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ABSTRACT
In this paper, we use the lens of co-creation—a concept originally

coined and applied in the fields of management and design that

denotes how groups of people collaboratively create something of

meaning through an orchestration of people, activities, and tools—

to study how fully remote software teams co-create digital artifacts

that can be considered as a form of documentation. We report on

the results of a qualitative, interview-based study with 25 software

professionals working in remote teams. Our primary findings are

the definition of four models of co-creation, examples of sequenc-

ing these models into work chains to produce artifacts, factors that

influence how developers match tasks to models and chains, and

insights into tool support for co-creation. Together, our findings

illustrate how co-creation is an intentional activity that has a sig-

nificant role in how remote software teams’ choose to structure

their collaborative activities.
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1 INTRODUCTION
While some organizations have always worked remotely, the recent

COVID-19 pandemic necessitated many more organizations to shift

to fully remote work in which each individual contributes from

their own location [58]. Today, while several organizations are

adopting a hybrid approach, many organizations have committed

to retaining fully remote work [51].
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A practice that has emerged in the context of fully remote work

is to take an artifact-centered approach: some artifact, or some set

of closely related artifacts, is the focal point through which the

collaboration takes place [45]. A team, for instance, may engage

in a video call to brainstorm potential new product features in a

Google Doc, after which the team lead organizes the ideas in a

Google Form and issues a vote to prioritize the features. As another

example, a developer may craft a revised UI for some interface to

then share the mock-up and invite comments from others through a

Slack conversation or by requesting them to leave comments in the

online document. After integrating the comments, the developer

organizes a video call for a final, synchronous review.

Collaboration practices in distributed software development

have been the subject of many studies (see Section 3). However,

to date none has examined how teams of software developers or-

chestrate themselves through these kinds of sequenced activities

to develop shared artifacts when working entirely remotely. De-

veloping such an understanding is important, however, to uncover

potential best practices, determine if common models exist that are

especially applicable to fully remote work, understand the tooling

landscape, identify current challenges, and more.

This paper contributes an interview-based qualitative study that

examines collaboration practices in fully remote software develop-

ment work through the lens of co-creation, a concept developed and

used in the management (e.g., [35]) and design (e.g., [41]) literature.

The term co-creation refers to the orchestration of activities, people,

and tools that enables a team to create an artifact collaboratively

and have this artifact contribute to the team’s collective knowledge

and shared understanding [29]. We purposefully choose the lens of

co-creation, because it considers the fact that, to produce an artifact

representing its shared views, team members often engage not in a

singular activity, but in an intentional sequence of closely-related

activities that lead to the eventual version of the artifact (as in the

two examples above). To date, exactly how teams approach doing

so has not been studied.

The specific research question we answer in this paper is: How
do fully remote software teams co-create artifacts? In answer-

ing this question, our main contribution is the identification of four

different models of co-creation that vary along the synchronicity of

the communication activities (synchronous vs. asynchronous) and

the number of authors (one vs. many). Furthermore, we provide

examples of how these models are linked together into chains of

action and factors that developers consider when matching a task

to a model or chain. We also find that a single, integrated toolset

seems adequate in supporting all four models.
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2 SCOPE
Our study focuses on fully remote teams (also known as fully vir-

tual teams) and considers such teams as groups of people who

work together on a project or product while being dispersed across

different geographical locations; no team members are co-located

[19]. We have purposefully narrowed our focus to remote teams as

we expect many companies to persist with remote working (e.g.,

GitLab [46]) or adopt hybrid work arrangements involving remote

work some of the time [47].

We further scope our study to focus on co-creation in the context

of digital artifacts that can be considered a form of documentation
that guide some next aspect of development. Examples of such

documentation includes requirements, designs of new features, and

system architectures. We purposely exclude source code, test cases,

build scripts, and the like because the practices and tools by which

teams of developers work on these are well-established and strongly

supported by existing tools (e.g., [48, 18]).

3 RELATEDWORK
In this section, we review previous research on artifact-centered

collaboration practices, remote work, and co-creation.

Collaboration practices.Many different collaborative practices

revolve around artifacts. For example, a recent review identified 83

different design thinking techniques used by software teams, noting

thought is required to determine which artifacts to elaborate in

framing the problem and determining the solution [33]. As another

example, user stories for describing requirements can be created

through a series of meetings of a team with its product manager to

refine an initial concept into detailed stories [22] [44] or by running

user story workshops involving the team and the product owner

or customer [13]. As a final example, user interfaces may be agreed

upon through a “design studio” session where each participant

sketches their user interface (UI) design before sharing and building

upon the ideas to agree on a final UI [55] .

More generally, software teams have always used diagrams and

sketches to discuss aspects of the software under development, such

as an architectural change or a new feature [4]. Sketching creates a

common understanding between colleagues [1], while the act of

collaboratively sketching itself supports reasoning activities such

as consideration of alternatives [23].

Software teams also make use of collaborative writing for length-

ier documents [56]. Five collaborative writing strategies have been

identified such as a single writer, a scribe, and separate writers

[34]. More recently, with the widespread adoption of tools such

as Google Docs with real-time editing capabilities, six collabora-

tive writing work patterns were identified that involved multiple

people adding content through a combination of synchronous and

asynchronous methods [31]. Synchronous use of Google Docs also

encourages teams to use the tool for online ideation activities [17].

In a study of a real-time editing collaborative writing tool [6], it

was noted that half of the documents have a single author and that

whilst collaboration on common parts of the document occurs, it

generally happens asynchronously with authors taking turns to

edit. Not all tools support multiple people concurrently editing

a document so alternatives are to use the open-source approach

of fork-and-pull via a tool such as GitHub [52] or to let anyone

contribute content to a wiki when they hold an exclusive lock [54].

Remote work. Distances (geographic, temporal) between dis-

tributed developers cause a number of barriers, including collabo-

ration challenges [12] and difficulties establishing common ground

[32]. Producing digital artifacts with multiple, distributed editors

can help distributed teams coordinate knowledge [10]. Fully re-

mote organizations can adopt one of two distinct organizational

designs to aid collaboration: either an asynchronous orientation or

a real-time collaboration orientation [37]. Asynchronous organi-

zations are characterized by document-mediated interactions with

rich decision trails whereas real-time organizations rely on human-

to-human interactions with meeting-centric discussions. Within

remote software teams, both asynchronous and synchronous com-

munication modes are used when collaborating ([28, 11]) as the

alternative modes aid different aspects of the collaboration. For

example, the use of asynchronous chat can resolve issues while a

synchronous video call can focus on ambiguities [7]. Teams use a

variety of collaborative tools [20] to support coordination, artifact

management and task management [42].

Co-Creation. The concept of co-creation has been adopted in

domains such as design [41] and business management [35] to ex-

plain how groups of different people with varying perspectives,

experiences and skills collaboratively create something of meaning.

At its most basic, co-creation refers to any act of collective creativ-

ity shared by at least two people [41]. More recent definitions con-

sider co-creation through engagements with “interactive platforms”.

Such “platforms” consist of relationships of artifacts, processes, in-

terfaces, and persons, and are supported by digital technology [35].

In considering the meanings of co-creation across varied domains

[14], scholars have argued open-source development with its bazaar

model [36] is also a form of co-creation. Co-creation can enhance

the effectiveness of collaboration and positive group outcomes [16].

Moreover, bringing together individuals to co-create helps meet

their needs for socialization and meaning making [14].

Aligned with [24], we consider co-creation as a “form of collabo-

ration.” Based on other domains [41, 35], we define co-creation as

the orchestration of activities, people, and tools to create an artifact.
By using orchestration as the focus of our examination of how

remote software teams engage, our research differs from previous

research that has considered singular aspects of this orchestration

in detail (e.g., collaborative writing [31]) or focused on a specific

collaboration practice (e.g., “design studio” [55]). As a result, our

study is able to identify several canonical co-creation models that

document higher-level collaborative practices as carefully ordered

sequences of activities, and thereby provide active guidance to or-

ganizations and remote software teams as to how to best structure

their artifact-centered collaborative work.

4 STUDY DESIGN
We decided on semi-structured interviews as our research method,

since their open-ended nature provides flexibility to explore topics

of interest [43]. As organizational design may impact the collabora-

tion approach [37], we decided to interview people from different

companies in varying industries to provide a breadth of experiences.
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4.1 Interviews
Two rounds of interviews were conducted. After the first round, we

analyzed the data, noticed the emergence of co-creationmodels, and

identified areas we wished to explore in greater detail. We decided

to discuss our findings and explore these ways of co-creation further

through follow-up interviews with five of our previous participants.

For the first round, semi-structured interviews were used to

gather data on each participant’s perspectives on and experiences

in collaborating remotely with colleagues. An interview protocol

was used to guide the interviews. This protocol contained ques-

tions to understand better the working practices (including tools)

used to collaborate remotely. Topics such as ideation and under-

taking design/architecture work were included. In all interviews,

the researchers introduced themselves, the purpose of the research,

and gained the participant’s informed consent, including permis-

sion to record the interview. The same two researchers undertook

the interviews with the lead researcher asking the majority of the

questions whilst the second researcher listened and asked clarifica-

tion questions. All interviews were conducted remotely over Zoom

between November 2021 and February 2022. Each interview was

recorded and auto-transcribed by Zoom. Each transcript was manu-

ally corrected by the lead researcher as the Zoom auto-transcribed

transcript contained errors. The duration of the interviews ranged

from 24 to 53 minutes with an average of 42 minutes.

The second round of semi-structured interviews with five of the

original participants (P04, P6, P16, P18, P22) took place remotely

over Zoom between February 2023 and March 2023. These partici-

pants were selected from different organizations, as well as based

on a combination of the diversity of their prior answers, availability,

and willingness to attend a second interview. A short interview pro-

tocol was prepared to guide these interviews. The interviews were

conducted by the same two researchers as earlier. These interviews

had an average duration of 30 minutes.

4.2 Ethics and Data Collection
The interview study was approved by the researchers’ institution’s

Human Research Protections program and included gaining ver-

bal informed consent from each study participant. The recorded

interviews and transcripts were stored on a secure university drive

with access restricted to the researchers. The researchers removed

personal identifiable information from the transcripts.

4.3 Participants
We selected participants who worked: (i) within a software team,

(ii) in a fully remote setting, (iii) spoke English, and (iv) worked

on a commercial software product. We also ensured that the set

of participants was diverse in terms of: (i) industry, (ii) the type

of company, (iii) size of company, (iv) job role, and (v) number of

years experience. Convenience sampling was initially used to iden-

tify participants from the researchers’ extensive industry networks.

Additional participants were subsequently identified through snow-

balling. Of the 25 participants (Table 1), 19 of the participants are

men and six are women. Due to the snowballing, six people were

interviewed from one company and five from another. In each case,

the participants worked in different teams, had different roles, and

Table 1: Participant Demographics

ID Role Exp.(Yrs) Location Industry
P01 Staff Eng. 12 USA Technology

P02 Snr. Soft. Eng. 12 USA Leisure

P03 Strat. Part. Dev. Mgr. 21 USA Technology

P04 Product Mgr. 14 Arg. Technology

P05 Architect 15 USA Technology

P06 Mgr. of Tech. 20 USA Games

P07 CEO 12 USA EduTech

P08 Software Eng. 8 USA Technology

P09 Eng. Mgr. 8 USA Aeronautical

P10 Pgm. Mgr. 15 USA Food

P11 Head of Agile 22 USA Financial

P12 Scrum Master 7 UK Financial

P13 Head of Eng. 28 UK Financial

P14 Engineer 3 Can. Technology

P15 Architect 11 USA Technology

P16 Team Lead 6 USA Healthcare

P17 CTO 12 USA Manufacturing

P18 Soft. Eng. 4 USA Technology

P19 Snr. VP of Plat. Prod. 20 USA Sports

P20 Tech. Prj. Mgr. 10 USA Technology

P21 Agile Lead 30 USA Technology

P22 Hd. of Sys. Arch. 13 UK Financial

P23 Eng. Pgm.Mgr. 15 USA Technology

P24 Hd. Agile Dev. 20 UK Financial

P25 CTO 18 USA Games

were interviewed separately. All participants voluntarily joined the

interviews; there was no financial or other incentive.

4.4 Data Analysis
The interview transcripts were used as the data source for the

analysis. Inductive thematic analysis [39] was used to identify the

themes emerging from the interviews. This approach meant the

data analysis commenced with an empty codebook that was refined

as the coding progressed. The same two researchers who conducted

the interviews coded the transcripts using MaxQDA [25].

When coding the first round of interviews, the two researchers

coded the first two transcripts together to initiate the codebook.

Subsequently, the lead researcher coded the remaining transcripts

in batches, coding two additional transcripts, then proceeding in

groups of four until all transcripts were coded. After each batch,

and prior to coding the next batch, the second researcher reviewed

the coding privately before meeting with the lead researcher to

discuss any disagreements on the coding until consensus between

the two was reached. Close attention was paid to any codes emerg-

ing in the most recent batch of coded transcripts to ensure both

researchers agreed on the necessity of the new codes. As the code-

book evolved, prior transcripts were re-coded to use the new codes

with a further round of review with the second researcher to dis-

cuss and resolve disagreements. At the regular discussions between

the two researchers, several themes were identified by grouping

related codes and sub-codes and analyzing the usage of codes in

the transcripts. After ten transcripts had been coded, the theme
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of “four co-creation models” started to emerge as the researchers

noted there was commonality in the way teams used people, ac-

tivities, temporality, and tools to co-create artifacts. An example

of another theme to emerge was “one integrated toolset”. No new

codes\sub-codes or themes were identified in the coding of the final

five transcripts. The researchers, including one who had not been

involved in the coding, discussed this in detail and felt that, whilst

there were no new themes emerging, it would be beneficial to vali-

date and gather additional data on two subthemes present in the

data relevant to the research question. Specifically, the subthemes

to explore further were: (i) factors that determine the model to be

used, and (ii) chaining of the models. These two subthemes had not

been explored in depth in the initial interviews.

For the second round of interviews, we followed a similar data

analysis approach with the lead researcher coding each transcript,

the second researcher privately reviewing the coding, and discus-

sions to resolve any disagreements. New codes related to factors

(e.g., “culture”, “experience”) and chaining emerged in this second

round of data analysis and were added to the initial codebook.

4.5 Supplementary Material
The interview protocols and the codebook are available [15]. The

transcripts are unavailable as these contain sensitive participant

data, which the participants agreed to share only with the paper’s

researchers.

5 FINDINGS
In this section, we answer our research question: How do fully

remote software teams co-create artifacts?

When asked about their practices for collaboratively creating ar-

tifacts, our participants readily articulated their perspectives about

combining authorship, temporality, and tools when working re-

motely on various artifact-centered tasks associated with software

development. We find that their intuitive sense of best practices

falls into four main categories of models that are matched with

particular tasks and linked together into chains of action. Below,

we discuss the four models, provide examples of work chains, in-

troduce the factors that influence how developers match tasks to

models, and describe the role of tools.

5.1 Four Models
The combination of asynchronous and synchronous modes of com-

munication and the number of authors led us to identify four
elementary models used to co-create artifacts. These models

varied by the primary communication mode involved in co-creating

the artifact (asynchronous vs. synchronous) and the number of au-

thors (single vs. many) and are shown in Fig. 1. By authors, we

mean the people who are the main writers of the final contents.

This can either be a sole author who actively incorporates the

ideas and views from other participants or multiple authors who

all contribute content to the document.

The activities and participants of each of these models are illus-

trated in Fig. 2 and detailed below. Each model shows the main

activities involved in co-creating the artifact, the sequencing of

the activities, the participants (including the author(s)), and the

SA MA

MSSS

Communication 
Mode

Number of 
authorsSingle Multiple

Synchronous

Asynchronous

Models

Figure 1: The Dimensions of Co-creation

synchronicity of each activity.

SA - Single Author & Asynchronous Feedback
A single person takes responsibility for creating and editing the

artifact and seeks feedback from team members asynchronously.

This cycle continues until the team is ready to move on with the

artifact. Our participants gave examples of using this model for

creating design documents or detailing a feature. Feedback from

others is received asynchronously, “But with remote designing, I
found it to be better because you need to write down every single
aspect of the design and people would comment on it, and we would
have discussions on that Google Doc.” (P18). While these discussions

can take place in e-mail or a tool such as Slack, many participants

preferred receiving it directly within the artifact, “We are trying to
get teams to rather than do like email threads...if you’re thinking about
this feature create your boxes and arrows diagram in LucidChart,
share that out.” (P19)

Our participants noted that it can take longer to complete collab-

orative tasks when working asynchronously in a remote team. One

approach to overcome this is to ensure all participants are aware of

deadlines “I think that the key aspect there is setting the expectations.
Hey? We need this design, approved by X date, right? And then we’ll
write it for I don’t know. 3, 5 days, and then we have another 3, 5 days
for approval.” (P6)

In this model, the aim is to complete the task asynchronously.

However, in both asynchronous models, we observed that some-

times disagreements or issues arose that could not be resolved

efficiently leading to a final synchronous meeting to conclude the

overall collaboration, “Sometimes you can keep arguing on a Google
Doc, and not really get what someone is saying because it’s a small
chat box that you need to put all your thoughts, and sometimes talking
makes things easier so whenever there’s some contentious point, we
prefer doing it in a presentation.” (P18)

The approach of specifying the content in an artifact and receiv-

ing asynchronous feedback has a few benefits: (i) it enables authors

to receive feedback without recourse to a meeting, (ii) people who

would struggle to attend a meeting can respond at their own time,

and (iii) feedback persists so it is discoverable in the future and

furthermore enables team members to take other feedback into

account in providing their own. As one participant highlighted,

“We really try to push async feedback and async discussion as much
as we can. For that textual availability for revisiting the subject, but
then also peoples’ calendars are just flooded nowadays.” (P20)
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Figure 2: The Four Models of Co-creation

MA - Multiple Authors & Asynchronous Co-creation
Compared to a single author in Model SA, in Model MA multiple

people contribute content to the artifact in their own time and

asynchronously. Discussions about the artifact take place via chat

or by embedding comments directly in the artifact, “So, my manager
or my colleague starts an outline sketch, and then I will go in the same
document and then start adding stuff. And there may be items where
she has written something that I don’t think, I have a comment about
or something, that I add a comment there. And then, usually you know
they respond to it, they resolve it. They take action or they say why
they don’t want to do it right, basically it’s like a communication but
in an offline mode on a shared document that’s very common.” (P03).
Examples of such artifacts produced this way included product

vision and specification documents.

Optionally, teams may hold a synchronous pre-meeting before-

hand to agree how to divide the work “So they do a synchronous
meeting to coordinate. Who is going to write what part of the tech

spec? And then they fall back into asynchronous work.” (P18) or
to agree on the content “It starts with a kickoff conversation with
that working group. And then that follows through to a kind of a
specification, kind of like a write up that is put together.” (P07)

Similar to model SA, if asynchronous discussions were not con-

cluding satisfactorily, a synchronous review meeting was used
to reach consensus before finalizing the artifact, “And whatever
was not answered, or sorted out with that we have a final review
meeting to look at it.” (P06)

Even though multiple authors were contributing to the artifact,

in some cases, a single person from the group of authors was held

accountable for ensuring the artifact was completed in a timely

manner, “So you gotta have somebody driving it. Check closure.” (P6)
Amongst the benefits mentioned by our participants in working

asynchronously was the sense of teamness that arises when editing

a document by seeing that colleagues have been contributing too,

“There are times when my manager and I are doing editing, at the
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same time. I can see that she’s there right there I can tell who’s active
and I can see that she is editing a different paragraph, I’m editing a
different paragraph, how much more collaborative can it get in an
offline world right?” (P3). This is an important consideration given

the sense of isolation that some remote workers experience [49].

MS - Multiple Authors & Synchronous Co-creation
Multiple people come together in an online meeting to co-create

the artifact. They discuss, add content, and collaboratively decide

on the content of the artifact. Despite awareness of “Zoom fatigue”

[38], online synchronous meetings were a popular way amongst our

participants of undertaking ideation activities at the early stages

of defining a feature, “Especially in the beginning of new projects
where you need to be divergent and converge then I think Miro is the
main tool we use to, to help, ideate, you know, to create new ideas or
to collaborate more.” (P17) We noted this model was also used for

solution design, UI design, and system architectures.

Similar to the findings of [34] concerning collaborative writing,

different approaches were taken to capture the content discussed in

the session. One approach is for everyone to draw on a whiteboard

and use turn-taking for discussion, “Anyone throws in, and then
everyone can move and then, you know, we went through in a circle
and everyone also had a chance to explain and give voice to their
thoughts.” (P07) An alternate approach was to assign a scribe whilst

others discussed, “Well basically we’ve used Teams, and to get every-
one like together in the meeting, and yeah I was sharing the screen
and creating like a diagram with the team.” (P05), or for everyone to
contribute to the document simultaneously, “Confluence nowadays
has a collaborative editing mode, where multiple people can be editing
a document simultaneously, you see everybody’s cursors. And so for
the sort of wordier collaborations that’s worked really well.” (P13)

Participants were conscious of the need to make effective use
of everyone’s time in the synchronous session. Approaches to

aid efficiency within the session included the use of an external

facilitator to guide the group and ensuring key people are present.

Additionally, preparatory activities were sometimes undertaken

prior to the session, including the use of pre-prepared whiteboard

templates so the gathering of input from participants was more

targeted, “The architect, he created a kind of a template to talk about
features. So he has some, it’s kind of a workflow. So he has some
questions, and some boxes, that’s connected, and then you go there
and fill it up.” (P01), a draft artifact prepared beforehand, “So the
minute we’re talking about something where there’s data flow, or like
a lot of components involved, I think a diagram is very necessary. You
can try and talk your way through it with words, and it just doesn’t
convey the same information. So sometimes when we have these
discussions, I make sure to create a small PowerPoint with an image
which shows the flow of data or the different components involved,
and how they’re interacting to make this feature work.” (P16), and
seeking input from participants beforehand “So I will send like one
week before, like a Google Survey, to say, Okay, what are all the ideas
that that you have...that also help us to have the different viewpoints
from different people.” (P23)

Follow-up concluding steps were sometimes used, such as a

final asynchronous decision making step based on the meeting’s

discussions, “We would create a sort of like a Google Form and it
would have, you know, three questions that’s like of these which is
your top choice, which is your second choice, which is your third choice.

You’d ask each of the participants to do that and for each question
then they would choose one of the options that had been created in
the earlier brainstorming session.” (P15)

An advantage of co-creating remotely via a shared document or

digital whiteboard is that remote individuals can easily multitask

and use their computer to look into data, code, or other artifacts,

thus leading to more productive meetings, “You can have that benefit
of, I look it up, and I come back and say actually what we’re discussing
is not going to work because its not understood how it’s already
working, and so straight away you can discount something.” (P22)

SS - Single Author & Synchronous Feedback
A single person authors an artifact in their own time and presents

it to their colleagues in an online, real-time meeting for feedback.

This appears a common approach for artifacts requiring a formal

approval from a governing body such as an Architecture Review

Board. One participant described this approach when preparing

architecture decision records (ADRs), “We also do something within
the development team where we document certain decisions that we’ve
made as ADRs... and we review them every week.” (P22)

Optionally, the document may be shared in advance of the review

meeting so the participants have a chance to review ahead of time.

This helps the meeting be more effective, “So after the tech spec is
done. Again, it’s shared in, in the channels, in Slack channel, prior to
the tech spec review meeting.” (P16)

The chief benefit of Model SS is that it provides quiet, focused

time for an individual to craft an artifact suitable for wider presenta-

tion and discussion with others. It also allows experts to be utilized

efficiently in the review meetings, “If there’s different options and
alternatives. Usually that’s also when principals come to help guide
the decision.” (P16)

5.2 Example Work Chains
We found that the models are often chained together, resulting in
periods of asynchronous and synchronous work to co-create the

artifact.
1
For example, Model MS was used to generate ideas with

colleagues which were then taken forward by a single person for

analysis before presenting a refined artifact for review with collabo-

rators (Model SS). Such an approach leads to a better understanding

of the context of the artifact within the team as they have been

involved in its production from ideation through to review, “So I
certainly prefer that way of come up with some ideas. Take it away.
You know, dive deeper into that. Come up with the pros and cons and
alternatives, and then feed that back. So the meetings then become
more reviewing something that you’ve already done, rather than just
trying to come up with a design ad-hoc within an hour’s session or
something which we used to do.” (P22)

Another participant described how it was commonplace in their

team, for one person to author a design and share it for asynchro-

nous feedback (SA) before scheduling a synchronous meeting to dis-

cuss and incorporate further changes (SS), “A lot of people now kind
of do more prep in the proposal and of the diagrams they build. And
then they share it out, everyone reads them kind of asynchronously
over like a day or two. And then the person who’s proposing this new

1
Such chaining is different from the optional preparatory or concluding steps in each

of the models; chaining creates distinct phases of work, whereas the preparatory and

concluding steps are an integral part of a single activity.
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design will schedule a meeting. And then will attend the meeting, will
walk through the design and kind of edit the document and leave
comments. So people can leave comments prior to that kind of sync-up
meeting but we often just use that meeting to walk through what they
built, add all the feedback.” (P14)

Another approachwas for a single author towork asynchronously

and solicit feedback synchronously (SS) before making changes and

sending for an asynchronous final review (SA), “Maybe put some-
thing in Powerpoint or just write it up.. And then we’ll come together
as a group, usually with a few of the other development managers
who have got good knowledge of the systems that I’m talking about
and we’ll discuss the various options. I’ll take feedback from them,
and then I’ll go back and update the diagrams and the solutions and
then send them back to review.” (P22)

Sometimes, the same model is repeated multiple times in a row

to evolve an artifact until it’s finished. One participant described

the repeated use of Model MS, “And I started like just writing a few
lines, describing, very high level use cases, ...at the beginning, those
meetings are one hour long, because we need to brainstorm and do
actual work, and then when it’s more an execution mode and we need
just to get feedback, they used to last 30 minutes...We would have a
couple of sessions of writing questions and iterating the sketch.” (P04)

5.3 Matching Task to Model
We noticed that many of our participants used both asynchronous

and synchronous approaches. This led us to discuss what, if any,

factors were considered in determining the most effective approach

when initiating a specific work task involving an artifact (e.g., detail-

ing new features, solution design). The identified factors are shown

in Table 2. We have categorized these factors into three different

categories: nature of the task itself, cultural, and personal. The na-

ture of the task itself consist of factors inherent to the actual task,

whereas personal and cultural factors are more contextual based

on the person undertaking the task and the workplace cultures.

Example reasons for taking a predominantly asynchronous ap-

proach (SA, MA) include:

• Low complexity task: If the task is not complex and likely to

have few issues, “They’re quite happyworking asynchronously,
...people kind of know what they’re doing.” (P04)

• Team prefers few meetings: Many developers dislike meetings

[26] as it “disrupts their flow.” (P18)
• National culture: As noted by Hofstede [53], nations have

different cultural values that effect communication. One par-

ticipant noted that some colleagues, due to their national

culture, felt uncomfortable interrupting men in conversation

so “feel more comfortable giving written feedback” (P04).
• Experienced author : If the author is “well versed with our areas
of the technology” (P16), then they are more comfortable

working “asynchronously.” (P16)
• Language barriers: For developerswhose employer’s business

language differs from their primary language, they may be

more comfortable communicating in written form rather

than verbally in meetings as it gives them “more time to
think, how to express, how to communicate.” (P04)

Table 2: Factors for Matching Task to Model

Factor Description
Nature of the task
Complexity The level of complexity or uncertainty

inherent to the task

Deadline How quickly the task needs to be com-

pleted

Stakeholder availability Key stakeholders are overloaded, so

scheduling ameeting guarantees their

full attention to offer their views

Cultural
Team The team cultural values include pref-

erences for collective ownership or

for avoiding meetings

Organization Organizational culture such as pre-

ferred ways of working (e.g., meetings

over asynchronous work)

National National cultures impact an individ-

ual’s way of working

Personal
Experience Level of experience a person has

within the team

Non-native speaker Comfort level with using a non-native

language such as English

Personality Preferences for a way of working

Conversely, there were tasks where it was decided in advance

that some periods of synchronous work (MS, SS) would be required

to complete the artifact. Example reasons were:

• High complexity: Complex tasks (e.g., due to the scale of the

task or the technicality) may be best progressed by holding

an initial meeting to efficiently get team members perspec-

tives before making a decision and moving to an asynchro-

nous mode, “Once we’ve narrowed down on some larger aspect,
or like one vague idea, then we go into asynchronous.” (P16)

• Key stakeholders availability: In some companies, key stake-

holders (e.g., architects) can be involved in many projects

and the only way to obtain their input is through a meeting,

“And there are some where you have to just sort of read through
the doc again with them” (P16)

• Preference for meetings: Some contributors prefer a meeting

to discuss the task “There will be people that say, can we just
have a meeting to discuss, which can be frustrating.” (P22)

• Inexperienced author : If the main contributor is new to the

application or the role, then meetings are required more

frequently to assist them in the task, “it’s like they’re more
unsure of, or need more guidance on, whether this is the right
approach.” (P16)

It appears that organizational or team culture can have a
role in selecting a model or chain. One participant noted that ar-

tifacts were always authored by a single person to ensure it was

completed “You need someone to lead it...Otherwise, it’s never going
to be done.” (P22). Contrastingly, another participant noted their
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team’s culture of different owners for different architecture com-

ponents resulting in multiple authors contributing to the artifact,

“And this is why, you know, you have multiple people contributing to
a given design.” (P18). Moreover, the organizational culture needs to

embrace asynchronous work for it to be effective “I mean, you will
get an email notification saying so and so started a new document,
right. Do you have it in now as a practice to go look it up? Read it,
respond to it in a timely manner.” (P03)

When working on more complex tasks, our participants high-

lighted that working asynchronously can feel unproductive
[11]. There is a sense that it takes longer to evaluate new ideas
compared to co-located teams due to difficulties in gaining the at-

tention of others, “It’s a lot slower, when it comes to trying out new
ideas, evaluating new ideas and all that. It probably takes more time
to try and get the attention of every other person.” (P08)

5.4 Tool Support for Co-creation
We observed what appears to be a core set of collaborative tools

that aids teams in co-creation. However, challenges remain in find-

ing important information related to the artifact and manually

transforming the artifact’s content into other developer tools.

One integrated toolset supports all four models. Fig. 3 il-
lustrates the collaborative toolset that we found to be commonly

used by our participants to co-create artifacts. Whilst the same

categories of tools were present, there was variety in the specific

tools used within each tool category, as shown in Table 3.

Central to the toolset are artifact management tools such as UI

design tools, digital whiteboarding tools, diagramming tools, and

documentation tools (e.g., document editors, wikis). These tools

are the primary ones to actually generate content. The resulting

artifacts are stored in a secure, typically version controlled repos-

itory from where they can be shared with others by providing a

link to the artifact in either a chat or a ticket in a task-tracking tool

such as Jira. Chat and audio/video conferencing tools complete the

integrated toolset and are used to communicate asynchronously

and synchronously with colleagues depending on the needs of the

situation. As observed elsewhere [2], chat in particular serves as a

communication hub throughout the entire effort as it is the de-facto

Chat

Audio/Video 
Conferencing

UI Design

Digital Whiteboard

Diagram/Modelling

Document Editor

Wiki

Artifact Storage

Artifact Mgmt.

Notification of change

Initiate/
Join call

Share screen

Access individually

Open artifact

Figure 3: Typical Collaborative Toolset

Table 3: Examples of Tools Used to Co-create

Tool Category Tools
Communication
Chat Slack, MS Teams, Google Chat

Audio/Video Conferencing Slack Huddle, MS Teams, Zoom

Artifact Management
User Interface (UI) Design Figma

Digital Whiteboard Miro, Mural, LucidSpark

Diagram/Modelling LucidChart, Diagrams.Net, MS Vi-

sio

Document Editor Google Docs/Slides, MS Word

Wiki Confluence, Internal Developed

Wiki

Artifact Storage Google Drive, MS OneDrive

way of informing and approaching colleagues. Partly this is because

chat tools can be readily integrated with other collaborative tools,

which helps with team awareness [50] as many of the integrations

use bots to notify users when changes have been made to artifacts

[21]. As one participant stated: “So you can have a JIRA and Con-
fluence integration into Slack and a G Suite integration as well, and
Zoom. Cool.” (P10)

This integrated toolset supported our participants in both asyn-

chronous and synchronous modes of co-creation. We observed that

for synchronous co-creation, participants used multiple tools such

as chat, audio conferencing, document editors, and diagramming

tools, as one participant described their approach for discussing a

feature “You get on a call with Slack, and they talk through whatever
feature it is that they want to solve. Somebody is a notetaker. So they
take notes, and if there’s something that needs to be drawn or illus-
trated, or like, run through visually, then someone will just pull up a
Microsoft Paint or something, and they will draw boxes.” (P25)

Asynchronous modes of co-creation were also supported by

document editors with their support for diagramming, together

with collaboration features such as commenting and support for

threads of conversation. As one participant noted about Google

Docs, “Google Docs is our go to tool...[It] allows us to iterate over
our design and just work on ideas on Google Docs” (P8), and digital

whiteboards for sharing ideas “We first created the LucidSpark board
and sent out the link...And then through our group thread, we said
hey don’t forget to add these.” (P11)

Participants noted that some tools were particularly well-suited

to specific tasks. For example, digital whiteboards were preferred for

ideation activities “We use Miro” (P17), whereas document editors

are better for lengthier documents, “Requirements or for things that
are longer, go put that in Google Doc, share that and you know have
that collaborative kind of editing.” (P19)

We noted that tools that did not support collaborative editing

forced a single author approach, “Diagrams that we do in Visio, you
can’t have multiple people collaborate at the same time.” (P22)

Not all tools are essential. Our participants expressed varying
opinions on the value of UI tools and digital whiteboards. Even

when a tool was available for use, it sometimes was rejected be-

cause of its steep learning curve, “I tried to use Figma to build some
UI but it’s too time intensive. I realized that it’s too much for me. So, I
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think I prefer to draw some new design on a piece of paper, I think I’m
faster this way.” (P01) Another reason is the inherent complexity of

a digital whiteboard, as one participant noted “It becomes distract-
ing fighting the tech [when doing something simple like] drawing a
box.” (P25) Some participants preferred the simplicity of more basic

tools, “If we need to do something where we have to draw pictures or
relationships, somebody literally just shares Microsoft Paint.” (P12)
This negative attitude toward UI tools and digital whiteboards was

not universal, as some participants expressed strong preferences

for certain tools, “If today you, you tell me. Oh, let’s have a meeting.
Let’s collaborate about some topic, I would still use Miro because I like
Miro.” (P01) It appears personal preference has a large role in de-

termining which tool is used rather than purposefully considering

the best tool for a particular co-creation activity.

Difficult to find important information related to the arti-
fact. This is due to the use of multiple tools when co-creating an

artifact and also searchability issues with document reposito-
ries. For example, consider developers discussing the implementa-

tion of a feature inside a chat tool such as Slack. They subsequently

create a Google Doc to describe the solution further. Finally, they

hold an online meeting via Zoom to share and discuss with col-

leagues, with an accompanying sidebar chat in which additional de-

liberation takes place. Key information such as decisions, rationale,

and risks are subsequently contained in multiple tools, “Information
becomes kind of fractionalized between so many different tools that
it can be hard to find what you’re looking for.” (P07) Participants
also highlighted difficulties in finding documents within shared

repositories such as Google Drive, “Sometimes you, you just spend
hours sifting through Google Docs folders, just to understand maybe
this folder in GitHub that you see.” (P08) Reasons given included col-

leagues storing documents in a personal rather than a team folder,

confusing folder hierarchies, and unnecessarily restrictive access

rights, “I think that even the owners of those different folders and
organizations, they have a harder time of keeping up with requests to
get access.” (P20)

Manual work to transformunstructured data. We found that

manually transforming unstructured data from a co-created artifact

in one artifact management tool into another tool was a common

usage pattern. This led to additional effort to communicate the

results of the co-creation activity to all teammembers. One source of

additional effort was themanual effort required to create follow-
up development tasks in a task tracker after the co-creation of an

artifact. One participant noted that after they discuss and write up

a design it gets “translated into a GitHub or an Asana project board.”
(P07)Whilst some tools providemechanisms to automate such hand-

offs from one tool to another, not all support this usage pattern. A

second source of additional effort occurred when teams preferred

to use one tool for its collaboration capabilities in co-creating an

artifact, yet corporate standards required them to store the artifact

in a different format and repository. As one participant described

“Google Docs is used as a means to iterate and collaborate, but when
something is set in stone, we move that over to GitHub andmaintain as
ReadMe markdown.” (P8) This resulted in the data beingmanually
copied from one artifact to another, thus compounding the

information retrieval challenge highlighted earlier.

6 DISCUSSION
This paper contributes a first study that uses the lens of co-creation

to examine how software teams produce artifacts. Rather than fo-

cusing on the use of a specific tool such as Google Docs, or a specific

practice such as brainstorming, using the lens of co-creation pro-

vides a new way of examining and documenting collaborative team

practices as an orchestration of people, tools, and activities that

teams use to produce an artifact together. Doing so brings to light

that teams structure their work in different ways, with different

tradeoffs, depending on the situation, as fully remote teams are

only too aware of the temporal and distance challenges [8] that

remote work forces upon them. A novel finding is that one way in

which teams have adapted to remote working is by adopting four

common co-creation models through which they orchestrate small

sequences of activities to produce artifacts to guide development.

In considering the four co-creation models, teams trade off var-
ious factors in selecting the most appropriate model to use

for a task. Working asynchronously offers time for deep thinking

and may result in more potential solutions being identified, and

it reduces the need for people to get together in real-time, freeing

people from constant meetings. Using documents to host conversa-

tions also enables information to persist over time, something not

easily possible when the conversation takes place in real-time over

audio/video. However, this flexibility comes at a cost as it may take

longer to reach a decision when people contribute and review in

their own time. In contrast, having synchronous sessions involving

a digital whiteboard or shared document may result in quicker idea

generation and decision making, but introduces another meeting in

busy schedules. It also may not be inclusive as some people may be

unable to attend and some people are uncomfortable brainstorming

online [60]. That said, participants often chainedmodels together
in structuring an overall set of sequenced activities through
which they produce an artifact, enabling different participants to

engage on their own terms.

A secondary novel finding is the identification of a set of factors

that influence the decision making process of which model or chain

to use, and that go deeper than just matching task to model.
Factors such as deadline, stakeholder availability, personal experi-

ence, company and team culture all appear to effect which model

(chain) is selected at the outset of an artifact generating task.

We also observe that the collaborative toolset shown in Fig. 3

is an enabler to all four models as it provides flexibility for both

asynchronous and synchronous forms of co-creation, as well as

supporting teams of developers in interchanging synchronous and

asynchronous contributions. It appears that having an integrated

toolset consisting of flexible tools that support the four co-creation

models is more important than the specific tools themselves.

Implications for practitioners. We encourage remote teams

to reflect on the four co-creation models and to consider which
model or chain of models is appropriate for a given situation.
In particular, the factors identified to match task to model should

be explicitly considered before commencing a task, as this may lead

to a more effective, and inclusive, approach. From our interviews,

it is clear that some organizations are aware of the multiple models,

but others tend to favor one model always to the detriment of
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the overall collaborative effort. Opening up and considering that

alternative approaches are available is crucial in such cases.

In terms of tooling, organizations should ensure that their
teams have an integrated collaboration toolset similar to Fig.

3 that supports all four co-creation models and thus empowers
teams to determine the way they wish to collaborate. This
toolset should be accessible to all internal and external collaborators

to minimize collaboration issues. Personal preference has a part to

play in the acceptance and use of a tool by individuals, so organiza-

tions will need to balance the tension between an organization’s

need for standardization of tools against individual preferences.

Implications for tool providers. On the whole, we find that

the collaboration toolset is considered sufficient to get the work

done in the way participants want to work, “Fine, they’re good
enough.” (P21) However, there are still enhancements to improve

the overall developer experience, which in turn can increase devel-

oper productivity and job satisfaction [9]. One issue is that crucial

information such as decisions made or requirements considered

cannot be easily found as people switch co-creation activities be-

tween tools. Existing mechanisms such as integration of tools to

support information flow from one tool to another or automated

identification of important facts within individual tools (e.g., key

meeting points such as questions and consensus events [40] or

essential snippets of information in Slack chats [61]) do not ap-

pear to address the challenge. Search across tools, too, seems to be

inadequate at this time [30].

Another issue is to better support the flow of unstructured data

captured in artifact management tools such as Google Docs or a

sketching tool into the more structured format required by a task

tracker such as Jira. Such improved support should go beyond

simply copying the data and consider factors such as traceability,

the need for developers to add detail, and being able to transition

in the reverse direction to, for instance, revisit an issue discussion.

Implications for researchers. Our research has identified a

number of factors used by teams to match a task to a model. These

factors are related to the nature of the task, cultural aspects, and

personal aspects, but we suspect this list is not exhaustive. It is likely

additional factors (e.g., psychological safety) previously shown to

influence the effectiveness of software teams [59, 3] also impact the

use and effectiveness of the different co-creation models. Future

research should determine if there are additional factors, as well as

how the many factors impact collaboration effectiveness.

Given the expected growth of hybrid working [27], another im-

portant direction of future research is to consider how these models,

chaining, factors, and supporting toolset are used or may change

in hybrid environments. As one example, more complex tasks with

higher levels of uncertainty may be best suited to chaining an initial

synchronous model (MS) where the team can get together in-person

for discussion at a physical whiteboard before one person under-

takes detailed analysis and refinement with asynchronous feedback

(SA). We speculate that our models provide a base foundation that,

enhanced with a third dimension of colocation versus dispersed,

can help articulate best practices in hybrid settings.

7 THREATS TO VALIDITY
Following advice by Creswell [5] for validating findings from quali-

tative research, we employed three validity strategies (reflexivity,

peer debriefing, member checking) to consider the credibility, qual-

itative reliability, and transferability of the findings.

Credibility: The two researchers who performed the data anal-

ysis reflected on and shared their personal biases before coding.

Both researchers have industry experience, with one researcher

having significant experience working in distributed teams in the

tech industry. There is a risk such experience could lead to biases

being introduced into the coding steps. The researchers took care to

analyze the transcripts based on what was said by the participants

and not their own experiences. Additionally, the two researchers

used peer debriefing to share the codebook, analysis, and findings

for review and discussion with a third researcher. Member checking

was also used by presenting our initial analysis and findings to the

five participants in the second round of interviews. Our findings

resonated with their experiences, which lends credibility to the

validity of the models and observations about tool use.

Our study consisted of 25 participants with a risk they are not

truly representative of the technology industry. We have tried to

minimize this risk by selecting a set of diverse participants from a

variety of companies and backgrounds. Two companies provided

eleven participants so there is a risk their company culture could

impact the findings. We believe this risk is minimized as the partici-

pants worked in different teams, roles, and had varying experience

levels. Additionally, there is a risk that 25 participants are not a

large enough group to draw conclusions applicable to the broader

population. However, we felt saturation was reached in coding the

first round interviews, as we did not determine any new codes or

themes when analyzing the last five interviews. The second in-

terviews were fewer and focused on discussing the models and

identifying factors used to match a task to model. As discussed

earlier, we recommend further research is required to expand on

this set of factors as we do not believe this set is exhaustive.

Reliability: We have documented the study design in Section 4.

The same two researchers were involved in the data analysis and

through regular meetings used a consensus mechanism to resolve

any disagreements in the coding. As discussed, a third researcher

was involved across the entire analysis to monitor the process being

followed and verify the analysis and its results.

Transferability: Our participants worked in several different

industries, with participants predominantly based in the USA, so it

is likely our results are transferable to software teams working in

similar industries in the USA. However, American cultural work

practices and norms likely have some impact on the experiences

participants described to us. Further research in other countries is

required to determine if our results are transferable to countries

outside of the USA.

8 CONCLUSIONS
In this paper, we presented our findings on how fully remote soft-

ware teams co-create artifacts. The results are based on an inter-

view study with 25 software professionals working in industry. Our

primary contribution lies in the identification of four models of co-

creation, which document common ways in which teams combine
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authorship, temporality, and tools to collaboratively produce an

artifact necessary to progress work. Moreover, we observed these

models were linked together into chains of action and various fac-

tors were considered when matching a task to a model. We noted a

common, integrated toolset is used to support all four models.

For future work, we plan to dig deeper into the issue of remote

work and creativity. Although not further pursued in the above

discussion, a number of participants mentioned that they felt that

remote co-creation reduces overall team creativity. This is a serious

concern and appears to be driving the current trend toward hybrid

work [57]. Our next goal is to build an understanding whether this

is merely a perception or, if team creativity is indeed reduced in

remote co-creation compared to colocated co-creation, what the

underlying causes are and how they can perhaps be overcome – be

it with new models, different chains, and/or new tools.
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