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Abstract. The rise of remote work has reshaped how design teams col-
laborate, introducing challenges in replicating the benefits of in-person 
collaboration. As remote collaboration normalized, accelerated by the 
COVID-19 pandemic, new challenges emerged that had previously gone 
unnoticed. Among these, designers report the loss of co-exploration, 
the experience of iteratively exploring prototypes, ideas, and concepts 
together. Prior research has identified five patterns of co-exploration, 
demonstrating its functional and social value in collaborative design. 
However, because that research was conducted in educational settings, it 
remains unclear whether the five co-exploration patterns also reflect the 
experiences of professional designers, and how such co-exploration should 
be supported in remote design activities based on expert perspectives. To 
explore these questions, we interviewed design experts to examine how 
the five co-exploration patterns apply in both co-located and remote 
settings. While they described a variety of challenges in remote col-
laboration, our analysis showed how remote collaboration affects both 
the execution and quality of co-exploration. These findings informed a 
speculative ideation process, in which experts used Inspiration Cards 
to propose solutions grounded in practice. Their insights revealed the 
importance of shaping conditions that support co-exploration through 
the coordinated use of people, materials, and interactions. These find-
ings led to the development of the Designing Tools for Co-exploration 
(DTC) guideline, which provides intermediate-level design knowledge to 
guide tool creation and help design teams strengthen their collaborative 
practices. 

Keywords: Remote design collaboration · Co-exploration · Designerly 
activity · Expert interview · Design guidelines 

1 Introduction 

In the post-COVID-19 era, remote work has become increasingly common, offer-
ing the opportunity to collaborate with talented individuals worldwide while 
saving on travel time (and cost) and reducing our carbon footprint [ 24]. How-
ever, the effectiveness of remote collaboration, particularly in creative industries, 
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remains a point of debate. Industries that thrive on collective creativity and phys-
ical interaction struggle to replicate the dynamics of co-located collaboration. In 
design, remote collaboration presents challenges; researchers such as Ostergaard 
and Summers emphasized that distributed design teams require targeted and 
specialized support compared to collocated teams [ 46]. 

Comparative studies on remote and co-located design collaboration high-
light these challenges. Remote collaboration tends to reduce engagement, lim-
its ideation, and complicates communication between team members. For 
example, designers working remotely may produce fewer design alternatives 
[ 20] and use fewer gestures [ 13]. To mitigate these challenges, researchers 
in Human-Computer Interaction (HCI) and Computer-Supported Cooperative 
Work (CSCW) have developed various tools that bring back qualities of in-
person collaboration benefits. These tools support a variety of activities such 
as remote co-sketching [ 54], physical interactions with design materials [ 23,53], 
sharing work-in-progress in online communities [ 30], and enabling informal com-
munication before and after formal meetings [ 26]. While these tools are valu-
able, such task-specific solutions often fall short of addressing the full complexity 
of remote design collaboration. More specifically, Idi and Khaidzir emphasized 
that design collaboration involves multidisciplinary aspects, which encompasses 
not only communication, technology, and social interaction, but also design the-
ories, processes, and methods [ 28]. 

Fifteen years after Gary and Judith Olson’s foundational work “Distance 
Matters” [ 45], Bjørn et al. revisited the question of whether distance still mat-
ters in light of technological advances and evolving work practices [ 4]. As remote 
work has become even more prevalent, particularly post-COVID-19, this ques-
tion is more relevant than ever. Following this work, we focused on the design 
field to investigate emerging challenges that had previously gone unnoticed. 
Recent research by Ye et al. highlighted a loss of co-exploration in remote design 
teams, the experience of iteratively exploring prototypes, ideas, and concepts 
together [ 56]. They called for attention to co-exploration when designing tools 
for remote collaboration. Our study responds to this call, seeking to understand 
how co-exploration can be effectively supported. 

This paper presents a follow-up study that builds on prior research aimed 
at understanding co-exploration, where five recurring patterns were identified 
through a longitudinal study of 16 student design teams. Extending this work to 
the professional design context, we gathered insights from experienced design-
ers to explore how co-exploration manifests in remote collaboration. Experts 
reflected on the five patterns, shared practical challenges, and engaged in spec-
ulative ideation using Inspiration Cards to envision new tool concepts. By ana-
lyzing their ideas and rationales, we identified recurring themes and mapped 
their interconnections. These insights are synthesized into the Designing Tools 
for Co-exploration (DTC) guideline, which offers intermediate-level knowledge 
[ 25] to support tool development for remote co-exploration. The guideline serves 
as both a starting point for design focus and a reflective resource for evaluating 
design decisions and outcomes.
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Together, this work expands the understanding of co-exploration in profes-
sional design collaboration, offers actionable insights through the DTC guideline, 
and addresses remote design collaboration as a complex topic. By considering 
social interactions, materials, and collaborative dynamics, it provides a more 
holistic and applicable foundation for improving the remote design experience. 

2 Background and Related Work 

The design process is inherently iterative and exploratory, evolving through a 
dynamic interaction between problem and solution spaces [ 11] – a process char-
acterized as ‘design as exploration’ [ 22]. This process embraces uncertainty and 
creativity, allowing teams to explore ‘what’ to create without a predetermined 
‘how’ [ 10]. Within collaborative settings, this exploratory spirit becomes deeply 
social, as team members contribute diverse perspectives to build common ground 
when collaborators engage in communication and express confirmation of com-
prehension through words or bodily movements - an aspect central to effective 
remote collaboration, as emphasized in research on why distance matters during 
remote collaboration [ 4,45]. 

However, remote collaboration introduces challenges to these collaborative 
dynamics. Studies have shown that remote collaboration tends to reduce engage-
ment, limit ideation, and complicate communication between team members. 
Hammond et al. [ 20] found that, although designers spent more time collab-
orating in a distributed collaborative design process, they experience higher 
workloads and discuss fewer topics. Rice et al. [ 47] reported that distributed 
teams show lower effectiveness in understanding and negotiating concepts. Eris 
et al. [ 13] added that distributed collaborators use fewer gestures, with graph-
ical communication appearing to increase as a compensatory mechanism. The 
remote settings, according to Kvan [ 35] and Cross [ 9], can lead to compromised 
design decisions, restricting the ability to explore the best solutions. 

These challenges have prompted a wave of tool development aimed at recreat-
ing the affordances of in-person collaboration. For instance, DigitalDesk [ 54] sup-
ports remote co-sketching, while DigiTable [ 7] and ClearBoard [ 29] integrate ges-
tures and eye contact for richer interactions. For activities such as brainstorming, 
the Distributed Designers’ Outpost [ 31] incorporates physical elements like post-
its as interaction primitives. Beyond sketching, design processes often involve 
collaborating around 3D objects. Tools such as Syco3D [ 44] enable real-time 3D 
CAD modeling, and the Immersive Discussion Tool (IDT) [ 8] facilitates reason-
ing and annotating 3D models during discussion. More comprehensive platforms 
like CollaboVR [ 23] and BeHere [ 53] allow remote teams to manipulate, point at, 
and edit 3D objects remotely, combining multiple functions to support different 
actions during the design process. 

The COVID-19 pandemic drastically accelerated the adoption of remote col-
laboration, further amplifying the urgency of understanding how to support it
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effectively. Alongside new practices, new challenges also emerged. For exam-
ple, Ye et al. [ 56] reported a loss of co-exploration during remote prototyp-
ing, where designers experienced reduced collaborative engagement. Activities 
such as jointly editing, manipulating, and interacting with prototypes while 
building on each other’s ideas became less frequent. They called for tools that 
better support these co-explorative activities. 

Yet this raises a deeper question: what exactly are co-exploration activities? 
Although the term may sound self-explanatory, its meaning remains unclear 
in the literature. In some contexts, it has been used interchangeably with col-
laborative design exploration, such as when using cultural probes to support 
shared interpretation and new understanding in early design stages [ 40]. In other 
cases, it is described as a continuous team activity spanning the design process 
– from brainstorming and concept development to prototyping and evaluation 
[ 52]. This inconsistency is not unique to co-exploration; as Mattelmäki and Visser 
[ 41] noted, the widespread use of “co-” terms in design research often leads to 
conceptual ambiguity, with many terms lacking clearly defined boundaries or 
distinct contributions. 

Recognizing this ambiguity, we argued that it is necessary to first under-
stand what co-exploration is before proposing how to support it. We conducted 
a five-month longitudinal study following the full design processes of 16 stu-
dent teams. Across 1562 documented activities, we identified 161 instances as 
co-exploration activities for further examination. As shown in Fig. 1, we devel-
oped a four-dimensional analytical framework that divides co-exploration into 
two stages: before and during the activity. Each stage includes two dimensions. 
The framework is read vertically. The first two columns represent the Pre-co-
exploration phase: (1) how information is shared in advance (e.g., synchronously 
or asynchronously), and (2) how diverse insights are introduced (e.g., individ-
ually prepared or generated through group methods). The next two columns 
correspond to the During co-exploration phase: (3) the type of communication 
that occurs (e.g., diverging to generate more ideas or converging to refine exist-
ing thoughts), and (4) how participants are physically or virtually distributed 
(e.g., all co-located, hybrid, or fully remote). Each co-exploration activity is 
described by selecting one value from each of the four dimensions, allowing for 
the visualization and comparison of different types of collaborative engagement 
across teams. From 161 documented co-exploration activities, we identified five 
recurring patterns: 

1. Merging Different Insights: Co-exploration happens when teams synthesize 
different perspectives to unify varied ideas into a coherent design direction. 

2. Reflecting on Existing Materials: Co-exploration occurs as teams revisit ear-
lier work to regain shared understanding and clarify assumptions. 

3. Refining Initial Concepts: Teams experience co-exploration by jointly refining 
already aligned ideas, adjusting and enriching them to develop more focused 
design concepts.
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4. Generating More Ideas: Co-exploration emerges when teams engage in idea-
generation sessions, using creative techniques to build on each other’s insights 
and uncover unexpected design directions. 

5. Seeking Cooperation: Co-exploration occurs when people from different teams 
spontaneously look for ways to connect their designs, exploring how to avoid 
conflicts, share data or resources, or ensure that separate design outcomes 
can work together effectively. 

Fig. 1. The analytical framework for examining co-exploration activities. 

Although participants engaged in many collaborative design activities, only 
a small portion were described as co-exploration. Activities that appeared sim-
ilar in form differed in how they were experienced–what mattered was not the 
type of activity, but the way people engaged with it. Factors such as attitudes, 
communication dynamics, shared goals, and interpersonal relationships shaped 
whether a moment became co-explorative or remained task-driven. These find-
ings highlight that co-exploration is not a fixed activity but an emergent experi-
ence shaped by context. As Hassenzahl [ 21] noted, while experiences cannot be 
replicated exactly, we can shape the conditions so that the desired experience is 
more likely to occur. Supporting co-exploration, therefore, means creating the 
right conditions for it to emerge
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3 Method  

This study received ethical approval from the university’s Ethical Review Board, 
and informed consent was obtained from all experts before the study commenced. 

3.1 Professional Design Experts 

In this study, we aimed to involve experts from various roles within the design 
industry to ensure a broad spectrum of knowledge and experience. We recruited 
eight professionals holding different positions across multiple design companies, 
each with extensive experience ranging from years to decades. An overview of 
recruited experts and their respective background information can be found in 
Table 1. We asked them about the typical scale of their collaborative teams, 
focusing on how many people they closely collaborate with and the types of occu-
pations these collaborators have. The team sizes reported varied but generally 
consisted of small groups. Since we are especially interested in remote collabo-
ration, we gathered information on their experience with remote design collabo-
ration. The responses revealed varying levels of remote collaboration, including 
working with colleagues in different cities, neighboring countries, and various 
parts of the world. 

Table 1. Overview of recruited experts and their respective background information 

Expert Experience (years) Position Team scale (people) Location of remote collaborators 
P1 6–10 Design engineer 6–10 Various parts of the world 
P2 >35 Design engineer 6–10 Various cities in same country 
P3 26–30 Design consultant 1–5 Various cities in same country 
P4 6–10 Industrial designer 6–10 Neighboring countries 
P5 >35 CEO of design studio 1–5 Neighboring countries 
P6 16–20 Product designer 1–5 Various cities in same country 
P7 6–10 Head of product 1–5 Various parts of the world 
P8 6–10 COO of design studio 6–10 Neighboring countries 

3.2 Procedure 

The study consisted of a series of one-on-one semi-structured interviews, divided 
into two phases: Experience-mapping exercise and an ideation practice. The 
study materials used in each part are explained in detail in Sect. 3.3. With the 
expert’s consent, we audio-recorded the study for later analysis. 

In the experience-mapping exercise, we introduced the five patterns of co-
exploration and explained the double-diamond model. To ensure participants 
had a clear understanding of the concept, we first walked through each of the 
five patterns in detail, providing concrete examples from previous studies to illus-
trate what each pattern looked like in practice. After this introduction, Experts
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were provided with color-coded tokens representing each pattern and asked to 
map their co-exploration experiences on a double-diamond model - first for co-
located and then for remote experiences. This exercise aimed to 1) gain insights 
into experts’ experiences with co-exploration in both co-located and remote set-
tings. and 2) ensure that experts had a clear understanding of co-exploration 
before proceeding to the ideation practice. While we acknowledge ongoing cri-
tiques of the Double Diamond model for oversimplifying real-world design prac-
tices, we align with Kochanowska and Gagliardi’s perspective that it serves as a 
useful point of reference rather than a prescriptive framework [ 33]. Our intention 
was not to enforce a strict process but to use the model as a tangible prompt 
to encourage experts to reflect on, discuss, and articulate their co-exploration 
experiences through storytelling and dialogue. 

In the ideation practice, we used Inspiration Cards to prompt experts to 
envision tools and solutions for supporting remote co-exploration. To help par-
ticipants get familiar with the method, the first author introduced the cards one 
by one, explaining the meaning of each card and how it related to challenges in 
remote collaboration. When participants asked for further clarification, we pro-
vided examples of existing tools or research to illustrate how such challenges had 
been addressed in other contexts. Experts could start with either the Domain 
Cards, if they had specific co-exploration experiences in mind, or the Technology 
Cards if they were inspired by a particular technology and wanted to explore 
its potential applications. Our goal in this phase was to have experts draw from 
their own experiences to speculate on how remote co-exploration could be bet-
ter supported. By analyzing the envisioned solutions and underlying rationale, 
we aimed to extract design knowledge to inform guidelines for developing tools 
that support remote co-exploration. Throughout the interviews, the first author 
positioned themselves as a listener and learner, encouraging experts to point out 
any missing aspects of co-exploration or suggest additional patterns that better 
reflected their experiences. 

3.3 Study Materials: Maps, Tokens, and Inspiration Cards 

The study involved several materials to support both the experience-mapping 
exercise and the ideation practice. To help participants grasp the five co-
exploration patterns, we first provided illustrated sketch cards (70×140 mm) as 
visual references, making the abstract concepts more tangible. For the mapping 
activity itself, experts used an A3 Double Diamond map along with a set of color-
coded circular tokens (25 mm), each corresponding to one of the five patterns. 
These tokens enabled participants to annotate and reflect on their past co-located 
and remote co-exploration experiences directly on the map. This reflective activ-
ity helped ground their thinking and prepared them for the ideation phase. 

In the ideation practice, we followed the Inspiration Cards approach [ 19] 
to develop the Domain Cards and Technology Cards. The Domain Cards rep-
resented the five co-exploration patterns, providing experts with a goal of the 
types of activities their tools could support. The Technology Cards were designed 
to cover a range of tools and technologies, encouraging experts to think about
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how these could support remote co-exploration activities. These technology cards 
were first informed by including key elements from a comprehensive review of 
the current state of remote assistance technologies, devices, visual display tech-
nologies, and communication cues [ 12]. This was then finetuned through the 
lens of a second literature review that addressed the specific needs of designers 
during remote collaboration [ 57]. These two reviews ensured that our selection of 
technologies addressed practical demands in remote collaborative design. When 
determining the number of cards to include, we were guided by Lucero et al. [ 38], 
whose work showed how the number of cards affects experts’ engagement with 
the design process. Following their insights, we included 33 Technology Cards 
and 5 Domain Cards (Appendix A), ensuring experts were inspired without 
becoming overwhelmed by too many choices. 

Fig. 2. Study setup showing an expert engaging with sketching and Inspiration Cards 
during the ideation session, with mapping materials and pattern tokens visible in the 
background. 

A pilot study led to card refinements: reducing images to one for clarity and 
resizing to post-it size (75 × 75mm) for better A3 poster integration. Blank cards 
were also provided so that experts could add specific terms during their ideation 
sessions. As depicted in Fig. 2, an expert used the materials to sketch ideas on 
a poster, with the full card set laid out nearby, including a newly created card 
labeled “facial expression.”
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3.4 Data Collection and Analysis 

To gain firsthand insights into their everyday working environment, we con-
ducted interviews at their design studios, allowing them to reference specific 
projects, tools, and materials. This provided a more contextual understanding 
of their design processes. With their consent, interviews were audio-recorded, 
and photos were taken of study materials, including double-diamond maps and 
idea posters. In total, we collected 15 h of audio data and 24 posters – 22 con-
taining fully formed ideas with implementation thoughts and two depicting past 
co-exploration scenarios that aided recall but did not generate new tool ideas. 

For the first part of the analysis, we employed an inductive/deductive hybrid 
thematic approach [ 14] in MAXQDA [  17]. Given that our study was grounded in 
the co-exploration framework and existing literature, our goal was not to intro-
duce new terms but to provide actionable insights. This hybrid method allowed 
us to use predefined concepts while remaining open to emerging themes through 
iterative review. By analyzing how experts mapped the five co-exploration pat-
terns and described their experiences in both co-located and remote settings, 
we identified the specific impacts of remote collaboration on co-exploration in 
professional practice. 

Fig. 3. An excerpt from our analysis, illustrating idea no. 10 is annotated with quotes 
(in rectangular boxes) and categorized into themes (in bold fonts) with distinct colors. 

In the second part of the analysis, we sought to visually connect the experts’ 
ideas with their underpinning theories, as shown in Fig. 3. Drawing inspiration 
from Sauerwein et al.’s work [ 48], where they adapted the original concept of 
annotated portfolios as an instrument for analyzing interviews, we applied this 
approach to our study. We followed a five-step process to conduct our analy-
sis: We (1) highlighted 244 relevant quotes (between 18 and 39 per interview)
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by reading through the transcriptions multiple times and marking all relevant 
passages. (2) We summarized these quotes and connected them to specific parts 
of the ideas. (3) We categorized the quotes into themes, assigning different colors 
to represent each theme. (4) We organized the themes into hierarchies to deter-
mine relationships and overall structure. (5) We examined connections between 
ideas across the annotated posters and conducted a map of the themes and key 
aspects (Appendix B). 

4 Results 

This section presents expert insights on co-exploration and ideas for supporting it 
remotely. We analyzed challenges and proposed solutions, identifying key themes 
and relationships (Appendix B). While these themes reflected the participants’ 
input, the lines between them were not explicit. To clearly communicate these 
insights, we sought a structured approach that provides a clearer and more 
comprehensive representation. 

Fig. 4. A map illustrates three conceptual spaces, with people, materials, and interac-
tions that occur in these spaces marked. 

Drawing from co-located collaboration, we structured our findings around 
three distinct but interconnected spaces: working space, meeting space, and 
project-specific space (Fig. 4). These spaces reflect how people, materials, and 
interactions intertwine in co-exploration. We then use narratives to explore how 
each space supports different co-exploration activities. 

4.1 Iterative Exploring vs. Linear Searching 

Participants noted that co-exploration patterns still occur in remote settings, but 
less frequently and with different qualities (P1, P2, P4, P7, P8). In co-located 
environments, design teams often engage in an iterative process. P7 described
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it as “trying to discover what is the actual problem and solve it on the go.” In 
contrast, remote co-exploration tends to be more linear and task-driven (P7). 
They noted, “It’s much more functional and focused on the problem at hand.” 
This shift toward linearity was also reflected in their hesitation when mapping 
the five patterns on the remote map, stating, “Maybe it is [co-exploring], but 
then it’s like you propose a solution and the other one will say those solutions 
do or don’t work. Instead of saying ‘OK, but we could also do this.’ ” P8 shared 
similar concerns, explaining that “There’s much less of what people would call 
a creative atmosphere, where you have the freedom to think around and build 
on the ideas of someone else.”Additionally, remote collaboration often requires 
more time, yet stakeholders may not understand this added effort. As a result, 
P8 said that they “definitely do less iteration” in remote settings. 

4.2 The Impact of Lost Informal Social Interaction 

Experts identified the loss of social interaction as a critical issue in remote set-
tings. While co-located teams benefit from spontaneous conversations, such as 
at the coffee machine, in the corridor, or at someone’s desk, remote collaboration 
often confines communication to formal meetings (P1, P2, P5). These informal 
moments are crucial for surfacing concerns and maintaining team alignment. As 
P2 noted, “They know it [the design outcome] is not good, but the interaction 
between them is so poor. If you are with people in one place. In the social interac-
tion, you can say, OK, what are we gonna do? Are we gonna leave it like that?” 
The absence of such informal moments can delay discussions of key issues, com-
promising outcomes or allowing crucial problems to go unaddressed until it’s too 
late. P7 reflected, “At some point, you say maybe this is good enough. If there 
wasn’t such a pain in communication, we would do something more.” Across all 
interviews, experts expressed trying different approaches to adapt, but progress 
and team morale still slow down, as P1 put it: “It slows down the progress and 
can really slow down the mood.’ 

4.3 The Burden of Preparation for Remote Co-exploration 

In co-located settings, co-exploration occurs naturally and is spread more evenly 
across the design process. In contrast, remote collaboration often compresses 
multiple co-exploration activities into a single meeting. P1 attributed this to 
the accumulation of deferred issues, requiring them to be addressed all at once. 
With limited information sharing between meetings, participants arrive with 
prepared questions and insights, leading to an overloaded and often exhausting 
experience. P3 emphasized the huge preparation effort remote co-exploration 
demands. While sketches or mood boards (P6) can be shared in real-time, other 
materials, such as 3D print files with assembly instructions (P1), or prototypes 
(P5), must often be sent in advance to allow participants to review. P8 added 
that maintaining engagement requires making meetings more interactive. P2 
and P4 expressed frustration that the time invested in preparation does not
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necessarily improve design quality. As P4 remarked, “Preparing presentations is 
time-consuming, and it doesn’t really help you with the design process.” 

4.4 Specific Challenges and Participants’ Ideas for Tackling Them 
Meeting Space. The meeting space was frequently described as the primary 
setting for co-exploration. This is also how experts began their ideation. As 
Fig. 3 shows, P1 structures a meeting scenario in the discovery phase. Their 
ideas clustered around three elements: people, materials, and interactions. 

People: As outlined in Sect. 2, insights emerge through individual prepara-
tion, group-based techniques, or spontaneous contributions from knowledgeable 
participants. Experts noted that in remote settings, the absence of proximity-
based awareness makes individual preparation more important (P3, P4, P5). 
P3 shared experiences of constantly sending pictures of their work to the group 
chat to ensure alignment. P5 described this as “preparing them as members of 
the process,” highlighting the need to keep everyone aligned. 

Materials: Synchronizing and accessing shared materials proved challenging. 
14 of 22 tool ideas involved design artifacts. P8 suggested using identical kits 
inspired by the Apollo 13 mission, where NASA engineers on Earth had to 
quickly build and test solutions using identical materials to those available to 
astronauts in space [ 2]. Other suggestions included robotic arms for remote clay 
modeling (P1) and using auditory cues to convey physical properties like shape, 
color, and texture (P6). P2 emphasized continuity by proposing a portable kit 
to preserve the state of whiteboards or post-its between sessions:“Then everyone 
enters the room, and you say let’s start from where we were last time.” 

Interactions: Interactions in the meeting space revolve around the dynamic 
between people-material interactions and people-people interactions. Experts 
described the difficulty of balancing the visibility of people and materials in 
video calls (P1, P3, P7). Co-located collaboration enables richer non-verbal cues 
(P2) and sustained engagement (P1, P3, P5, P8), which are difficult to replicate 
online. P2 lamented the lack of such subtleties in remote settings: “You cannot 
see whether they are bored, or starting to yawn, or still listening, or they’re on 
their phone while you’re presenting. It’s terrible.” To address these challenges, 
P3 and P5 suggested incorporating regular breaks into remote co-exploration 
sessions to mitigate Zoom fatigue [ 3]. P1 and P7 imagined AI-enhanced white-
boards that could generate quick concept suggestions, as P7 explained, “You 
put your post-its there, and then it immediately generates for you an example of 
what it could look like”’ Another key aspect that participants missed was spon-
taneous side conversations. P8 suggested using eye gaze to trigger brief sidebar 
conversations, supporting the kind of informal interaction that often leads to 
new insights. 

Working Space. Co-located working spaces facilitate spontaneous interactions 
that foster social connections and design awareness. Six experts (P1, P2, P3, P5, 
P6, P7) emphasized the value of this shared space, and three experts (P2, P5, 
P7) proposed tools to address the lack of such spaces in remote collaboration.
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People: The absence of informal social remote environments made it harder 
to maintain awareness of colleagues’ work (P1, P3, P5, P7), often leading to “cold 
starts” in meetings (P2). P3 used WhatsApp to share updates asynchronously. 
P7, missing overheard conversations that sparked co-exploration, envisioned a 
gaze-based tool to signal interest in spontaneous discussion. 

Materials: The physical working space not only provides a place for people 
to gather but also holds the tangible materials that inspire co-exploration. P6 
criticized the sterility of digital environments: “Designers need catalysts, as a 
designer, your environment is the catalyst, online environment is too clean!” 
P5 proposed setting up a dedicated room with visual stimuli. Referencing their 
office, they advised the author to print and hang materials: “It’s different than 
having it on the screen.” 

Interactions: P1 noted that many activities in co-located collaboration hap-
pen outside formal meetings. P5 envisioned a shared virtual space where team 
members could meet regularly, just like real-life office routines: “If we are not 
in the same location, I create a same location, everyone is in the same virtual 
space.” Such informal meetups, they explained, might make collaborators feel 
more comfortable sharing concerns or discussing mistakes – topics harder to 
address in formal settings. P2 shared how casual encounters in offices allowed 
for easier discussions of mistakes: “Massive amounts of these design engineers 
like me make something that they know is not good. But the interaction between 
them and the higher management and everybody is so poor [...] If they are all 
together, then they can bring a piece of cake, like ‘Hey, I have a big cake for us, 
and I have bad news: I made a little mistake [...] You don’t do it with people on 
Teams.” During the ideation practice, P2 emphasized the need to design remote 
experiences that feel “more human, more communicative.” 

Project-Specific Space. Project-specific spaces serve as repositories for ongo-
ing work, often found within both working and meeting areas. These spaces–filled 
with uncleaned whiteboards, mind maps, reference images, and prototypes–help 
teams revisit, refine, and continue their design work. Five experts (P2, P3, P4, 
P6, P7) emphasized the value of this space, with four experts (P2, P3, P6, P7) 
offering specific ideas. 

People: Unlike the working space, which centers on individual tasks, the 
project-specific space emphasizes team progress. P3 described their textile lab 
as a project-specific space where team members could explore machinery, leading 
to new insights and a shared understanding that advanced co-exploration. 

Materials: P6 stressed the need to be physically surrounded by materials and 
proposed a shared digital table to synchronize drawings and annotations across 
locations. P7 similarly envisioned a “shared remote desk” projecting 2D and 3D 
artifacts across collaborators’ spaces to ensure accessibility and continuity. 

Interactions: P2 missed the large table in their previous workspace, which had 
encouraged spontaneous discussions when people passed by. They envisioned a 
shared virtual meeting room that would display project-related information, such 
as to-do lists and references, creating a persistent project-specific context for all
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collaborators. P4 shared their positive experience of setting up such a virtual 
space using Gravity Sketch, where they integrated research images and pin-
boards for references, helping their team maintain focus and revisit key project 
information. 

5 Discussion 

Through in-depth interviews with eight experts in design who are experienced in 
both co-located and remote co-exploration, we gained valuable insights into the 
dynamics of co-exploration across different settings. Our evaluation confirmed 
that co-exploration still occurs in remote settings, although the execution and 
quality of co-exploration were negatively impacted. These challenges prompted 
experts to propose concepts aimed at overcoming the challenges of remote envi-
ronments. We documented their ideas and rationales in tables to provide a clear 
understanding of how to support remote co-exploration. In the following dis-
cussion, we explore the evolving dynamics of co-exploration, operationalize the 
design knowledge gathered, and reflect on the experts’ critiques and visions for 
new technologies. Finally, we present an updated version of the co-exploration 
framework, incorporating these insights. 

5.1 Persistent Patterns and Changing Dynamics 

Recent research during the COVID-19 pandemic highlighted that design teams 
felt co-exploration was missing in remote collaborations due to inadequate tools 
for conveying ideas [ 56]. While our study appears to contrast with these findings, 
as the experts we interviewed recognized all five patterns of co-exploration in 
remote processes, our analysis offers three explanations that build upon and 
extend prior research. 

First, advancements in technology and shifting mindsets post-pandemic play 
an important role. Online meeting platforms like Teams and Zoom, along with 
online design collaboration tools such as Miro [ 43] and Gravity Sketch [ 50], have 
strengthened the infrastructure for remote design collaboration. Moreover, as 
remote work became widespread, design teams adapted to these tools and 
workflows [ 36]. Thus, what was perceived as heavily missing has potentially 
rebounded or transformed due to these advancements. 

Second, social bonding remains a critical factor. Previous studies indicated 
that teams without prior in-person interaction struggled with misunderstandings 
and dehumanization during remote work. In contrast, the experts in our study 
had histories of in-person collaboration or were able to meet regularly, building 
trust and understanding of each other’s work styles. These pre-existing bonds 
likely enabled smoother remote co-exploration, as the foundation of rapport had 
already been established. 

Third, there may be a shift in the nature or quality of co-exploration. P7 
noted that remote settings have reduced the creative atmosphere typical in co-
located collaboration. This concern underpins a shift from ‘design as exploration’
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– an iterative exploratory process where both the problem and solution are still 
taking shape [ 22]- to ‘design as search,’ a linear search process where design 
teams focus on solving well-defined problems [ 22]. This observation aligns with 
Brucks and Levav [ 6], who found that virtual interaction narrows the cognitive 
scope and reduces creative idea generation. Similarly, Lin et al. [ 37] found that 
remote collaboration is more often associated with late-stage technical execu-
tion, while co-located teams are more likely to engage in conceptual tasks such 
as idea generation and framing research questions. These results suggest that 
remote collaboration may inherently limit the conditions needed for rich, itera-
tive co-exploration. While experts have adapted co-exploration to remote con-
texts, the reduction of informal communication has compressed spontaneous, 
iterative discussions into fewer, agenda-driven meetings. This shift can con-
strain the exploratory nature of design. As for the quality of co-exploration, 
although the five patterns continue to occur, the depth and breadth of design 
exploration [ 15], described as vertical and lateral transformations in Goel’s the-
ory [ 18], have diminished. This means that although the design process has not 
entirely shifted to a linear problem-solving approach, teams seem to engage in 
less expansive exploration compared to co-located collaboration. As a result, the 
richness of design outcomes has decreased, contributing to the perception that 
co-exploration is lacking in remote settings. 

Our findings do not contradict the prior findings from Ye et al. [ 56] but rather 
provide deeper insights into why design teams felt a loss in co-exploration during 
the pandemic. The five patterns of co-exploration persist, but the experience and 
execution have transformed, highlighting the need for continued adaptation and 
enhancement of design tools to support the co-exploration. 

5.2 Operationalizing the Design Knowledge 

Drawing on insights from our participants, we developed the “Designing Tools 
for Co-exploration” (DTC) guideline, a structured table that organizes design 
knowledge into spaces, themes, key aspects, considerations, and examples. The 
considerations are intentionally phrased as questions rather than instructions, 
reflecting the fact that each remote collaboration unfolds in its own context 
and addresses specific needs. For example, the considerations for the key aspect 
of individual preparation include: “What information should be prepared in 
advance?” and “How can this information be effectively shared?” This app-
roach aligns with how designers typically work, as they continuously reflect 
on what the design challenge is and how it might be addressed [ 11]. To support 
practical use, the guideline includes examples drawn from both existing meth-
ods and expert-generated ideas. These are not intended to prescribe solutions, 
but to stimulate thinking and offer inspiration. Table 2 presents the first three 
columns of the guideline. A complete version, detailing all considerations and 
corresponding examples, is provided in a separate companion publication [ 55]. 

The DTC guideline can be applied in two distinct ways. It serves both as 
a resource for those designing tools to support remote co-exploration and as a 
reflective tool for teams looking to improve their ongoing collaborative practices.
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Designers creating collaboration tools, for instance, may want to reintroduce 
the kinds of spontaneous interactions that typically spark cooperation across 
projects (Pattern 5: seeking cooperation). In remote settings, informal encoun-
ters like hallway chats are often missing. The DTC can help identify ways to sup-
port such interactions virtually, by pointing to aspects such as “Working space 
→ People → Informal encounters” and “Interactions → Informal social inter-
actions.” These entries can inspire features that enable lightweight, impromptu 
exchanges between colleagues. 

Teams already working together remotely can also use the DTC to assess and 
improve how they collaborate. When a team feels stuck and chooses to revisit 
earlier design materials (Pattern 2: reflecting on existing materials), the DTC 
can help them evaluate whether everyone is aware of the need for reflection, ref-
erencing “People → Contextual awareness of the project’s status.” They might 

Table 2. The first three columns of the DTC guideline 

Spaces Theme Key Aspects 
Meeting space People - Contextual awareness of individual’s work-in-progress

- Contextual awareness of project’s status

- Individual preparation 
Materials - Multi-fidelity prototypes

- Accessibility and synchronization

- Meeting continuity 
Interactions - Group-based techniques

- Maintaining enthusiasm and engagement

- Expressing and understanding communication cues

- Facilitating side conversation

- AI-generated content 
Working space People - Informal encounters

- Contextual awareness of individual’s work-in-progress

- Contextual awareness of project’s status 
Materials - Ambient creative stimulus 
Interactions - Informal social interactions

- Maintaining togetherness

- Pre-meeting huddle

- Expressing and understanding communication cues 
Project-specific People - Contextual awareness of project’s status 
space Materials - Material archives for future reference

- Encouraging knowledge sharing

- Accessibility and synchronization 
Interactions - Traces of interactions with materials
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begin with a brief “Pre-meeting huddle” to align expectations. To facilitate the 
session, they would ensure easy access to relevant resources, ensure materials 
are accessible by consulting “Materials → Material archives for future refer-
ence,” and use guidance from “Interactions → Expressing and understanding 
communication cues” to sustain a productive conversation. 

5.3 Views on Recently Prominent Technologies 
AR, VR, and MR offer new possibilities for remote collaboration, particularly 
in training, social activities, and virtual environments such as the Metaverse [ 42]. 
While experts explored these technologies through inspiration cards, half (P2, 
P3, P6, P8) were skeptical about their current value for remote co-exploration. 

Prior research suggests VR adoption evolves over time rather than being 
determined by initial impressions [ 1]. However, P3, an experienced AR/VR user 
and researcher, remained doubtful: “It’s a great area of research. For now, it 
doesn’t really solve anything.” Younger designers, such as P8, echoed concerns, 
noting the distractions caused by the novelty of VR, which often takes focus away 
from the design task. P2 further criticized avatar-based communication for lack-
ing natural expressions, emphasizing that physical presence fosters trust and 
collaboration. These concerns highlight a key limitation of virtual environ-
ments: the disconnect between digital representations and essential human social 
cues [ 34]. 

Despite these concerns, we don’t dismiss the potential of AR, VR, and MR 
technologies. Developments like Apple Vision Pro or Meta Quest 3 demonstrate 
that these tools are evolving. As these technologies mature, they can become 
more intuitive and better suited for co-exploration, especially when designed with 
a deeper understanding of designerly activities and designers’ needs. Our study 
provides intermediate-level design knowledge [ 25] that can guide the development 
of such tools. 

AI-Generated Content (AIGC). Generative AI, combined with large lan-
guage models, is reshaping computer-aided design. AIGC enables designers to 
quickly transform rough ideas into detailed visuals, which may speed up feedback 
loops and lower the barrier to design ideation [ 27]. Studies also show how tools 
like DALL-E and Midjourney help expand ideas and improve communication in 
design workflows [ 5,32]. 

Experts in our study expressed optimism about AIGC’s role in remote co-
exploration, envisioning AI-generated content that enables designers to iterate 
more swiftly. However, introducing highly detailed visuals early in the process 
raises concerns about ambiguity – a critical factor for creativity [ 16]. Ambiguity, 
particularly during the early stages of divergent thinking, helps generate a wide 
range of ideas before narrowing down options through convergent thinking [ 51].
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While AI-generated images can facilitate ideation, excessive detail may constrain 
creativity by limiting open-ended interpretations [ 39]. The challenge, then, is 
balancing AIGC’s efficiency with the need for ambiguity to foster innovation. 

Despite these challenges, AIGC offers promising opportunities for human-
AI collaboration and certainly warrants further investigation and exploration. 
Based on its potential and the insights from our study, we propose adding AIGC 
as an additional value to the “diversity of insights” dimension in our analytical 
framework, providing new ways to enhance and expand idea generation. 

5.4 Difference Between Educational and Professional Design 
Practices 

While we did not find noticeable differences between young and senior profes-
sional designers in terms of the five co-exploration patterns, we did observe clear 
distinctions between professional designers and student teams from our earlier 
study. We received valuable feedback regarding the “people distribution” dimen-
sion. In our previous study within an educational context, we observed student 
teams handing over ongoing tasks due to differing academic schedules. Despite 
these transitions, students continued working on the same design challenge and 
perceived this process as co-exploration. However, none of the experts in our 
current study reported experiencing co-exploration in this manner. P7 explic-
itly disagreed, arguing that such processes should be categorized as “iterative 
design” rather than co-exploration. We align with P7’s perspective and offer the 
following explanation. In educational settings, co-exploration appeared to persist 
because of an ‘information carrier’ – a team member responsible  for transferring  
key insights to others and partially re-experiencing past discussions to maintain 
continuity. In professional design practice, however, this workflow does not exist; 
once a co-exploration has passed, it remains in the past. Co-exploration requires 
active, simultaneous participation, and team members who miss prior discus-
sions must independently catch up before rejoining the process. The absence of 
this workflow in expert interviews suggests it is unique to educational contexts. 

6 Conclusion 

This study offers new insights and practical guidance for supporting co-
exploration in remote design collaboration, articulated through three key con-
tributions. 

First, the study advances the understanding of co-exploration by examin-
ing how five previously identified patterns, originally observed in educational 
settings, manifest in professional practice. Interviews with eight experienced 
designers show that while these patterns persist, their dynamics shift in remote 
settings. Iterative practices are perceived as more linear and goal-driven, with 
teams facing reduced spontaneity and depth in co-exploration.
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Second, it introduces the Designing Tools for Co-exploration (DTC) guide-
line, which translates expert insights into intermediate-level design knowledge. 
Organized into themes, aspects, considerations, and examples, the DTC offers 
actionable guidance for tool developers and serves as a reflective aid for design 
teams. 

Third, it takes a holistic view of remote co-exploration by integrating social 
interaction, material engagement, and collaborative dynamics. This comprehen-
sive perspective emphasizes the need to support the full complexity of remote 
design collaboration. 

Together, these three contributions provide both conceptual depth and prac-
tical direction for improving remote design collaboration. 

A Study Materials: Inspiration Cards 

Cards Categories Name of the cards 
Technology Cards Multi-fidelity proto-

types 
Sketches, Cardboard modeling, 3D 
view, 3D printing, Laser cutting, 
Digital prototyping, Physical proto-
typing, Material testing, Evaluating 

Social cues Hand gestures, Pointing, Eye gaze, 
Annotations, Robotic devices 

Providing different 
use of spaces 

Meeting space, Working space, 
Project-specific space, Display, Pro-
jector, Smart devices, 2D video 
stream, Video camera, Virtual real-
ity, Augmented reality, Mixed real-
ity, 360 panoramas 

Encouraging creative 
social practices 

Brainstorming, Role playing, Co-
reflection 

Domain Cards Five  patterns of co-
exploration 

Merging different insights, Reflect-
ing on existing materials, Refining 
initial concepts, Generating more 
ideas, Seeking cooperation
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B Results: Maps of Identified Themes, Key Aspects, 
and Their Relations Between Them 
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