistence, and
diversi�cation recommendation assistance are illustrated in Fig-
ure 4. In persistence assistance, the pigeon perches on the note it
intends to interact with, and the message expands when the user
clicks on it. In �exibility assistance, the carrier pigeon �ies into the
current workspace carrying a new note after the user chooses to
click the activated "Graft" button. For diversi�cation recommenda-
tion, a pigeon's egg appears on the note. The pigeon's egg implies
that this idea contains the potential for unique insights, suggesting
to the user that, if further explored, the idea may eventually hatch
into a pigeon that travels toward other workspaces.

4.4 Other Features

Figure 5: Gra�Mind allows users to switch to a public
workspace to see which ideas their previously received assis-
tance was based on. When users click on one of their earlier
ideas, the speci�c idea that was referenced during its genera-
tion is highlighted in the shared space.

GraftMindalso provides a chatbot to support ideation queries [15].
During the chatbot's reasoning process, we employ retrieval aug-
mented generation [53] to enable it to draw on collective ideas
as references. In addition, chatbot conversation logs are used to
supplement the construction of theGraftMind similarity graph.
Dialogs centered on a speci�c idea help enrich and contextual-
ize the original idea content. It is important to note that chatbot
interactions serve as an additional support feature rather than a
critical or necessary component of the system. The chatbot can
be collapsed and hidden if users wish to focus on their work on

the digital whiteboard.GraftMind'sidea-sharing function can still
operate e�ectively, depending on the content of the original ideas.

GraftMindalso provides a public mode in which users can view
each other's ideas within a shared workspace, as shown in Fig-
ure 5. This mode allows users to see which ideas their previously
received assistance was based on, which helps them assess whether
the proactive assistance is explainable. This feature is primarily
designed to support qualitative feedback regarding assistance ex-
plainability during the user study, while users are not permitted to
switch to the public space during the ideation phase.

4.5 Implementation
During implementation, we referenced the architectures of web-
based collaboration tools like Miro and Figma [60], enablingGraft-
Mind to run directly in the browser and o�er a user experience
consistent with existing tools. The WebSocket-based Socket.IO [19]
communication mechanism is used for real-time front-end synchro-
nization. Clients subscribe to group-level events through rooms,
and operations such as note creation, editing, and dragging are
broadcast as event streams. When users create or modify notes,
the server triggers the incremental idea graph update. In addition,
we deploy a "user-pause" trigger: when the user stops interact-
ing for a prede�ned duration, the system initiates state analysis
and assistance generation, and the generation work�ow follows a
chain-structured design [87]. Given the small-scale concurrency re-
quirements of our user study, data persistence follows a lightweight
approach. Structured JSON �les are written on a per-group basis,
and logs are recorded in an append-only manner, removing the
need for a database and facilitating rapid iteration during system
development.

5 User Study
We seek to evaluate whetherGraftMind can e�ectively support
group ideation, enable synergy similar to group brainstorming,
and simultaneously alleviate evaluation apprehension as in indi-
vidual brainstorming. Therefore, we compared the performance
of teams usingGraftMindwith those using a conventional group
brainstorming method to examine these research questions.

5.1 Participants
We recruited 60 participants through a university mailing list. The
sample comprised 28 undergraduates and 32 graduate students. All
participants reported previous experience in group ideation.

5.2 Setup and Experimental Design
To avoid topic-related variability and potential learning e�ects
within the same topic, we conducted a between-subjects study. The
experimental condition usedGraftMind to perform group ideation,
while the control condition followed a conventional group brain-
storming process. To support the control condition, we developed
a system that replicates only the essential digital whiteboard func-
tionality of GraftMind. The idea-sharing features ofGraftMind,
including proactive assistance and the chatbot, were not adopted in
the control system. This control system aligns with existing group
brainstorming tools such as Figma or Miro, allowing participants
to collaborate in a public workspace.
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