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The Ideation Compass: supporting interdisciplinary creative 
dialogues with real time visualization
Sander Välk a, Chitipat Thabsuwanb and Céline Mougenot a

aDyson School of Design Engineering, Imperial College London, London, UK; bImperial College London, Department 
of Computing, London, UK

ABSTRACT
This study presents the potential of live topic visualization in supporting 
creative dialogs during remote idea generation. We developed a novel 
Creativity Support Tool (CST) to explore the effects of the live topic 
visualization. The tool emphasizes the interdisciplinary knowledge back-
ground of participants. Using Natural Language Processing (NLP) and 
topic modeling, the tool provides users with a live visual mapping of the 
domains and topics being orally discussed. To understand the tool’s user 
perceived effects, we conducted evaluation sessions and interviews with 
participants (N = 10) from two different disciplinary backgrounds: design 
and bioscience. The findings show that live visualization of domains and 
topics supported self-reflection during individual and collaborative crea-
tivity and encouraged a balanced discussion, which can mitigate disci-
pline-based fixation in ideation.
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1. Context and objective

This exploratory study is focusing on how discipline-based knowledge sharing and its visualizations 
in real time can aid creative interdisciplinary ideation. By applying theoretical findings in collective 
creativity and interdisciplinary ideation to the development of a Creativity Support Tool (CST), we 
aim to support the emergence of shared understanding (Kleinsmann & Valkenburg, 2008) in 
creative teams through topic visualizations. We propose to view team creativity through the lens 
of topic fixation. Creativity studies suggest that discipline-based topic visualizations will encourage 
teams to cover a wide spectrum of problem and solution spaces (Dorst, 2019; Reymen et al., 2009) 
and will thus mitigate discipline-based fixation in idea generation.

Additionally, interdisciplinary ideation can be supported by a process. Facilitation of interdisci-
plinary processes is challenging, because knowledge is not easily transferable (for example, between 
biology and engineering; Lobbe et al., 2021; Weidner et al., 2018). Practitioners perceive that they 
can better ideate when there is agreement in a team and a process to follow, however agreement on 
who leads the process and how the process is led is critical to success (Austin et al., 2001). In short, 
collaborative ideation sessions, such as design sprints and workshops, the process can be deter-
mined by a dominant lead or (external) facilitator. The role of facilitation principles and facilitation 
tools play an important role in creative team processes. For example, pro-active neutrality in 
creative facilitation can be a key mechanism in enhancing creativity and innovation in the work-
space (Wróbel et al., 2020), suggesting interaction dynamics between creative practitioners and 
facilitation (tools and methods). Amabile’s (1988) model of creativity and innovation in organiza-
tions highlights intrinsic motivation as a key construct in managing creative teams. As such, we are 
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interested in triggering behaviors in idea generation that arise intrinsically through practitioner 
interactions with one another, and CSTs that are triggered by the practitioners themselves in real 
time. Implementing systems that analyze design dialog in real time have been suggested as 
a potential way to leverage creative outcomes (Casakin & Georgiev, 2021); therefore, we explore 
verbal communication in interdisciplinary creative ideation.

The objective of this exploratory study is to evaluate the user-perceived effects of visualized live 
feedback during interdisciplinary creative conversations in workshop settings with a novel CST. We 
aim to explore how topic-based interdisciplinary dialog visualization can support collaboration 
experience. We do this with a computational CST, which utilizes NLP and topic modeling. This 
study applies and expands existing theoretical constructs that describe the nature of interdisciplin-
ary creative ideation, fixation, and shared understanding by contributing to the emerging field of 
AI-enabled tools for CSCW. The study is addressing the following question through the lens of 
reflective interviews post-cognitive activity:

RQ: In collective interdisciplinary ideation, how does topic visualization affect users’ perception 
of their own creativity and fixation?

2. Theoretical foundations

2.1. Interdisciplinary creative ideation

An interdisciplinary paradigm requires interactions between highly specialized practitioners. These 
interactions and collaborations are needed for solving contemporary complex challenges, envision-
ing novel futures, as well as carrying out routine tasks where the aim is to innovate (Calvert & 
Schyfter, 2017; Ito, 2016; Sawa, 2016; Simons et al., 2011). This collaborative phase in designing can 
be described as a process in which actors from different disciplines share their knowledge about 
both the design process and the design content. They do that in order to create shared under-
standing on both aspects, to be able to integrate and explore their knowledge and to achieve the 
larger common objective: the new product to be designed. (Kleinsmann, 2006; Kleinsmann & 
Valkenburg, 2008)
Generating creative ideas (characterized as novel and useful) in interdisciplinary teams is challen-
ging because of boundaries between practices and the difficulty of sharing knowledge and reaching 
mutual understanding (Simons et al., 2011).

Divergent thinking and consideration of multiple possibilities in early concept design is known 
to be supportive in ideation, particularly in fast paced collaborative settings such as workshops (Lee 
& Ostwald, 2022). Design tools and methods are shown to be effective in interdisciplinary short- 
term ideation workshops for new product development and innovation activities (Weidner et al.,  
2018). Various digital tools are known to impact convergent and divergent thinking in ideation 
(Frich et al., 2021); however, only a few use topic modeling to support shared understanding. 
Mechanisms and tools that support creative collaborative design through utilization of practi-
tioners’ tacit knowledge address challenges in interdisciplinary ideation. For example, the Hive- 
Mind Space model supports communication via mediated digital boundary objects (Zhu et al.,  
2010), which can alleviate the lack of shared formal language and communication difficulties in 
interdisciplinary teams (Driver et al., 2011).

In this study, we apply an approach whereby human creativity is divided into four quadrants – 
each representing a general discipline and knowledge that relates to it. The disciplines are Art, 
Engineering, Design, and Science (Oxman, 2016). This general characterization of disciplines 
enables exploration of interdisciplinary dialog because it provides a visual framework for raising 
discipline awareness. This awareness is a critical building block in team cognition, and it can be 
supported with computational tools (Gutwin & Greenberg, 2005). The key rationale for knowledge 
visualization is its ability to contextualize information, which makes it meaningful and actionable in 
collaborations (Bertschi et al., 2011).
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2.2. Fixation in designing and shared understanding

Fixation can be described as an undesired cognitive effect in which an individual or group usually 
unconsciously focuses on certain aspects of an object or task while leaving (potentially more 
beneficial) alternatives aside (Vasconcelos & Crilly, 2016). Research into design fixation frames 
this psychological phenomenon as a negative occurrence and suggests that overcoming fixation will 
lead to more creative and innovative ideas. Interdisciplinary creative ideation benefits from an 
understanding of team-level creativity mechanisms that account for the diversity of team members 
and their disciplinary background (Kurtzberg & Amabile, 2001).

Structures of authority in creativity and innovation have been studied and found to play an 
important role in interactions between interdisciplinary generative individuals (Sosa & Gero, 2015). 
These structures create uneven hierarchies that can support dominant opinion leaders and influence 
the (asymmetric) roles performed by individual team members (Benony & Maudet, 2020; Välk et al.,  
2019). In interdisciplinary teams, this can manifest as topic fixation, which is based on the back-
ground or discipline of the dominating idea creator. Topic fixation hinders the creative potential of 
the team and may have a negative impact on team process and inclusivity. In this framing, topic 
fixation is a novel construct not previously addressed by the design research community.

As such, there is an opportunity to emphasize the interdisciplinary nature of practitioner 
backgrounds in creative collaborations, in which shared understanding (Cash et al., 2020) is critical 
yet challenging to develop. Visualizations of emerging themes aid the emergence of shared mental 
models (Dong et al., 2013).

2.3. CSTs for interdisciplinary ideation

Successful ideation is a critical part of design innovation processes and there are numerous 
physical tools that allow thinking through design, whereby the practitioners ‘play around’ with 
material objects without knowing what will come out of it. These interactions in design 
ideation are often facilitated by analog tools (Peters et al., 2020), which are of critical 
importance in collaborations that span different disciplines (Adamczyk et al., 2007). For 
example, cards are popular means of facilitating interdisciplinary ideation because they provide 
practitioners with inspirational materials and provide a guiding process (Haritaipan, 2019; 
Ocnarescu et al., 2011) but also externalize knowledge of individual practitioners to collabora-
tors (Dalsgaard, 2017). Greater knowledge sharing is closely linked to increased shared under-
standing within the team (Cash et al., 2020). It is also generally acknowledged that team 
effectiveness will improve if team members have an adequate shared understanding of the 
team’s objectives (Dong, 2005).

Computational creativity support tools (CSTs) aim at making more people more creative more 
often; however, more specific definitions are lacking and context-dependent (Frich et al., 2019). For 
example, CST classifications include defining which part of the creative process is being supported, 
whereas half of digital CSTs target idea generation and individual practitioners (Frich et al., 2019). 
Other types of computational CSTs provide retrospective summaries of meetings with the use of 
topic modeling (Chandrasegaran et al., 2019; Tur et al., 2010). Table 1 provides an overview of 
related CSTs for ideation and highlights their limitations.

Computational technology could be applied more extensively to explore and leverage interdis-
ciplinary ideation, given its technical capabilities. For example, it can detect topics in conversations 
with natural language processing and use topic modeling in real time. Existing CSTs for ideation in 
CSCW currently lack features that create live topic visualization with verbal input. Hence, this study 
aims at exploring the effects of automatically generated visualizations, which inform users about the 
content of ongoing dialog. Spinneret (Bae et al., 2020) is a computational tool that aids mind 
mapping during ideation by providing suggestions based on a knowledge graph. The tool is 
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programmed to reduce design fixation; however, it does not analyze dialog content from 
a discipline-based perspective, which could be useful for diverse teams.

Visualizing topic fixations within creative ideation could have significant implications for the 
design of computational CSTs, however this area is currently little investigated, despite inspirational 
examples emerging for design ideation (based on practitioners in a single discipline; Koch et al.,  
2019). Smart Meeting Systems and Group Support Systems have been developed with the aim to 
support collaborative work in creative meetings, but existing tools embody critical limitations and 
do not explicitly account for live feedback in idea generation.

Real-time tools that capture and visualize verbal content in meetings exist, but it is unclear as to 
what extent they can address topic fixation. For example, TalkTraces is a tool designed to address 
four main requirements: to aid historical recall, to provide a conceptual overview at a glance, to 
provide situational awareness of the current state of the meeting, and to provide an impetus for 
conversation (Chandrasegaran et al., 2019).

2.4. Research scope and objective

The literature shows the following:

● Interdisciplinary ideation poses challenges for participants. These challenges could be 
addressed with CSTs that support knowledge sharing and facilitate emergence of shared 
understanding

● Discipline-based topic fixation can hinder collaborative ideation
● Existing computational CSTs for ideation lack features that analyze content of interdisciplin-

ary dialog and provide visualizations as live feedback

The objective of this study is to explore how visualizing emerging themes within a discipline-based 
framework can help ideation workshop participants with the mitigation of disciplinary fixation. 
This suggests that CSTs and CSCW tools have the capability to utilize theory on shared 

Table 1. Overview of existing CSTs that AIM at supporting ideation.

Input Output Method Limitation

Idea Expander 
(Wang et al.,  

2010)

Chatbox dialog 
(text)

Pictures (from database) ML + Wizard of Oz + 
retrieval to prompt 
pictures

Constrained database 
and written text as 
input

Momentum 
(Bao et al.,  

2010)

Text and images 
from 
individuals

Summary visualization of inputs Manual input before 
ideation

Supports preparation 
before ideation 
activity

IdeaHound 
(Siangliulue 

et al., 2016)

Text Visual semantic model of solution 
space

Combines ML with 
human interactions

Prioritizes human– 
computer 
interaction

Semantic 
Collage 

(Koch et al.,  
2020)

Text, 
images

Semantic labels Semantic labeling Aids individual mood 
board creation

Spinneret 
(Bae et al.,  

2020)

Text Graph with biased random 
suggestions

Node graph (for mind 
mapping)

Prioritizes human– 
computer 
interaction

Meeter 
(Huber et al.,  

2019)

Verbal Statistical measures: word count, 
prosody features, and dialog act 
ratios

Sentence classification Lack of user interface/ 
interaction in real 
time

Conversation 
Clock 

(Bergstrom & 
Karahalios,  
2007)

Verbal Live visualization Speech tracking Content awareness
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understanding and knowledge sharing to support collaborative ideation, however this potential is 
underexplored.

This study adopts an approach whereby practitioner’s awareness of common ground in creative 
dialog is critical for team creative process and proposes that team cognition can be supported by 
computational support tools (Gutwin & Greenberg, 2005). Similarly to how automatic key phrase 
extraction can be seen as a useful means for abstracting large amounts of data into high-level 
segments (Frank et al., 1999), our approach is to develop a tool that performs conversation 
transcription and transcript analysis in real time. Topic modeling as a rapidly developing statistical 
technique for text mining has been proven to allow for successful analysis of semantic structures 
(Kherwa & Bansal, 2019). Semantic structures in collaborative idea generation are important 
subjects of study in team cognition and creativity, informing the development of novel AI-based 
CSTs that reveal hidden topical patterns (Barde & Bainwad, 2017). Our study follows guidelines for 
the development of CSTs that propose appropriateness of multimodal stimuli (Borgianni et al.,  
2020), including team members, facilitation, and visualization tools.

We are interested in studying interdisciplinary creativity from a combinational perspective, 
where unfamiliar connections and domain knowledge is visualized for practitioners to aid their 
creative process (Bhowmik et al., 2015). Our approach is to apply natural language processing and 
topic modeling to create the visualizations since this technique has previously proven useful for 
addressing real-world issues and diverse segments of information (Hagen, 2019; Hagen et al., 2015; 
Kherwa & Bansal, 2019). However, its potential in speech processing is underexplored, albeit NLP’s 
increasing uptake in practice interested in Requirements Engineering (Ferrari, 2018).

3. Development of The Ideation Compass

3.1. Overview of The Ideation Compass web-app

We developed The Ideation Compass, a web-based application for use in online collaborative ideation, 
alongside existing tools (video calls, whiteboards). The Ideation Compass analyses the content of the 
oral conversations between practitioners (i.e., voice inputs) through topic modeling and generates 
visualizations of the topics and themes in the conversation on a discipline-based radar chart informed 
by the Krebs Cycle of Creativity (KCC; Oxman, 2016). This visualization aids contextualization of 
knowledge shared by participants. Table 3 shows the positioning of The Ideation Compass in 
comparison to CSTs in Table 1. In this paper, we refer to the radar chart when discussing the 
interactive visualization that is visible to the users of the larger system called The Ideation Compass.

The app works by using speech in dialog as input for creating a visual output (Figure 1).
The data processing flow (Figure 2) consists of the following phases: dialog is recorded through 

microphones and speech is transcribed into text document, which is simultaneously analyzed to 
produce a similarity measure-based visualization.

3.2. Computational model and implementation

We formulated the task as a term-similarity measure between disciplines and a conversation. The 
system uses text data from the transcription. Pairs of keywords were selected from the KCC 
framework.

Next, words are processed along the pipeline in vectors obtained from GloVe (Pennington et al.,  
2014). The average vectors are used to represent disciplines. We assume that a discussion about an 
idea is a mixture of disciplines and each word used in ideation is attributed to one of the disciplines. 
Therefore, we use a topic modeling technique, Latent Dirichlet Allocation (LDA; Blei et al., 2002), to 
detect keywords in four disciplines. The conversation is treated as a set of documents, where each 
utterance is a single document, and input to the model. We exploited LDA to statistically nominate 
keywords that manifest underlying topics or disciplines in the dialog. The tool then calculates the 
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similarity between each word and the disciplines using cosine similarity. Since the similarity scores 
are slightly different between disciplines, we scale the scores using min-max normalization to foster 
the polarities of words. 

cos A;Bð Þ ¼
A � B
Akk Bkk

¼

Pn
i¼1 AiBi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1 A2

i
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1 B2
i

p

The data processing pipeline is implemented using Python with SpaCy library for natural language 
processing. The interface of The Ideation Compass is built with React, Chart.js, and Apexcharts.

Figure 1. Overview of The Ideation Compass, showing its use and processes for generating live visualizations.

Figure 2. Data processing flow of The Ideation Compass.
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The tool was validated by measuring its real-time transcription accuracy. We used thematic 
podcasts from four disciplines as voice inputs to calculate word error rate (WER; Table 2). Overall, 
the transcription achieved a WER around 0.3 which is acceptable for an exploratory study.

This computational model allows us to visualize a radar chart that displays cumulative similarity 
scores for each discipline. This visualization informs participants about the content of ongoing 
dialog (utterances) and each participant’s individual contribution.

4. Evaluation of The Ideation Compass with users

4.1. Objective and protocol

We conducted an empirical evaluation with human subjects to better understand the perceived 
effects of The Ideation Compass on interdisciplinary collaborative ideation. Given the barriers in 
interdisciplinary collaboration and the emergence of shared understanding, we are interested in 
understanding how practitioner perceptions of disciplines influence creativity. In this exploratory 
study, we focus on user experience (Kuniavsky, 2003) and use interview data as a preliminary source 
for validation of live topic modeling in creative dialogs. We use thematic interviews because the 
method is established for analyzing design cognition retrospectively after practitioner immersion in 
the cognitive activity (Cross, 2002).

The sessions were in English, held online, and consisted of:

● A workshop (30 minutes) where participants would use The Ideation Compass during idea 
generation activities

● post-workshop semi-guided interviews (30 minutes) where participants would provide feed-
back on their perception of The Ideation Compass

5. Workshop

In the idea generation workshop, 5 pairs made of a bioscientist and a designer were given a brief 
(Propose a novel intervention for the Future City or Home (2050 and beyond)) and were asked to 
orally discuss their ideas on the topic. Participants used The Ideation Compass in addition to other 
conventional tools for online collaboration (video calls, group chats and virtual white board), which 
they all claimed to be familiar with, given the nature of work during the pandemic.

Table 2. WER results.

Domain WER Word count

Art 0.306 1070
Science 0.301 1647
Engineering 0.395 1228
Design 0.333 1373

Table 3. The Ideation Compass overview.

Input Output Method Limitation

The Ideation Compass Verbal Live visualization Automatic Discipline based
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6. Interviews

Following their participation in the workshop, participants were asked to reflect on their experience 
of collaboration with the use of The Ideation Compass. The interviews consisted of open-ended 
questions on the breadth of topics discussed, reflections on problem and solution space co- 
evolution, effects of topics visualized in real time, interactions triggered by The Ideation 
Compass, functionalities of The Ideation Compass (existing and potentially useful in the future), 
the tool’s (potential) impact on creativity, perception of user behavior with The Ideation Compass, 
arguments for and against the tool, and how to better build shared understanding in interdisci-
plinary teams.

We used reflective semi-structured interviews with practitioners after they had participated in 
the collaborative ideation (Koch et al., 2019). This approach elicits co-discovery and effective data 
retrieval in qualitative assessment (Zimmerman et al., 2007).

Our interviews followed the self-confrontation approach, where pairs of participants were 
interviewed jointly to elicit reciprocal reflections and enquire about the dialog dynamics (Baker 
et al., 2020).

Each participant was given the opportunity to answer all questions. The interviews for data 
collection (Byrne, 2001) followed guidelines for qualitative analysis: extensive familiarity with the 
topic, multidisciplinary approach, attention to interviewee behavior, resilience and lack of judg-
ment, and heightened sense of empathy and objectivity (Miles et al., 2020). To reduce bias in the 
data gathering process, the interviews were conducted by the first author who has prior experience 
in qualitative research and had no direct involvement in the development of the intervention. 
Participants were made aware of this and informed that the aim of the research was to evaluate the 
effects of real-time visualization and critical comments are welcome. The interviews were audio and 
video recorded with consent from participants.

6.1. Participants

Participants (N = 10) were English-speaking: five students in Bioscience at Master or PhD level 
from Imperial College London (name code Sx) and five students in Design at Master level from the 
same university (name code Dx). The motivation for conducting the study with these participants is 
their ability to form interdisciplinary pairs of diverse backgrounds and perspectives. The pairs 
(three mixed and two of the same gender participants) were formed randomly, and none of the 
participants had been previously acquainted.

6.2. Interview coding and analysis

The analysis consisted in (1) transcribing the interviews and (2) highlighting relevant sections and then 
coding based on predetermined open-ended interview questions. Audio recordings were manually 
transcribed into segments, and all segments were later clustered based on their content. The transcripts 
and clusters were analyzed through directed qualitative content analysis – an approach established for 
validating and extending the existing theoretical frameworks (Hsieh & Shannon, 2005). The coding of 
interview data was done by two researchers – the first author and an external researcher experienced 
with interview coding – who followed the coding scheme described by Stompff et al. (2016). Interview 
data was divided into 98 segments of which 50% (N = 49) were selected randomly for assessing the inter- 
rater agreement score. Segments were coded into categories, then coding was compared and discussed. 
Forty-four segments out of 49 were assigned to the same category, resulting in 90% inter-rater agreement 
score. The calculation approach and inter-rater agreement score were judged acceptable in the context of 
the study.
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7. Results

The following themes that emerged from the interviews analysis and clustering are reported in this 
section, with quotes from the interviews:

(1) diversity of topics
(2) effects of real-time topic visualization on perceived creative behaviors
(3) visualization’s potential to leverage creativity
(4) further directions and ideas

7.1. Diversity of topics

Participants expressed different views when reporting on the Idea Compass’s potential to 
encourage diverse topics in ideation. S2 suggested that their discussion revolved around the 
environment from the inception, because it is an area ‘we can both comment on and it’s not 
overly science-y, where I would take the lead.’ According to S1, their ideation mainly 
covered social and psychological topics, such as mental health and well-being, but D1 also 
covered some engineering and technology aspects, such as building taller infrastructure. D2 
highlighted the importance of investigating the future when ideating but suggested she 
‘quickly settled on water and self-sufficiency by the use of decontaminants and sensors.’ 
S3 suggested that different stakeholders related to the ideas were covered, however noted 
that this did not fully enable to incorporate maximum diversity in idea generation. D3 
added that they missed an opportunity to explore Engineering: ‘We could’ve gone to more 
depth, so we could’ve covered selling or manufacturing. Perhaps it was narrow in that 
sense.’ D5 stated that the topic visualizations were a useful prompt to suggest which area to 
explore next and D4 found that the visualizations assured her of team topic fluency. S4 
added that they did not feel the need to cover broader topics because the visualizations 
covered ¾ of the compass quadrants.

Figure 3 shows a screenshot from a user evaluation session (names randomized) whereby engi-
neering discipline has received least attention during the idea generation process and the participants 
have been expressing verbal content similarly regarding design, art, and science.

Figure 3. The Ideation Compass visualizing topics relatively in real time: new visualization provided cumulatively and updated 
every 3s.
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7.2. Effects of real-time topic visualization

Participants noticed and acknowledged various effects that The Ideation Compass can have given its 
function to visualize emerging topics in real time.

According to S5, the compass allowed him to compare himself to other collaborators, which 
provided a useful overview. S1 reported that the visualizations will prevent ideators from narrow 
thinking: ‘If it starts peaking you can take action.’ D1 added: 

I agree. Often people forget about the other side. The compass made me aware of what I’m not talking 
about. I looked at it briefly and I saw a peak in one area and then I considered talking about the other area, 
because I think this would be useful in interdisciplinary collaboration . . . so that you know you’ve covered 
all areas.

S1 further added that if only one branch was visualized, it would mean that not all possible options 
have been considered. D1 added that when the compass is significantly pointing in one direction, it 
makes him conscious about what he is saying: ‘It makes me think that I’m perhaps thinking only in 
one aspect. So, . . . it forces me to consider other sides. In a good way, promotes a different direction 
of thinking about the same thing’.

S3 suggested his interpretation about how The Ideation Compass could have maximum impact: 

Ideally, you’d want the mapping to be as overlapping as possible. This shows that you’re on the same page – at 
least not talking about too technical stuff from their field but trying to reach a common ground everyone can 
relate to.

It was later added that the tool supported him in trying to steer the conversation to something both 
parties could relate to, often by simply leaving out jargon. S5 said that seeing the topics in real time 
made him want to talk without jargon to make sure his ideas were clearly communicated. D2 
echoed similar experiences, stating that it would make her want to try to increase the overlap and 
collaborate meaningfully: ‘Obviously everyone has their expertise, but it would be the right thing to 
do to get involved and build the overlap’. S2 suggested that it was interesting to see where each 
participant was contributing: ‘Every time I looked, we seemed to overlap a lot and I didn’t speak 
about the science all the time and D2 didn’t talk about the design all the time’. She then further 
implied that if there had been very small overlap between her and her partner’s topic visualizations, 
she would have tried to change how she discussed the ideas, but since there was a large overlap, this 
was not needed. However she later revealed: ‘I think I lowered down on science and I don’t know if 
that was supposed to happen. So, it did change a bit how I expressed myself’. D3 said that the 
compass seemed accurate because the conversation was mostly about design, and this was reflected 
with the topic visualizations. D3 suggested that this was encouraging as it allowed deciding which 
quadrant of the compass to explore next, for improving the idea. S3 added: ‘We could have the 
compass as a reminder to move towards another focus. It’s also interesting to see how both parties 
have differing ideas within different scales. This is useful for reflecting on individual backgrounds’. 
D5 found that The Ideation Compass made her more aware about what she said, which was 
appreciated, however acknowledged that this awareness might be restricting to others.

D1 suggested that a potentially unwanted effect of live topic visualizations is its ability to make 
users overcompensate for areas that are not discussed. It was implied that overcompensated ideas 
would potentially not be ‘as good or genuine.’ S3 commented that the effects of the topic visualiza-
tions would be more significant if the participants could customize The Ideation Compass with 
their own keywords. He then added that this would make the ideation session’s expectations clearer. 
One of the key impacts of The Ideation Compass for D4 was that the tool encouraged her to ‘up my 
game and catch up with how much I talk in the ideation.’ Similarly, S4 found that the tool made him 
talk more and raised awareness about the turn taking and balancing of the discussion.
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7.3. The Ideation Compass’s potential to leverage individual and collaborative creativity

Participants expressed different views when talking about The Ideation Compass’s potential to 
support creativity. D1 found that the tool helps to come up with new ideas, because it visualizes 
areas that are not discussed: 

When you’re seeing which areas you’re not hitting, it makes you think about those. That improves creativity. 
Because when you’re looking at things from different perspectives, that helps to come up with new ideas. First 
you can come up with ideas in one area but later you can also combine them. So, when there’s a train of 
thought about design, I can also think how to combine it with Engineering.

D2 had similar experience, stating that the chart could encourage creativity because it invites users 
to cover all areas of the chart, which provides a source of inspiration. According to S5 the tool has 
the potential to support creativity because it provides a broad spectrum for emergence of ideas. D5 
agreed and suggested that exploring all spectrums (Art, Science, Design and Engineering) would 
offer a great basis for ideas when merged in later stages of idea generation.

S3 thought that the compass is useful for tracking participation in meetings because it 
visualizes who is talking. He later suggested that tracking participation may have encouraging 
effects on people who take part in creative meetings and allow managers to change their 
innovation strategies. According to D3, the tool supports creativity because it informs meeting 
participants about the skills and interests of people who form the group: ‘The compass provides 
a better understanding; it makes sure everyone is on the same page.’ She also went on to suggest 
that the visualizations could boost creativity retrospectively. For example, looking back at the 
topic visualizations could help generate more ideas after the meeting, when working alone. D4 
found that generally she thinks the tool supports creativity, because when it shows ideation topics 
merely in one or two domains, she would feel that other areas are neglected, and she would try to 
improve the diversity.

The Ideation Compass also received critical comments. S1 suggested that it can be distracting in 
a meeting: ‘Perhaps instead of us, the head of the meeting could keep an eye on this tool, and they 
could direct the discussion.’ S2 added that users who do not speak freely might feel that the compass 
inhibits their creativity because ‘you cannot allow to say stupid things freely, but if you knew how 
the system works, then it wouldn’t be an issue’.

7.4. Perception of users’ behaviors

According to D3, The Ideation Compass has a good potential to change the way she communicates 
in collaborative ideation and suggested it is a fun tool which makes her more enthusiastic about 
ideation: ‘Understanding other areas would mean that I’m more likely to come up with new ideas or 
concepts.’ D1 echoed similar ideas, stating that 

I think it would change the way I share information . . . often when people talk, they share only what they 
understand, but someone else might interpret it differently. For me it would be really useful when I knew that 
if I was looking at a science idea but it didn’t come across like that so I could rephrase that to be more science 
centered. It would help make communication a bit clearer.’

D4 did not think her communication was significantly affected by The Ideation Compass but 
suggested it most likely would have been if she had not been ‘on the same page’ with her partner 
during the meeting: ‘If we were miles apart, I would make efforts to bring us closer together.’ S4 
agreed and added that he would feel fostered to be more creative given how gently the compass 
sends prompts to users. He later added that the tool would have more significant impact in larger 
teams, which are more challenging to manage and be part of.

S3 suggested that the changes in his behavior might become more apparent after a longer period 
of use: ‘This could be really interesting for your own personal growth and understanding of your 
own biases, retrospectively.’ He later added that the tool would show where the user is usually 

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 11



shifting toward in a conversation, and this could encourage to explore other alternatives and 
challenge assumptions. Similarly, D2 revealed that after the first use of the compass, she did not 
change the way she usually communicates and collaborates: 

I didn’t take a role that I should or could talk about design or engineering. It didn’t affect me, but if I was to use 
it again for my own project, I would try to get the topics a bit more balanced.’

S2 acknowledged that she did change the way she communicated to some degree, when using The 
Ideation Compass: 

We were mostly on the same page but when I saw it was leaning towards Science, I changed a bit. I started 
thinking differently about how my knowledge could feed into other areas. How could science contribute to 
other areas . . .’

Similarly, D2 suggested that since it was their first time using the the tool, the focus was on 
identifying what it can do, but with more experience, it would help her to go beyond the usual 
comfort zone.

7.5. Potential future directions

Participants envisioned ways in which The Ideation Compass could be further improved, based on 
their projections for future collaborative projects.

D4 suggested that the breath of interdisciplinary CSTs could be further explored, proposing that 
such tools could consider multiple inputs: ‘It only understands the speech, but I made sketches 
which the system didn’t take into account.’ Participants also made several comments about the 
customizability of the compass, suggesting that the framework of Science, Art, Design, and 
Engineering could be adapted to organization and/or meeting-specific framework to support 
team process. For example, D4 said that the compass could be useful outside the ideation context, 
in which case the organizer or manager of the meeting could customize the framework. D1 had 
similar comments: ‘In different projects it would be great if you could have specialized disciplines.’ 
He also suggested that the design of the tool should consider the long-term effects of its use: ‘Long 
term effect could be that you develop an appreciation for other domains or disciplines. If it’s used 
consistently, it would make you used with the practice of considering other disciplines’ points of 
view.’ Users also expressed some concerns about the transparency of The Ideation Compass, 
suggesting that it was not clear to them what is the ‘exact logic’ behind the quadrants of the 
compass, implying that users would find it valuable to know which semantic constructs form each 
of the disciplines. Users also experienced a competitive element when interacting with The Ideation 
Compass. D5 and S5 found that the compass indicates a score that should be as high as possible as 
this would reflect the quality of the collaboration.

8. Discussion

8.1. Effects of topic visualization on creativity and fixation

We found that live topic visualizations facilitated by The Ideation Compass enabled effective 
knowledge sharing (Hutchins, 1995) by supporting team building. Our findings are comple-
mentary to CSTs such as Momentum and Idea Expander that highlight the importance of 
visual summaries in ideation (Bao et al., 2010; Wang et al., 2010). A manifestation of this new 
way of knowledge sharing was user data that shows that topic visualizations made users aware 
of jargon related to their own professional practice. Users reported that the compass reminded 
them to avoid jargon and domain-specific terminology. They found that the collaboration 
outcomes in creative ideation can be supported by abstaining from complex terminology, 
because it improves collaborative awareness of team skills, expertise, and interests. This may 
have implications for empathy building in interdisciplinary collaborations, related to team 
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alignment and creativity. These phenomena have previously been studied and supported by 
tools that visualize users’ participation in meetings in real time. This highlights the emergence 
of groupware tools for creative collaboration (Bergstrom & Karahalios, 2007).

We found that the topic visualizations highlighted areas that have not been fully discussed by the 
users (in relation to the framework provided). This meant that the compass acted as a prompt for 
users to consider a wider set of alternatives, which is a key characteristic of the divergent and 
convergent nature of creativity, in parallel with establishing a balance between the problem and 
solution space (Dorst, 2019). In other words, the live topic visualizations provided a source of 
inspiration that helped users to avoid fixation (Vasconcelos & Crilly, 2016) and encouraged to leave 
the path of least resistance in the creative process.

We found that The Ideation Compass can change behavior by subtly nudging users toward 
creative trajectories. The topic modeling visualizations has the potential to change the way 
users communicate in a creative collaboration. User data shows that they were inclined to share 
their ideas and knowledge clearly and therefore effectively establish a common ground for 
generating new ideas. The long-term effects of live topic visualizations on user behavior remain 
unknown. On the one hand, participants suggested that once they became more accustomed to 
the tool, they experienced it as more useful. On the other hand, once the novelty effect expires, 
users may discard the visualizations from their process. In general, we found that users were 
inclined toward more creative behaviors when using The Ideation Compass. This manifested 
with participant perceptions.

8.2. Team collaborative process

Our non-explicit assumption was that users would start their discussions from widely diverging 
perspectives (for example, a bio-scientist’s topic visualizations would be displayed in the 
Science quadrant and designer’s topic in the Design quadrant of the compass). We expected 
the compass to achieve its effect gradually during the idea generation process, by showing how 
topics move closer together. According to the interviews, this was not necessarily the case, 
because users understood the intent behind the compass from the early stages of the discussion 
and projected their ideas in the broadest possible manner from inception. However, it was 
acknowledged by the users and observed by the authors, that the topic visualizations were an 
important factor for maintaining the diversity of ideas proposed and generated. The user data 
shows that the compass played an important role in assuring participants about the team 
process. As such, The Ideation Compass encouraged users to engage actively, which is 
particularly useful when people with little previous ideation experience take part in creative 
tasks. We found that interdisciplinary ideation can benefit from live topic visualizations, due to 
its ability to support and maintain shared understanding (Cash et al., 2020) in CSCW.

Our findings have implications for the future research and development of CSTs. We have 
demonstrated one way to apply NLP and topic modeling in an exploratory study that aims at 
supporting the creative team process during ideation. In addition, the user data suggests that this 
technology also has the potential to leverage team processes outside idea generation settings. The 
interviews show that participants acknowledge challenges in interdisciplinary collaboration. The 
Ideation Compass performed an important role in facilitating reflection in action (Schön, 1991) 
which alleviated some of the challenges. This shows that the potential of existing and future CSTs 
could be leveraged through their ability to visualize and externalize (parts of) the team cognitive 
process. This visualization can then act as a boundary object (Star & Griesemer, 1989) that incites 
reflection and supports social creativity by making cognition and knowledge sharing observable 
(Bila-Deroussy et al., 2017). Similar findings have been reported for CSTs that address the 
preparation phase of ideation (Bao et al., 2010).
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8.3. Limitations of the study

One of the limitations of the study is that The Ideation Compass was at prototype stage during 
the user evaluation sessions. The main manifestation of this was the occasional errors with the 
software. The errors meant that users were asked to refresh the web app that facilitated The 
Ideation Compass. On the one hand, the prototype fidelity may have made participants biased 
in providing too positive comments when evaluating the tool and its effects (despite the 
interviewer explicitly asking for critical reflections about the use of the compass). On the 
other hand, they may not have experienced the full intent behind the tool because the 
prototype fidelity had not been maximized. For example, the UI received only little refinement 
before it was presented to users. Our interviews were limited to exploring the effects of real- 
time visualization using the intervention and did not evaluate commitment of use.

The study replicated a real-life scenario of interdisciplinary collaboration where participants 
are relatively loosely tied by an educational institution. As such, the findings and participant 
experiences are limited to the experimental setting. Further research in an organizational 
setting with functioning teams and established organizational hierarchies would alleviate this 
limitation and allow the scope of this research to expand. A limitation that was acknowledged 
by the participants was the limited duration of the study. It was noted that a longer use period 
would render additional insights. We found that gaining a longitudinal perspective on the 
effects of live topic visualization would be an important next step in the development of our 
tool and other CSTs in CSCW that address interdisciplinary idea generation. With the next 
iteration of the compass, we would be interested in carrying out research in meetings that have 
more than two active participants that present more than two disciplines.

Distraction from computer-mediated human–human interaction is a potential side effect from 
using the tool, which calls for further exploration. Our results omit the possibility that the participant 
dialog was subject to gender balance. Although this has not been observed in the data, there is an 
opportunity to explore the effects of live topic visualization from a gender perspective.

8.4. Implications for future developments in live topic visualization

Our study looked at the participant perception regarding exposure to live topic visualization, which 
is based on a discipline-based framework for creativity. The qualitative findings of this study can 
inform follow-up studies that could quantitatively assess the effects of live topic visualization in 
ideation, for example, by focusing on the number of ideas generated, the quality of ideas generated, 
or the evaluation of practitioners' shared mental models (Goldschmidt, 2007).

Based on the user feedback, the framework of Science, Art, Design, and Engineering could be 
refined to make the interaction more transparent in terms of communicating the semantic 
constructs that formulate each quadrant of the compass. The user evaluation sessions highlighted 
that a customizable compass would allow for greater flexibility and suitability in real-life context, 
which would potentially leverage the creative potential of ideation.

Several participants indicated either directly or indirectly that they perceived the compass to 
inhibit an element of competitiveness. The competition was seen to take place between the 
collaborating participants or with oneself (e.g., improving one’s performance score). There was 
no explicit intention in the design of The Ideation Compass to facilitate competitive interactions, 
but we suggest that gamification strategies (Deterding, 2012) could be applicable in the develop-
ment of CSTs that use live topic visualization in ideation.

9. Conclusion

This exploratory study presented a novel CST for interdisciplinary creative idea generation – The 
Ideation Compass. The tool aimed at supporting interdisciplinary CSCW during ideation by 
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presenting a discipline-based live topic visualization. We interviewed users of the tool, comprising 
bioscientists and design engineers, to understand their perception on visualization generated by 
The Ideation Compass. Our findings show that real time discipline-based topic visualization can 
support creative idea generation across disciplines through:

● its ability to incite self-reflection among idea generators
● enabling emergence of shared understanding
● prevention of discipline-based fixation and raised awareness about knowledge sharing in dialog

Based on the findings, we suggest future work to explore how live dialog visualization could be used 
to facilitate interdisciplinary collaborations that tackle complex societal problems or aim at produ-
cing innovations (for example, to address United Nation’s sustainable development goals).

Acknowledgments

We would like to thank the editors and anonymous reviewers for the valuable feedback received on earlier versions of 
this paper. The authors would like to thank all participants in the study. We express gratitude to Archie Bond for 
support in revising the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Engineering and Physical Sciences Research Council [EP/R513052/1].

ORCID

Sander Välk http://orcid.org/0000-0001-7142-8088
Céline Mougenot http://orcid.org/0000-0002-3849-163X

References

Adamczyk, P. D., Hamilton, K., Twidale, M. B., & Bailey, B. P. (2007). Tools in support of creative collaboration. 
Creativity and Cognition 2007, CC2007 - Seeding Creativity: Tools, Media, and Environments, 273–274. https://doi. 
org/10.1145/1254960.1255010 

Amabile, T. M. (1988). A model of creativity and innovation in organizations. Research in Organizational Behaviour, 
10(1), 123–167. http://web.mit.edu/curhan/www/docs/Articles/15341_Readings/Group_Performance/Amabile_ 
A_Model_of_CreativityOrg.Beh_v10_pp123-167.pdf 

Austin, S., Steele, J., MacMillan, S., Kirby, P., & Spence, R. (2001). Mapping the conceptual design activity of 
interdisciplinary teams. Design Studies, 22(3), 211–232. https://doi.org/10.1016/S0142-694X(00)00026-0 

Bae, S. S., Kwon, O. H., Chandrasegaran, S., & Ma, K. L. (2020). Spinneret: Aiding creative ideation through 
non-obvious concept associations. Conference on human factors in computing systems - Proceedings, 1–13. 
https://doi.org/10.1145/3313831.3376746 

Baker, M. J., Détienne, F., Mougenot, C., Corvin, T., & Pennington, M. (2020). Argumentation, Eureka and emotion: 
An analysis of group projects in creative design training. Learning, Culture and Social Interaction, 26(March), 
100436. https://doi.org/10.1016/j.lcsi.2020.100436 

Bao, P., Gerber, E., Gergle, D., & Hoffman, D. (2010). Momentum: Getting and staying on topic during a brainstorm. 
Conference on Human Factors In Computing Systems - Proceedings, 2, 1233–1236. https://doi.org/10.1145/ 
1753326.1753511 

Barde, B. V., & Bainwad, A. M. (2017). An overview of topic modeling methods and tools. Proceedings of the 2017 
International Conference On Intelligent Computing And Control Systems, ICICCS 2017, 2018, 745–750. https://doi. 
org/10.1109/ICCONS.2017.8250563 

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 15

https://doi.org/10.1145/1254960.1255010
https://doi.org/10.1145/1254960.1255010
http://web.mit.edu/curhan/www/docs/Articles/15341_Readings/Group_Performance/Amabile_A_Model_of_CreativityOrg.Beh_v10_pp123-167.pdf
http://web.mit.edu/curhan/www/docs/Articles/15341_Readings/Group_Performance/Amabile_A_Model_of_CreativityOrg.Beh_v10_pp123-167.pdf
https://doi.org/10.1016/S0142-694X(00)00026-0
https://doi.org/10.1145/3313831.3376746
https://doi.org/10.1016/j.lcsi.2020.100436
https://doi.org/10.1145/1753326.1753511
https://doi.org/10.1145/1753326.1753511
https://doi.org/10.1109/ICCONS.2017.8250563
https://doi.org/10.1109/ICCONS.2017.8250563


Benony, M., & Maudet, N. (2020). From guests and guides to collaborators: Negotiating roles in design and biology 
collaborations. Design Journal, 23(4), 1–18. https://doi.org/10.1080/14606925.2020.1762339 

Bergstrom, T., & Karahalios, K. (2007). Conversation clock: Visualizing audio patterns in co-located groups. 
Proceedings of the Annual Hawaii International Conference on System Sciences, 1–9. https://doi.org/10.1109/ 
HICSS.2007.151 

Bertschi, S., Bresciani, S., Crawford, T., Goebel, R., Kienreich, W., Lindner, M., Sabol, V., & Moere, A. V. (2011). 
What is knowledge visualization? Perspectives on an emerging discipline. Proceedings of the International 
Conference on Information Visualisation, 329–336. https://doi.org/10.1109/IV.2011.58 

Bhowmik, T., Niu, N., Savolainen, J., & Mahmoud, A. (2015). Leveraging topic modeling and part-of-speech tagging 
to support combinational creativity in requirements engineering. Requirements Engineering, 20(3), 253–280. 
https://doi.org/10.1007/s00766-015-0226-2 

Bila-Deroussy, P., Bouchard, C., & Kaba, S. D. (2017). Addressing complexity in design: A systemic model of 
creativity and guidelines for tools and methods. International Journal of Design Creativity and Innovation, 5(1– 
2), 60–77. https://doi.org/10.1080/21650349.2015.1116412 

Blei, D. M., Ng, A. Y., & Jordan, M. T. (2002). Latent Dirichlet allocation. Advances in Neural Information Processing 
Systems, 3, 993–1022. https://www.jmlr.org/papers/volume3/blei03a/blei03a.pdf 

Borgianni, Y., Maccioni, L., Fiorineschi, L., & Rotini, F. (2020). Forms of stimuli and their effects on idea generation 
in terms of creativity metrics and non-obviousness. International Journal of Design Creativity and Innovation, 8 
(3), 147–164. https://doi.org/10.1080/21650349.2020.1766379 

Byrne, M. (2001). Interviewing as a data collection method. AORN Journal, 74(2), 233–235. https://doi.org/10.1016/ 
S0001-2092(06)61533-0 

Calvert, J., & Schyfter, P. (2017). What can science and technology studies learn from art and design? Reflections on 
‘synthetic aesthetics. Social Studies of Science, 47(2), 195–215. https://doi.org/10.1177/030631271667848 

Casakin, H., & Georgiev, G. V. (2021). Design creativity and the semantic analysis of conversations in the design 
studio. International Journal of Design Creativity and Innovation, 9(1), 61–77. https://doi.org/10.1080/21650349. 
2020.1838331 

Cash, P., Dekoninck, E., & Ahmed-Kristensen, S. (2020). Work with the beat: How dynamic patterns in team 
processes affect shared understanding. Design Studies, 69, 100943. https://doi.org/10.1016/j.destud.2020.04.003 

Chandrasegaran, S., Bryan, C., Shidara, H., Chuang, T. Y., & Ma, K. L. (2019). Talktraces: Real-time capture and 
visualization of verbal content in meetings. Conference on Human Factors in Computing Systems - Proceedings, 
Chi, 1–14. https://doi.org/10.1145/3290605.3300807 

Cross, N. (2002). Creative cognition in design: Processes of exceptional designers. Proceedings of the Fourth Creativity 
and Cognition Conference, 14–19.

Dalsgaard, P. (2017). Instruments of inquiry: Understanding the nature and role of tools in design. International 
Journal of Design, 11(1), 21–33. http://www.ijdesign.org/index.php/IJDesign/article/view/2275/767 

Deterding, S. (2012). Gamification: Designing for motivation. Interactions, 19(4), 14–17. https://doi.org/10.1145/ 
2212877.2212883 

Dong, A. (2005). The latent semantic approach to studying design team communication. Design Studies, 26(5), 
445–461. https://doi.org/10.1016/j.destud.2004.10.003 

Dong, A., Kleinsmann, M. S., & Deken, F. (2013). Investigating design cognition in the construction and enactment 
of team mental models. Design Studies, 34(1), 1–33. https://doi.org/10.1016/j.destud.2012.05.003 

Dorst, K. (2019). Co-evolution and emergence in design. Design Studies, 65, 60–77. https://doi.org/10.1016/j.destud. 
2019.10.005 

Driver, A., Peralta, C., & Moultrie, J. (2011). Exploring how industrial designers can contribute to scientific research. 
International Journal of Design, 5(1), 17–28. https://doi.org/10.17863/CAM.34129 

Ferrari, A. (2018). Natural language requirements processing: From research to practice. Proceedings – International 
Conference on Software Engineering, 536–537. https://doi.org/10.1145/3183440.3183467 

Frank, E., Paynter, G. W., Witten, I. H., Gutwin, C., & Nevill-manning, C. G. (1999). Domain-specific keyphrase 
extraction. In Proceeding of 16th International Joint Conference on Artificial Intelligence, 668–673.

Frich, J., MacDonald Vermeulen, L., Remy, C., Biskjaer, M. M., & Dalsgaard, P. (2019). Mapping the landscape of 
creativity support tools in HCI. Conference on Human Factors in Computing Systems - Proceedings, 1–18. https:// 
doi.org/10.1145/3290605.3300619 

Frich, J., Nouwens, M., Halskov, K., & Dalsgaard, P. (2021). How digital tools impact convergent and divergent 
thinking in design ideation. Conference on Human Factors in Computing Systems - Proceedings. https://doi.org/10. 
1145/3411764.3445062 

Goldschmidt, G. (2007). To see eye to eye: The role of visual representations in building shared mental models in 
design teams. CoDesign, 3(1), 43–50. https://doi.org/10.1080/15710880601170826 

Gutwin, C., & Greenberg, S. (2005). The importance of awareness for team cognition in distributed collaboration. 
Team Cognition: Understanding the Factors that Drive Process and Performance, 177–201. https://doi.org/10.1037/ 
10690-009 

16 S. VÄLK ET AL.

https://doi.org/10.1080/14606925.2020.1762339
https://doi.org/10.1109/HICSS.2007.151
https://doi.org/10.1109/HICSS.2007.151
https://doi.org/10.1109/IV.2011.58
https://doi.org/10.1007/s00766-015-0226-2
https://doi.org/10.1080/21650349.2015.1116412
https://www.jmlr.org/papers/volume3/blei03a/blei03a.pdf
https://doi.org/10.1080/21650349.2020.1766379
https://doi.org/10.1016/S0001-2092(06)61533-0
https://doi.org/10.1016/S0001-2092(06)61533-0
https://doi.org/10.1177/030631271667848
https://doi.org/10.1080/21650349.2020.1838331
https://doi.org/10.1080/21650349.2020.1838331
https://doi.org/10.1016/j.destud.2020.04.003
https://doi.org/10.1145/3290605.3300807
http://www.ijdesign.org/index.php/IJDesign/article/view/2275/767
https://doi.org/10.1145/2212877.2212883
https://doi.org/10.1145/2212877.2212883
https://doi.org/10.1016/j.destud.2004.10.003
https://doi.org/10.1016/j.destud.2012.05.003
https://doi.org/10.1016/j.destud.2019.10.005
https://doi.org/10.1016/j.destud.2019.10.005
https://doi.org/10.17863/CAM.34129
https://doi.org/10.1145/3183440.3183467
https://doi.org/10.1145/3290605.3300619
https://doi.org/10.1145/3290605.3300619
https://doi.org/10.1145/3411764.3445062
https://doi.org/10.1145/3411764.3445062
https://doi.org/10.1080/15710880601170826
https://doi.org/10.1037/10690-009
https://doi.org/10.1037/10690-009


Hagen, L. (2019). Automatic content analysis with topic modeling. ACM International Conference Proceeding Series, 
520–521. https://doi.org/10.1145/3325112.3325271 

Hagen, L., Uzuner, O., Kotfila, C., Harrison, T. M., & LaManna, D. (2015). Understanding citizens’ direct policy 
suggestions to the federal government: A natural language processing and topic modeling approach. Proceedings of 
the Annual Hawaii International Conference on System Sciences, 2015, 2134–2143. https://doi.org/10.1109/HICSS. 
2015.257 

Haritaipan, L. (2019). Towards the creation of creativity tools for real-practice: A review of 112 design tools in the 
market. Design Journal, 22(4), 529–539. https://doi.org/10.1080/14606925.2019.1613800 

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qualitative Health Research, 
15(9), 1277–1288. https://doi.org/10.1177/1049732305276687 

Huber, B., Shieber, S., & Gajos, K. Z. (2019). Automatically analyzing brainstorming language behavior with meeter. 
Proceedings of the ACM on Human-Computer Interaction, 3(CSCW). https://doi.org/10.1145/3359132 

Hutchins, E. (1995). Cognition in the wild. MIT Press. https://doi.org/10.1023/A:1008642111457 
Ito, J. (2016). Design and science. Journal of Design and Science. https://doi.org/10.21428/f4c68887 
Kherwa, P., & Bansal, P. (2019). Topic modeling: A comprehensive review EAI endorsed transactions on scalable 

information systems. EAI Endorsed Transactions on Scalable Information Systems, 7(24), 1–16. http://dx.doi.org/ 
10.4108/eai.13-7-2018.159623 

Kleinsmann, M. S. (2006). Understanding collaborative design. [Delft University of Technology]. http://resolver. 
tudelft.nl/uuid:0a7a57d4-c846-4458-a59f-24c25acbafa9 

Kleinsmann, M., & Valkenburg, R. (2008). Barriers and enablers for creating shared understanding in co-design 
projects. Design Studies, 29(4), 369–386. https://doi.org/10.1016/j.destud.2008.03.003 

Koch, J., Lucero, A., Hegemann, L., & Oulasvirta, A. (2019). May AI?. https://doi.org/10.1145/3290605.3300863 
Koch, J., Taffin, N., Lucero, A., & Mackay, W. E. (2020). SemanticCollage: Enriching digital mood board design with 

semantic labels. DIS 2020 - Proceedings of the 2020 ACM Designing Interactive Systems Conference, 407–418. 
https://doi.org/10.1145/3357236.3395494 

Kuniavsky, M. (2003). Observing the user experience: A practitioner’s guide to user research. Elsevier.
Kurtzberg, T. R., & Amabile, T. M. (2001). From Guilford to creative synergy: Opening the black box of team-level 

creativity. Creativity Research Journal, 13(3–4), 285–294. https://doi.org/10.1207/S15326934CRJ1334_06 
Lee, J. H., & Ostwald, M. J. (2022). The relationship between divergent thinking and ideation in the conceptual design 

process. Design Studies, 79, 101089. https://doi.org/10.1016/j.destud.2022.101089 
Lobbe, J., Bazzaro, F., & Sagot, J. C. (2021). Innovation in collaborative design: An exploratory study in hackathon. 

International Journal of Design Creativity and Innovation, 9(2), 119–137. https://doi.org/10.1080/21650349.2021. 
1894989 

Miles, M. B., Huberman, M., & Saldana, J. (2020). Qualitative data analysis (4th) ed.). SAGE.
Ocnarescu, I., Pain, F., Bouchard, C., Aoussat, A., & Sciamma, D. (2011). Improvement of the industrial design 

process by the creation and usage of intermediate representations of technology, “Techcards”. DPPI’11 - Designing 
Pleasurable Products and Interfaces, Proceedings, c. https://doi.org/10.1145/2347504.2347559 

Oxman, N. (2016). Age of entanglement. Design and Science, MIT Media Lab, MIT Press, 1–11. https://doi.org/10. 
21428/7e0583ad 

Pennington, J., Socher, R., & Manning, C. D. (2014). GloVe: Global vectors for word representation. EMNLP 2014 - 
2014 Conference on Empirical Methods in Natural Language Processing, Proceedings of the Conference, 1532–1543. 
https://doi.org/10.3115/v1/d14-1162 

Peters, D., Loke, L., & Ahmadpour, N. (2020). Toolkits, cards and games – A review of analogue tools for 
collaborative ideation. CoDesign, 1(1), 1–25. https://doi.org/10.1080/15710882.2020.1715444 

Reymen, I. M. M. J., Dorst, K., & Smulders, F. E. H. M. (2009). Co-evolution in design practice. In J. McDonnell & 
P. Lloyd (Eds.), About : Designing. Analysing design meetings (pp. 67–82). Taylor and Francis Ltd.

Sawa, M. (2016). The laboratory life of a designer at the intersection with algal biotechnology. Architectural Research 
Quarterly, 20(1), 65–72. https://doi.org/10.1017/S1359135516000191 

Schön, D. (1991). The reflective practitioner – How professionals think in action. Routledge of Taylor & Francis Group. 
https://www.taylorfrancis.com/books/9781351883160 

Siangliulue, P., Chan, J., Dow, S. P., & Gajos, K. Z. (2016). IdeaHound: Improving large-scale collaborative ideation 
with crowd-powered real-time semantic modeling. UIST 2016 - Proceedings of the 29th Annual Symposium on User 
Interface Software and Technology, 609–624. https://doi.org/10.1145/2984511.2984578 

Simons, T., Gupta, A., & Buchanan, M. (2011). Innovation in R & D: Using design thinking to develop new models of 
inventiveness, productivity and collaboration. Journal of Commercial Biotechnology, 17(4), 301–307. https://doi. 
org/10.5912/jcb486 

Sosa, R., & Gero, J. S. (2015). EDAM : A computational study of creativity in design : The role of society 
A computational study of creativity in design : The role of society. AI EDAM, 229–244. https://doi.org/10.1017/ 
S089006040505016X 

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 17

https://doi.org/10.1145/3325112.3325271
https://doi.org/10.1109/HICSS.2015.257
https://doi.org/10.1109/HICSS.2015.257
https://doi.org/10.1080/14606925.2019.1613800
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1145/3359132
https://doi.org/10.1023/A:1008642111457
https://doi.org/10.21428/f4c68887
http://dx.doi.org/10.4108/eai.13-7-2018.159623
http://dx.doi.org/10.4108/eai.13-7-2018.159623
http://resolver.tudelft.nl/uuid:0a7a57d4-c846-4458-a59f-24c25acbafa9
http://resolver.tudelft.nl/uuid:0a7a57d4-c846-4458-a59f-24c25acbafa9
https://doi.org/10.1016/j.destud.2008.03.003
https://doi.org/10.1145/3290605.3300863
https://doi.org/10.1145/3357236.3395494
https://doi.org/10.1207/S15326934CRJ1334_06
https://doi.org/10.1016/j.destud.2022.101089
https://doi.org/10.1080/21650349.2021.1894989
https://doi.org/10.1080/21650349.2021.1894989
https://doi.org/10.1145/2347504.2347559
https://doi.org/10.21428/7e0583ad
https://doi.org/10.21428/7e0583ad
https://doi.org/10.3115/v1/d14-1162
https://doi.org/10.1080/15710882.2020.1715444
https://doi.org/10.1017/S1359135516000191
https://www.taylorfrancis.com/books/9781351883160
https://doi.org/10.1145/2984511.2984578
https://doi.org/10.5912/jcb486
https://doi.org/10.5912/jcb486
https://doi.org/10.1017/S089006040505016X
https://doi.org/10.1017/S089006040505016X


Star, S. L., & Griesemer, J. R. (1989). Institutional ecology, translations and boundary objects: Amateurs and 
professionals in Berkeley Museum of Vertebrate Zoology, 1907-39. Social Studies of Science, 19(3), 387–420. 
https://doi.org/10.1177/030631289019003001 

Stompff, G., Smulders, F., & Henze, L. (2016). Surprises are the benefits: Reframing in multidisciplinary design teams. 
Design Studies, 47, 187–214. https://doi.org/10.1016/j.destud.2016.09.004 

Tur, G., Stolcke, A., Voss, L., Peters, S., Hakkani-Tur, D., Dowding, J., Favre, B., Fernandez, R., Frampton, M., 
Frandsen, M., Frederickson, C., Graciarena, M., Kintzing, D., Leveque, K., Mason, S., Niekrasz, J., Purver, M., 
Riedhammer, K., Shriberg, E., . . . Yang, F. (2010). The CALO meeting assistant system. IEEE Transactions on 
Audio, Speech and Language Processing, 18(6), 1601–1611. https://doi.org/10.1109/TASL.2009.2038810 

Välk, S., Maudet, N., & Mougenot, C. (2019). Exploring how boundary objects can support multidisciplinary design 
and science collaboration. International Association of Societies of Design Research. http://hdl.handle.net/10044/ 
1/73564 

Vasconcelos, L. A., & Crilly, N. (2016). Inspiration and fixation: Questions, methods, findings, and challenges. Design 
Studies, 42, 1–32. https://doi.org/10.1016/j.destud.2015.11.001 

Wang, H. C., Cosley, D., & Fussell, S. R. (2010). Idea expander: Supporting group brainstorming with conversation-
ally triggered visual thinking stimuli. Proceedings of the ACM Conference on Computer Supported Cooperative 
Work, CSCW, 103–106. https://doi.org/10.1145/1718918.1718938 

Weidner, B. V., Nagel, J., & Weber, H. J. (2018). Facilitation method for the translation of biological systems to 
technical design solutions. International Journal of Design Creativity and Innovation, 6(3–4), 211–234. https://doi. 
org/10.1080/21650349.2018.1428689 

Wróbel, A. E., Cash, P., & Lomberg, C. (2020). Pro-active neutrality: The key to understanding creative facilitation. 
Creativity and Innovation Management, 29(3), 424–437. https://doi.org/10.1111/caim.12372 

Zhu, L., Mussio, P., & Barricelli, B. R. (2010). Hive-mind space model for creative, collaborative design. Informatica, 
121–130. http://portal.acm.org/ft_gateway.cfm?id=1854988&type=pdf&coll=DL&dl=GUIDE&CFID= 
7452726&CFTOKEN=68446889 

Zimmerman, J., Forlizzi, J., & Evenson, S. (2007). Research through design as a method for interaction design 
research in HCI. Conference on Human Factors in Computing Systems - Proceedings, 493–502. https://doi.org/10. 
1145/1240624.1240704

18 S. VÄLK ET AL.

https://doi.org/10.1177/030631289019003001
https://doi.org/10.1016/j.destud.2016.09.004
https://doi.org/10.1109/TASL.2009.2038810
http://hdl.handle.net/10044/1/73564
http://hdl.handle.net/10044/1/73564
https://doi.org/10.1016/j.destud.2015.11.001
https://doi.org/10.1145/1718918.1718938
https://doi.org/10.1080/21650349.2018.1428689
https://doi.org/10.1080/21650349.2018.1428689
https://doi.org/10.1111/caim.12372
http://portal.acm.org/ft_gateway.cfm?id=1854988%26type=pdf%26coll=DL%26dl=GUIDE%26CFID=7452726%26CFTOKEN=68446889
http://portal.acm.org/ft_gateway.cfm?id=1854988%26type=pdf%26coll=DL%26dl=GUIDE%26CFID=7452726%26CFTOKEN=68446889
https://doi.org/10.1145/1240624.1240704
https://doi.org/10.1145/1240624.1240704

	Abstract
	1. Context and objective
	2. Theoretical foundations
	2.1. Interdisciplinary creative ideation
	2.2. Fixation in designing and shared understanding
	2.3. CSTs for interdisciplinary ideation
	2.4. Research scope and objective

	3. Development of The Ideation Compass
	3.1. Overview of The Ideation Compass web-app
	3.2. Computational model and implementation

	4. Evaluation of The Ideation Compass with users
	4.1. Objective and protocol

	5. Workshop
	6. Interviews
	6.1. Participants
	6.2. Interview coding and analysis

	7. Results
	7.1. Diversity of topics
	7.2. Effects of real-time topic visualization
	7.3. The Ideation Compass’s potential to leverage individual and collaborative creativity
	7.4. Perception of users’ behaviors
	7.5. Potential future directions

	8. Discussion
	8.1. Effects of topic visualization on creativity and fixation
	8.2. Team collaborative process
	8.3. Limitations of the study
	8.4. Implications for future developments in live topic visualization

	9. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

