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Abstract: Due to the sudden transition towards online
learning caused by COVID-19, we realized the urgency of
deepening our understanding of the distributed collaborative
design process. We conducted critical incident interviews to
identify the challenges that design students and professional
designers encountered and how they overcame them in their
work. Based on the insights from this first study, we carried
out an online survey to corroborate our insights. We found
that the shift towards online meetings impacts the
collaborative design process. Most notably it causes reduced
co-exploration in the design process, especially on and with
physical objects. This leads us to the conclusion that the
current strategies are not adequate for facilitating designers
who collaborate remotely. Following our insights, we provide
suggestions for enhancing the supporting tools for the
distributed collaborative design process.
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1. INTRODUCTION

Designers collaborate with each other when dealing with
complex design problems. They share expertise, use diverse
skills, test assumptions, and explore new solutions to
accomplish design tasks [15]. There is an increasing
number of designers who work with others in a distributed
design process over a distance around the globe [13].
Hammond et al. [6] found that although designers spend
more time collaborating in such a distributed collaborative
design process, the limitations of the tools result in fewer
design alternatives. This can even lead to, as Kvan [7] and
Cross [2] argued, designers compromising in design
decisions and only partially satisfying the design
requirements instead of finding the best solutions.

During the past year, COVID-19 was a major event that
forced many traditional co-located design teams to change
into distributed collaborative design teams. Without
sufficient preparation, they lacked tools and experience,
which led to many problems but also interesting solutions.
As researchers interested in supporting the collaborative
design process, we think it is necessary to explore the
influence of COVID-19 on the design process. While we
believe that COVID-19 will eventually ‘go away’, we are
convinced that what we have learned from it will provide us
valuable knowledge and lasting guidance for the distributed
collaborative design process in the future.

We decided to explore the distributed collaboration
according to the double diamond models. To better
understand what was happening to collaborative design
teams during the pandemic, we conducted an exploratory
qualitative study followed by an online survey to confirm
the patterns found in the first study. The rationale for these
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two studies was to learn more about the problems that
designers encountered during remote collaboration and how
they overcame them. We hoped that these results would
allow us to identify the main factors that influenced remote
collaboration for the future development of supporting
tools.

II. RELATED WORK

A. The impact of distributed collaboration

We often assume that designers collaborate better face-
to-face. Therefore, it is interesting to find literature that
contrasts these assumptions. Tang et al. [17] indicated that
when comparing the outcomes from a co-located and a
distributed design team, the design process showed no
significant differences. Mulet et al. [12] also demonstrated
that the degree of novelty was very similar in both
conditions. Both studies generalize their findings to the
overall design process. We do want to notice that the
studies employed controlled and brief processes focused on
early phase design ideation. Both design activities and
outcomes revolved around sketches and text descriptions.
Even when the design focused on interactivity [12],
prototypes and iterative prototyping were not considered.

B. The importance of prototyping

Not all the aspects of a design can be captured in
abstract representations such as text or sketches [5].
Throughout the design process, prototypes act as enablers
for designers to learn related knowledge, explore pain
points, generate new design ideas, and refine the final
design outcomes [9]. In a comparison experiment, Faas et
al. [3] compared the breadth and depth of the design space
in three conditions: sketching only, prototyping only, and
free prototyping & sketching. Results showed that designers
who used both sketching and prototyping techniques
explored design problems in more depth, and the final
design outcomes were perceived as more creative [3].
Prototyping and sketching are important and should be
supported in distributed design processes.

C. Supporting co-exploration in design process

In design studio environments, Vyas et al. [18] observed
that the exploration process is experiential in nature. Co-
exploration may not relate directly to the products
themselves but to interaction and expression that designers
want to communicate through the products. However,
establishing sufficient communication about or with the
physical prototypes is problematic in distributed design
processes [4]. Collaborators normally use front-facing
cameras to show physical objects in video chats [11], which
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causes different views onto the objects and unnatural
interactive behaviors around the prototypes. Aiming at
providing a synchronizing views among remote
collaborators, Telepresence robotics [4] was created to
support remote prototypes critiquing. For having a clearer
view of the target objects, Norris et al. created CamBlend
[14], which provides a high-resolution focus window in the
video system. Physical Telepresence [8] was developed to
show more spatial information display and rich interaction.
These early HCI research projects investigated video-
mediated object-focused collaboration.

III. STUDY ONE: INTERVIEWS

The interviews to elicit reflections on the experiences on
distributed design collaboration caused by COVID-19. The
questions in our interviews covered different perspectives
towards online work:

o  What are the differences in the design process
comparing co-located collaboration and remote
collaboration?

e  Which challenges are encountered and how were
they overcome?

e  Were there any specific strategies when designers
exchanged ideas about and with physical objects
during distributed collaborative design processes?

A. Method

We conducted semi-structured qualitative interviews
with eight participants who had distributed collaborative
design experiences during the pandemic. We used Critical
incident technique [10] to obtain concrete stories related to
online collaborative design. We encouraged the participants
to describe specific, recent incidents as detailed as possible.
We used criterion sampling [16] to ensure that all
participants had experiences with computer-mediated
distributed collaborative design processes.

1) Participants

We aimed for rich insights on distributed collaboration
and scouted for different perspectives.

Four interviewees were design master students who
enrolled in the same design course at X (anonymized)
university. This course focused on design for interaction in
the context of home IoT and required prototyping and
interaction design. Due to COVID19, this was done through
remote cooperation.

Four other interviewees were professionals from three
different companies. We purposefully selected interviewees
from different backgrounds so that we could have a broader
view regarding remote collaboration. P5 and P6 worked in a
software development company (with a 10-hours’ time zone
difference). P5 (CEO of the company) forwarded his
experiences managing a remote collaborative team using an
agile process [1]. P6 (UX designer in the same company)
helped gaining a better understanding of design

collaboration across distance and time-zone boundaries. P7
had worked with a remote partner in a design studio for
over 30 years (with no time-zone difference). In addition to
asking him to share his rich experience in this long-term
collaboration, we were also curious about the new
challenges they encountered and how they overcame them
during the crisis. P8 worked in a conventional co-located
industrial design agency that also had to adapt to COVID-
19.

2) Procedure

The Ethical Review Board of the department of
industrial design, assessed and approved the study.
Informed consent was acquired from all participants.

We interviewed participants through Skype, each for
approximately 45 min. The interviews were conducted to
encourage our interviewees towards reflecting on what
they’ve experienced during the lockdown in terms of online
cooperation. We asked them to describe and reflect on the
remote collaboration they experienced during COVID-19 or
as their past practice. We also asked for visual material
from the design process.

3) Data Collection

We audio recorded and transcribed the 8 interviews and
saved the pictures that our participants showed to us during
the interviews.

4) Analysis

We analyzed the 8 transcriptions using an inductive free
coding approach. Stories from the four students were more
comparable, while the experiences from professionals
brought rich insights from different perspectives. Therefore,
we did not use the same method to describe the coding
results.

We studied the four interviews with students with a
particular focus on the problems that occur after the sudden
transition from face-to-face collaboration to remote online
collaboration. We read and reread the transcriptions and
marked stories with coding tags. After the iterative process
of coding, we aggregated them into 4 major topics with sub
themes.

From the interviews with the four professionals, we
learned about the agile process, international cooperation,
and even some insights into establishing shared
understanding among the teams.

B. Results

This section will present the interview results in two
parts: insights from the students and insights from the
professionals.

a) Insights from the Students

In the coding map (Figure 1), we describe all main
topics and sub themes with code frequencies, and their
intensities of the relations (line width represents the
intensities).
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Fig. 1. The coding map with sub themes, code frequencies, and intensity of the relations.

themes after analyzing the interviews.

e ‘Problems’

Before the lockdown due to the COVID-19, the students
had specific ways to co-design with their teammates. When
COVID-19 hit, they were forced into adopting a completely
remote collaborative design process. The problem of
‘Difficult to exchange ideas in a visual manner’ was most
discussed during our interviews. All student participants
identified this problem during the interviews, especially
when they were in the phase of understanding each other’s
ideas. Different than before, the students couldn’t draw on
paper and show their sketches to teammates who sat beside
them, instead, they had to express and convey their thoughts
by digital means. Other challenges, such as ‘working
environment is limited to screen only’ and ‘feels like not
actually collaborating’ correspond with the abovementioned
problem.

To ensure the quality of their design project, the
students put a lot of effort to adjust to the remote
collaborative design process, for instance, by having longer
meetings. Both P1 and P3 told us that they tried, but ‘long
meetings don’t bring better efficiency’. Instead, it resulted
in another problem: ‘easy to get distracted’. Both P2 and P3
told us that they had different mindsets when they were in
different environments. One of our participants also
mentioned that he felt it was quite a shame to see only one
or two ideas were documented while many ideas were just
‘left out without discussion’. Because they did not go
through the traditional explorative processes, but only
decided on one idea which could allow them to go further.

The students also experienced the struggle of discussing
with and about physical prototypes. During the exploration
of interaction, one of P1’s teammates made some paper

different interactive behaviors.

“This was super insightful... There was also some point
that we were like “damn, we need to do some more
prototyping, but we didn’t” [P1]

We then asked why they had not made more prototypes.
Reflected on the experiences, both P1 and P3 mentioned
that they had ‘lack of motivation to make a physical
prototype’ at that time. That results in ‘lack of exploration
with physical prototypes.’

e ‘Solutions’

‘Sketches’ are the most common way of expressing
ideas. When the sketches themselves could not support the
communication sufficiently, text was added. P3 and her
team combined gestures with the sketches. Through
‘interacting with sketches on paper,’ they discussed the
interactive behaviors between products and users. The
students also tried different ways for better conveying and
understanding the ideas of interaction. Some of them had
made ‘low fidelity models’ and ‘physical prototypes’ before
the lockdown and were able to interact with these models in
front of the camera to ensure everyone was on the same
page. However, after the prototyping iteration, many details
of the design had changed. The old lo-fi prototype could not
facilitate their discussion anymore. Therefore, ‘interacting
with props’ (a physical object) was used as a solution
during design sessions.

“We just picked something [an object] out of our own
room and pretended to resemble the shape that we tried to
do...” [P4]

Besides using props, lo-fi models, and physical
prototypes, the participants also find other strategies to
convey ideas about interaction. P3 faced a challenge that



her teammate was very confused about one proposed
interaction of the product. The other three teammates had
attempted using ‘short videos of interaction’ and
‘animations of interaction’ to act out the interaction
processes. However, it didn’t help with establishing a
shared understanding among their team members. Using
‘pictures or short videos of other products’ was helpful in
this case; they finally came to an agreement on this concept
during the ideation process.

e ‘Understanding’

Making themselves understood and understanding
others were the crucial parts for keeping effective
communication among the remote collaborative design
teams. From the frequencies (Figure 1) we can see that
‘understanding the interactions’ was much more
problematic than ‘understanding the concepts.” When the
questions came to details and focused on very specific
interactions, ‘understanding the interactions’ was hard
because of the remote collaboration settings. P2 stated that
it was very important that all teammates had a ‘shared
understanding of the whole project’:

“..all of us [...] were clear about what questions we
were talking about and whether these solutions were what
we were looking for.” [P2]

Within the team, they used props for representing their
products and had a quick discussion on interaction. If they
needed to show to others who weren’t familiar with their
project, for instance, teachers or other teams, they made a
nice and presentable sketch (or lo-fi prototype) to ensure
their project was understandable.

‘Certainty from others’ understanding’ was also
mentioned by most of the participants. For instance, as P2
said:

“... [We] know actually where [other team members]
are and how they act [on the information received].” It was
important for him to have the certainty of reading the
expression from others and knowing what exactly they were
thinking.

e ‘Bright side’

The changes from co-located to remote collaboration
changed the nature of the meeting. All the student
interviewees said they broke up the design challenge into
separate elements and distributed these elements amongst
the team members as homework. During their regular
meetings, they would discuss all their group-assigned
homework and then made decisions together. Most of them
told us that it was ‘more efficient in the phase of decision
making’ [P1] than the physical meetings.

“Everyone wanted to make decisions because we
wanted to move forwards and not keep hanging on the
Skype meeting.” [P1]

One of our participants also thought she changed her
attitude to the group meeting. She was more respectful,
because she felt more inclined to let people speak and had
‘more patience with listening’ during the video call with her
teammates.

In addition, ‘Less travel time’ and ‘easy to switch the
mode from not meeting to meeting’ were also the
advantages of remote collaboration. P2 doesn’t live nearby
the university, so he was happy that he didn’t have to sit in
the train for hours every day.

b) Insights from Professionals
e Physical meeting plays an important role

It is not easy to build a remote collaborative design team
from scratch without meeting in person. P6 told us the story
about solving misunderstandings between two groups of
UX designers located in two places with a 10-hour time
zone difference. They finally bonded after the teams met in
real life. Physical meetings are always needed regardless of
how long the designers have collaborated. For P7, a
designer who has remotely collaborated with a partner for
30 years, told us that they did a lot of “parking-lot"
meetings. Before meeting with clients, they met in the
parking lot and discuss their physical prototypes before
presenting them to their clients.

“We will take a look at the model together and talk
about the detailed things deeper...Maybe we will also draw
some lines on it...” [P7]

o Keep everyone updated

P5 and P6 work in a software development company
that followed the agile process. A “daily scrum” [1]
(through recorded progress videos) helped them a lot when
collaborating across the distance. It increased the certainty
in both directions: providing the working progress so that
other team members know; and being aware of others’
working progress so that one can adjust one’s tasks
simultaneously.

o Shared understanding

During the interviews with professionals, we also heard
stories about establishing shared understanding and its
necessity. P8 tells that at the beginning of a project, they
always had a shared folder all relevant information. Ideas,
mood boards, anything that they found interesting would be
collected in this folder. Thus, all designers would maintain
a similar mindset to this project. Besides, there were also
various shared samples in their studio so that team members
could refer to the same materials and shapes during
discussions.

C. Discussion

We had eight insightful interviews. The four students
brought comparable experiences, while the four
professionals brought rich views of the remote collaboration
before and during the pandemic. Below we discuss our
insights.

The abrupt change towards online collaboration changed
the nature of the collaborative design process, particularly
with respect to co-exploration. We see two aspects that need
to be addressed: (1) the social experience that only physical
meetings can provide, and (2) the physicality of design
ideas that allows collaborators to interact.

To collaborate effectively, people build on each other’s
expertise, on understanding each other’s reactions, and on



predictions of each other’s reactions. These seem to be
grounded in face-to-face social contact before they can be
capitalized on in distributed collaboration. Our
interviewees' stories (particularly P6) indicated that physical
meetings could mitigate the misunderstanding and increase
each other's certainties during the distributed collaboration.
The relative smooth collaboration of the interviewed
students can be seen as tentative support for this claim as
they started their collaboration face-to-face.

As for the physicality of the design ideas, the students
emphasized that they missed the time when they could put
their hands on the tangible objects. Decisions and insights
from the design process cannot be transferred in their full
richness through sketches and verbal communication. The
story of “parking lot meetings” from P7 supports this view.
The physicality of design ideas is irreplaceable, even for
these two well trained designers who have remotely
collaborated for over 30 years. By sitting together with both
of them interacting with the prototypes, they could discuss
how to refine the design in more depth.

Looking to the double diamond model, we realize the
main difficulties stand out in the “develop” phase. This
divergence process requires designers to explore, to
iterative prototype, and to test so that they can tune the
ideas into the final design outcomes. Without sufficient
support for the co-exploration, the students brought up
fewer design alternatives and left out ideas without a
discussion. The design outcomes match what other
researchers observed in their experiments [12][17]. Based
on this observation, we argue that the lack of techniques
that support remote co-exploration around and about
physical prototypes might be the reason for less depth and
width of design alternatives.

IV. STUDY TWO: AN ONLINE SURVEY

In study two, we conducted an online survey with 38
participants. Our goals were the following:

o Corroborating the insights of the previous
exploratory study

e Deepening our understanding of remote
collaborative design process

A. Method

The online survey was developed based on insights from
study one. Most of the questions were multiple-choice
questions; in some cases, we also offered an ‘open’ option.
To evaluate specific techniques in four different scenarios,
we used a 7-point Likert scale ranging from 1 (‘not at all
helpful’) to 7 (‘extremely helpful’).

1) Participants
We distributed the online survey to design students at X
university. All of them experienced a remote collaborative

design process at least once. To stimulate the students to
participate, three 25euro gift vouchers were in a raffle.

2) Analysis

We received 38 filled questionnaires in this study.
Pearson Correlation and Spearman Correlation were used to
examine the relationships. We considered p-values of <
0.05 as statistically significant.

B. Results
a) ‘Problems’
e The nature of meetings changed

Our participants were asked about their meeting
scheduling. The questions were related to the duration and
frequency of each meeting, and whether they broke up the
design project into separate elements. More than 3/4 of the
participants changed the duration and frequency of their
meeting. 27 (out of 38) participants state that they had more
group assigned homework than before.

e Less co-exploration & more individual exploration

We asked our participants to choose how their
exploration process had been changed compared with their
face-to-face co-located collaboration. 17 participants state
that they had more individual exploration, while the
majority (33) of our participants experienced less co-
exploration during the design process.

o Factors that influenced the co-exploration

Our participants were asked which factors influenced
the co-exploration processes (they can choose more than
one). Most of our participants don’t think that they lacked
prototyping skills, while 27 (out of 38) participants state
that they didn’t have proper prototyping tools during co-
exploration. 22 participants think that the ‘lack of online
tools for informing and conveying ideas about interaction
with products’ influenced their co-exploration during the
remote collaborative design processes.

b) ‘Solutions’

Based on the interviews, difficulties occurred mostly
during the co-exploration process. We then summarized 9
techniques and 4 design activities from their stories. In the
online survey, we asked our participants to assess these 9
techniques during 4 design activities, see figure 2 for the
categories and results.

e Understanding the whole design project

‘Pitching/presenting to each other’ and ‘showing short
videos of interaction (sharing screen)’ were rated as higher
than 5 (moderately helpful) with understanding the whole
design project. 30 (out of 38) participants evaluated the
latter beyond neutral.
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Fig. 2. Overview of all assessments on the nine techniques in four activities

¢ Understanding the interaction with a design

Both ‘showing short videos of interaction (sharing
screen)’ and ‘interacting with prototypes (shown in front of
camera)’ were rated as the most helpful techniques during
this design activity. While ‘interacting with props (shown in
front of camera)’ and ‘making low fidelity models (shown
in front of camera)’ were also evaluated higher than 5
(moderately helpful). A Pearson Correlation was run to
determine the relationship between different pairs of
techniques. There was a strong, positive correlation
between ‘sketching’ and ‘interacting with sketches on
paper’ [r=.576, p< 0.001]. The helpfulness evaluation of
‘interacting with prototypes (shown in front of camera)’
significantly correlates with ‘showing short videos of
interaction (sharing screen)’ [r=.674, p< 0.001], ‘making
low fidelity prototypes (shown in front of camera)’ [r= .443,
p=0.005], and ‘interacting with props (shown in front of
camera)’ [r=.327, p= 0.045].

e Exchanging ideas

There were four techniques rated higher than 5
(moderately helpful) when exchanging ideas. The
difference in means of nine techniques during this design
activity are not distinct: ‘making low fidelity models
(shown in front of camera)’ is helpful technique with m=
5.34, while the means of ‘CAD modeling (sharing screen),’
the lowest score of helpfulness, is 4.82. We run the Pearson
Correlation to examine the relationship between different
pairs of these solutions. All other three techniques
significantly correlate with ‘interacting with props (shown
in front of camera)’: ‘sketching (shown in front of camera)’
[r=.401, p=0.13], ‘making low fidelity models (shown in
front of camera)’ [r=.791, p<0.001], ‘interacting with
prototypes (shown in front of camera)’ [r=.399, p=0.013].

e Making decisions

We asked our participants to evaluate the helpfulness of
techniques on supporting designers to make decisions more
effectively. Compared with the other eight techniques,
‘pitching/presenting to each other’ is the only technique that
was evaluated higher than 5 (moderately helpful). We
calculated the amount and frequencies of assessing

‘pitching/presenting to each other.” Almost 1/3 rated it as
extremely helpful, which did not happen on any other
technique in any other design activities.

¢) ‘Understanding’

Our participants were asked which factors influenced
them to make decisions (they can choose more than one).
The options include some specific elements relevant to
different phases of the design process, such as
‘understanding others’ ideas’, ‘having a shared
understanding of the whole design concept’, ‘insights of the
other teammates’ thinking processes or working progress’,
etc. The responses support the insights from our interviews
that many factors made impacts on the decision making.
What was unexpected was that 25 (out of 38) participants
chose ‘there was an uncertainty of whether team members
understand each other’s opinion correctly’ as a factor that
influenced them to make decisions.

C. Discussion

Responses from the online survey confirmed that
meeting scheduling changed, they became more flexible.

Another element we knew from the interviews is that the
efficiency of decision-making increased. Unlike a remote
collaborative design team built from scratch, the students
knew each other before and had experiences working
together. While we assumed that understanding the other
was not problematic, we found that the most influential
factor in making decisions is still the uncertainty of whether
all team members understand each other correctly.
According to the assessment of nine techniques,
pitching/presenting to each other is a helpful strategy for
designers to make decisions. However, the missing social
element of tool use might be the reason why the uncertainty
remains the most influential factor.

We noticed the lack of co-exploration when
interviewing the participants, and that pointed us to pay
more attention to seek the reasons in the second study.
Results showed that the groups distributed more individual
design tasks when they collaborate remotely. Co-
exploration decreased, but this was not compensated with
the individual explorations. We further analyzed the factors
that influenced the co-exploration. Apart from the lack of



(availability of) tools (e.g., for digital sketching or making
physical prototypes), the other big barrier was the problems
of conveying their ideas with regard of interactions with a
design.

The participants of the first study felt that ‘interacting
with sketches on paper (shown in front of camera)’ provides
a way for quickly describing interaction. This is very
understandable, and arguably, this technique is even faster
than interacting with props or low fidelity models (this was
also corroborated by literature [3][18]. But it does not
support the understanding of interaction as much as the
latter. The assessment of the nine techniques in the four
different activities (Fig. 2.) shows that both ‘sketching
(shown in front of camera)’ and ‘interacting with sketches
(shown in front of camera)’ are generally not scored higher
than ‘moderately helpful’. The ratings in the exchanging
ideas activity are the exception. This result can be explained
by the research from Vyas et al. [18]. They indicated that
during the exploration process, co-designers use different
levels of prototypes (including sketches, mock-ups, working
prototypes, etc.) We assume that sketches can successfully
support designers to express their concept quickly in the
early stage of the design process (hence the relative high
scores for sketching in exchanging ideas). However, with
the design ideas getting more concrete and related to very
detailed interactions, it is hard to convey the full richness of
interaction without physical objects and associated gestures.

V. CONCLUSION

While limited by size, this study shows that the shift
towards online meetings impact on the collaborative design
process. Most notably it causes reduced co-exploration in
the design process, especially on and with physical objects.

The first study with 8 participants provided insights in
how designers dealt with various difficulties during the
distributed collaborative processes. We identified four main
topics (‘problems’, ‘solutions’, ‘understanding’, and ‘bright
side’) to cover the content of the students’ experiences. The
professionals enriched these insights by adding three topics:
‘Physical meeting plays an important role’, ‘keep everyone
updated’, and ‘shared understanding’. Integrating both
students' and professionals' insights, we found that
physicality required our particular attention. It breaks up in
(1) the social elements in physical meetings and (2) the
physicality of design ideas.

To deepen our understanding of all the insights we
found, a follow-up online survey was conducted. The
second study confirmed findings with statistical evidence
and provided us information to explore further. The results
confirmed that the nature of the collaborative design
process changed due to the pandemic. Investigating the
reduced co-exploration during the design process provided
the insight that not only the tools for doing this online were
lacking, also the difficulties in conveying ideas of
interactions with a design contributed in a negative way.
Next to this, they experienced uncertainty of whether they
understood each other correctly in their online meetings.

We believe our findings contribute to the fields not only
during the pandemic but also to distributed collaborative
design processes when we return back to normal. Further
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research will focus on integration our findings in new tools
for distributed design collaboration.

VI. FUTURE WORK

Based on the insights from the two studies, we plan to
improve the supporting tools during the distributed
collaborative design process. Besides being aware of social
elements in physical meetings, we emphasize the
importance of the physicality of design ideas, especially
during the co-exploration process.

Other earlier research shows us some methods of
improving video-mediated object-focused collaboration.
We further suggest that the supporting tools should provide
co-explorers the opportunities to actually transform their
ideas into physical interactions with tangible objects (props,
lo-fi models, physical prototypes, etc.).

We look forward to integrating these insights into new
tools to support the distributed collaborative design process.
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