This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TSE.2021.3109617, IEEE
Transactions on Software Engineering

Exploring the Use of Chatrooms by Developers:
An Empirical Study on Slack and Gitter
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Abstract—Communication is critical for the software development teams to maintain project awareness, facilitate project co-ordination
and avoid misunderstandings. The features offered in the chatrooms, such as private messaging, group conversations, and code
sharing help accommodate the communication needs of the software development teams. Therefore, chatrooms have been
increasingly adopted among the developers. Since the last study on Slack performed by Lin et al. in 2016, the audience of Slack has
more than doubled possibly leading to an evolution of the ways Slack is used; while another rich community formed around Gitter and
remains unstudied. In this paper, we perform an investigative study using qualitative and quantitative techniques to gain insights on the
use of popular modern chatrooms, specifically Slack and Gitter. Based on the survey responses from 163 developers, the interviews
with 21 developers, and the chatroom data collected from 11 Slack and 770 Gitter rooms, we are able to uncover the reasons behind
the use of Slack and Gitter, the perceived impact on the associated projects, and the quality determinants of the two chatrooms. We
find that the developers seek knowledge from the chatrooms to obtain timely feedback from experts, and in return share their expertise
to build the project community and their reputations. Furthermore, it is perceived by the Gitter developers that the chatrooms have an
impact on prioritizing the new features and the bug fixes. In Slack, the most reported impact concerns an increased project awareness,
in terms of a better tracking of the work progress. As reported on the developers’ survey, both Slack and Gitter chat services have a
visible impact on mentoring developers, and sharing the best practices. In terms of quality determinants, a non-ephemeral history and

a better history management (e.g., advanced search) could be keys for both chat services to reach their full potential.

Index Terms—chatroom, Slack, Gitter, software development teams, communication

1 INTRODUCTION

In software development, the communication and
coordination of software development teams are key
factors for the success of the software projects [1] [2] [3].
Specifically, informal communication among developers
promotes project awareness [4]. However, as software
development teams grow in size, it becomes harder to
prevent misunderstandings in the developers’ interactions.
Examples of such misunderstandings are confusions
regarding the software requirements, uncertainty about the
right developer to contact for questions, and ambiguity
about the work progress. In an attempt to address such
challenges, communication channels and social media are
often integrated with the modern development tools [5]
(e.g., chat, email, or microblogging services) to facilitate the
communication between the developers [6].

Modern developer chatrooms are designed to fulfill
the communication needs of the developers, including
messaging, file management, code sharing, and video
calling. Contrary to other communication channels, such as,
the mailing lists or the Q&A platforms, Modern developer
chatrooms bring developers together in an informal setting
with equal participation opportunity for everyone. Modern
developer chatrooms can be either “public” or “private”.
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Public chatrooms are generally used by open source
projects, and much emphasis is placed on the formation
of a friendly community who talks and shares knowledge.
For example, Gitter F_] is an open source chatroom geared
towards the open communities. The particularity of Gitter
is the possibility of a Gitter room to be associated to
a GitHub repository. The private chatrooms are usually
used by private software projects for team communication.
Slaclﬂ is an example of a proprietary chatroom that has
gained rapid uptake recently. It was initially designed for
corporate teams, but is more and more adopted by the
open communities as well. More details on the two subject
systems follow in Section

Research efforts have been invested to better understand
the role of the chatrooms in software development. First,
the chatrooms are considered important in supporting the
informal communication among the developers [4]. In a
large scale survey conducted by Storey et al. [6], private
and public chatrooms were deemed as some of the most
important channels by nearly 15 percent of the survey
participants. Second, the chatrooms (in this case Internet
Relay Chat) are used by developers for discussions of
technical nature [7]. Lastly, the chatrooms (specifically Slack)
are used for personal, team-wide, and community-wide
purposes, based on a survey with 104 developers by Lin et
al. [8].

Despite the valuable results obtained by prior research,
modern developer chatrooms still need a more thorough
investigation for the following reasons: 1) The adoption of

1. https:/ / gitter.im/
2. https:/ /slack.com/about

Xplore. Restrictions apply.

//www.ieee.org/publications_standards/publications/rights/index.html for more information.



0098-5589 (c) 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE&D
Authorized licensed use limited to: Queen's University. Downloaded on September

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TSE.2021.3109617, IEEE

Transactions on Software Engineering

Slack since the most recent study by Lin et al. [8] in 2016
has more than doubled, from 3 million to over 8 million
users. As such, the uses of Slack might have evolved over
time; 2) another rich community of developers has been
built around the usage of Gitter chatrooms and remains
almost unstudied, which led recent research—such as the
work from Parra et al. [9]—to collate useful data and foster
more research on Gitter; 3) the inclusion of both Slack and
Gitter in the study lets us compare two different types
of chatrooms (e.g., proprietary and open source), and two
different types of communities (e.g., the open communities
in both Slack and Gitter, and the corporate teams mostly in
Slack), and 4) beyond the uses of the chatrooms, the impact
of using the chatrooms on the software projects, and the
quality determinants of the chatrooms are still unclear.

We designed and conducted a survey with developers
who adopt Gitter or Slack. Our survey received 163
responses. We analyzed the survey responses, using
thematic analysis [10]. We further conducted follow-up
interviews with 21 developers to gain more insights and
validate our results. Furthermore, we mined the chat data
archives from 770 Gitter rooms and 11 Slack rooms, and
compute the chat activity metrics, to compare the perception
of the developers with the reality. We organize our study
into the following three research questions:

RQ1. Why do developers use the chatrooms? We investigate the
reasons that motivate the developers to use the chatrooms
to ask and answer questions. Access to experts and a fast
response time are the main reasons as to why developers
ask questions in the chatrooms. In return, the developers
take the time to answer questions to further build the project
community, and to build their own personal reputation.
RQ2. What is the perceived impact of the chatroom use on the
software development process? The most recurrent reported
impacts of Slack and Gitter are (respectively) managing the
communication (e.g., team updates) and guiding the project
tasks (e.g., new issues). The developers are also able to
learn the best practices of the projects, and produce better
solutions. Finally, there appears that the chatrooms improve
the productivity of the developers.

RQ3. What defines the quality of the chatrooms and their related
chat-service? In terms of quality determinants, a ‘good’
chatroom is first characterized by a knowledgeable and
friendly community. In terms of chat-services (e.g., the
available features), the improvement of key features (e.g.,
search management) could help the chatrooms achieve their
full potential. The majority of the surveyed developers
(81.1%) report a good to excellent user experience.

Contributions. A summary of of our contributions is
as follows: 1) A better understanding of the motives and
impact of the developers’ chatrooms, 2) a comparison
between an open source (i.e., Gitter) and a proprietary
(i.e., Slack) chat services, and 3) insights about the uses
of chatrooms by the open communities (in both Slack and
Gitter) and the corporate teams (mostly in Slack).

Paper organization. The rest of the paper is organized
as follows. Section [2| present the subject systems and the
background. Section [3| describes the research methodology.
In Section 4] we show the results of the study. In Sections [f]
and [6] we provide a discussion and list the limitations of
the study. Finally, we review the literature and conclude in
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Sections [7land

2 SUBJECT SYSTEMS

In our work, we focus on the Slack and Gitter modern
chatrooms. In Appendix ??, we show a comparison between
Slack and Gitter. Slack is a collaboration tool that offers
features, such as persistent chatrooms (channels) organized
by topic, private groups, and direct messaging. Slack was
launched in August 2013, and is reported to be “the fastest-
growing business application in history” with 8 million
daily active users, and 500K organizations that use the tool
to collaborate and communicate [11]]. Slack allows searching,
indexing and integration with external applications. The
basic Slack version is free, with the possibility to upgrade
to advanced priced features.

Gitter is an open source instant messaging tool for
developers and users of GitHub repositories, which came
out of beta in 2014. Gitter enables the creation of chatrooms
(called rooms) for GitHub repositories, i.e., each Gitter room
can be linked to a GitHub repository page. Gitter has over
800K users, and 300K rooms from 100+ countries [12]. The
main feature of Gitter is a seamless integration with GitHub
through GitHub flavored markdowns in chat messages.
Gitter has a unique activity feed showing all changes to
the associated GitHub repository (e.g., commenting on a
pull request or closing an issue). Another integrated feature
between Gitter and GitHub is the user hovercards, which are
based on the GitHub profiles and statistics (e.g., the number
of followers). Similarly to Slack, Gitter is also integrated
with other applications, such as ]enkin Travis CI'} and
Bitbuckef’l

Overall, Slack is a proprietary chatroom, geared for
the corporate teams but also accessible to the open
communities. An important capability of Slack is the search
feature of the chat data. However, the feature is limited in
the free plans (i.e., only up to 10K messages). An important
issue in Slack is the discoverability of the communities (i.e.,
a team can only be joined by finding its link and sending a
request to join), which limits the ‘openness’ of Slack to the
public. On the other hand, Gitter is an open source platform
suited for the open communities. Gitter rooms can be easily
found and joined. However, the content is lost quite easily,
as searching the past messages is not as good as in Slack.

3 METHODOLOGY

We study (i) the motives to use modern chatrooms, (ii)
their impact on the development process, and (iii) the
characteristics of high quality chatrooms. Because our goal
is to perform an in-depth study of instances (i.e., Gitter
and Slack) of a phenomenon in its natural context and
from the perspective of the participants involved in the
phenomenon (i.e., the use of chatrooms) [13], we use a
multiple case studies design in our research [14]. Using
multiple case studies can increase the robustness of our
observations by strengthening or contrasting the patterns
observed in the different case studies (i.e., Gitter vs

3. https:/ /jenkins.io/
4. https:/ /travis-ci.org/
5. https:/ /bitbucket.org
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Slack) [14]. Our case studies consist of several data collection
methods, such as surveys, interviews, and mining software
repositories [15] (MSR). Therefore, we use the mixed methods
research design to generate our findings (i.e., we use both
qualitative and quantitative analyses) [16]. More specifically,
our quantitative data is used to support our predominant
qualitative observations, configuring our research design as
a “QUAL + quan” mixed methods [17].

First, we employ our mixed-methods design on a within-
case basis, i.e., we employ our approach to both Gitter
and Slack, individually (i.e., survey, interviews, and MSR
analyses). Next, we analyze our results on a cross-case basis
by comparing our observations obtained for Gitter against
the observations obtained for Slack [14]. At this last stage,
two authors (both assistant professors) re-analyze all the
obtained qualitative and quantitative results to identify the
reinforcing and opposing patterns across our case studies. We
provide the details of each data collection method in the
following subsections.

3.1 Developers’ Survey

In this section, we describe the process of 1) designing,
2) distributing, 3) analyzing and 4) validating our survey.
We design the survey in four parts: a) demographics, b)
motivations, ¢) impact, and d) quality determinants.

Before crafting the survey for performing the research,
we developed a preliminary survey, which served as a pilot
study to check whether our research questions were worth
investigating. Our pilot survey contained 5 preliminary
questions and is available onlineE] The goals of our
questions were to investigate the reasons behind using
chatooms. We received 85 responses to our preliminary
survey, which were not incorporated in our main study
given the pilot nature of this preliminary survey. We
observed that diverse reasons prompted the usage of
chatrooms, from handling “database issues” to getting hints
about “setup and conﬁguration’ Therefore, we crafted a
more thorough and detailed survey to answer the research
questions of this paper. We herein refer to the more detailed
survey as simply survey.

We obtained 163 responses to our survey, 114 and 48
from Slack and Gitter users, respectively. The remaining
response selected other (Discord) as their most used chat-
services. We codified the responses to perform our analysis.
We conducted a set of 21 follow-up interviews to validate
the results from the previous step. We provide more details
of the four steps in the sections below.

1) Survey Design

We designed our survey in four main parts [°| (see
Appendix ??). In the first part (Survey part 1), we inquire
about the respondents’ demographics and their roles in
their software projects. For example, we aim to understand
if our respondents use the chatrooms from the perspective of
a user, maintainer, or developer. If a respondent collaborates
in many software projects, we asked him/her to answer the
survey based on the project in which he/she is most active.

6. https:/ /www.surveymonkey.com/r/XK5K35K
7. https:/ /www.surveymonkey.com/results /SM-8DNFCCPM7 /
8. https://goo.gl/forms/0X4UqWUDRcykBP372
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The remaining three parts are based on the three RQs
presented in Section [7] In part 2 of our survey, we asked
our respondents what motivates them to both answer and
ask questions on Slack and Gitter. We further inquire about
the instances when the chatrooms are used, instead of other
channels (e.g., mailing lists).

Prior studies [6] [18] [19] [20] report productivity
concerns related to the use of the communication and social
channels by developers. Consequently, we design part 3 to
ask the respondents whether the chatrooms have any impact
on their productivity.

Hahn et al. [21] report that a developer is more
likely to join a project when they have collaborative ties
with the project initiator. This finding was confirmed
by Casalnuovo et al. [22] who found that developers
preferentially contribute to projects in GitHub where they
have prior social links. Accordingly, we inquire whether
the use of the modern chatrooms has a similar impact
(i.e., attracting developers to the project associated with the
chatroom).

In the final part of the survey (Survey part 4), we focus
on the chatroom quality as perceived by the respondents.
First, our respondents are requested to provide a satisfaction
rating of the studied chatrooms. Then, we inquired about
the features that they like most in the studied chatrooms
as well as the features that they believe need improvement.
Lastly, we asked our respondents if they were willing to
be contacted for follow-up interviews. The survey has 21
questions in total, 14 of which are open-ended questions.
The estimated time to complete the survey is 20 minutes. We
opted for not placing any mandatory questions as a means
to improve our response rate. For example, studies have
shown that it is frustrating to have mandatory questions
in surveys [23]. Mandatory questions also increase the
probability of participants dropping the questionnaire, or,
even worse, to provide low-quality answers in a way to skip
the mandatory questions.

2) Survey Distribution

We used a combination of two methods to contact
the respondents: 1) we posted our invitation in the
chatrooms; and 2) we sent emails to developers. We include
the invitation letter sent to the potential participants in
Appendix ??.

Posting in the Chatrooms: In Gitter, we manually joined
the public rooms that are visible on the explore page of Gitter
(i.e., 770 rooms). In Slack, we were able to join a set of 29
public Slack rooms, by sending requests to join to the project
owners. The only selection criterion to find respondents is
whether they were members of the chatrooms at the time.
For example, we did not consider activity levels of the
respondents or membership duration, since it is our goal
to obtain feedback from all kinds of respondents. We posted
messages in the chatrooms to contact the respondents in
a less intrusive manner. More specifically, we identified
the administrators of the chatrooms, whom we contacted
directly and asked for permission to distribute the survey.
Some administrators (= 5) posted the survey request
themselves, while others (= 20) gave us the permission to
post our survey in one of the room channels (e.g., the random
or general channels). Another 11 administrators declined our
request. As a result, we received 47 responses from the
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Gitter respondents from different chatrooms, and another
47 from the Slack respondents from different chatrooms,
bringing the total to 94 survey responses. With our survey
distribution method, we cannot assume that all the members
in a chatroom have read the survey request. Therefore,
it is hard to assess the response rate. Because we sent
our surveys separately to Gitter and Slack participants, we
easily identify the chatroom to which our participants were
referring when replying to our surveys.

Email: We contacted developers through emails. Since
we are not able to specifically email developers that use
Slack or Gitter, the selection criterion in the second phase
is simply developer’s participation in a GitHub repository
(i.e., code commits). To identify whether our participants
were referring to Gitter or Slack in their answers, we
explicitly asked them to identify the chatroom to which they
were referring. Our initial selection of GitHub developers
with more than 10 commits—the median number of
commits across all developers—resulted in over 4 million
developers. We then chose a statistically significant random
sample (confidence interval = 2 and confidence level =
95%), resulting in 2,400 developers. We emailed the survey
request to the selected developers, receiving an additional
69 responses. At the end of both phases of deployment,
we obtained a total of 163 survey responses. The only
statistical difference between the demographics of the
two deployments is an increase in the number of female
respondents (from 3.2% to 13.3%, p-value = 0.016). A
possible explanation for the raise of women respondents
over e-mails is that women may feel less comfortable to
participate in chatrooms due to reasons that must still
be studied (e.g., chatrooms might be a male dominant
environment).

Since the survey questions are non-mandatory, we find
that the questions were skipped by the participants 10
times on average (i.e. not answered by & or 6% of the
respondents) with a median of 7.

3) Survey Analysis

After receiving the responses to our survey, we
performed thematic analysis [10] to analyze the collected
data. Thematic analysis is a process involving the qualitative
examination of a dataset set to generate a set of themes
that capture the intricacies of meaning within the data set.
In the first phase of the thematic analysis (i.e., coding),
a set of initial codes is generated by collapsing the data
into labelling concepts. In our study, a survey response
can be collapsed into one or more codes, depending
on the complexity and richness of the response. In the
second phase of the thematic analysis, the codes are
combined into overarching themes that accurately depict
the data. For example, the codes ‘interactive’ and ‘real-time’
can be categorized under the theme ‘response time’. We
show examples of the thematic analysis of our data in
Appendix ??2.

The first two authors collaboratively performed thematic
analysis for every survey response, until consensus was
reached. Both authors are assistant professors. Saturation
is achieved after analyzing approximately 30 to 35 survey
responses. The first phase of the thematic analysis took place
in five coding sessions for Gitter and four coding sessions
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for Slack of about 1.5 hours each. We obtained 56 and 137
codes for the survey part 2 for Slack and Gitter, respectively.
An additional 67 and 122 codes resulted from part 3, for
Slack and Gitter, respectively. Finally, part 4 of the survey
yielded 33 and 24 codes, for Slack and Gitter, respectively.
We then generate higher level conceptual themes in the
second phase of the thematic analysis to answer our research
questions (more details are shown in Tables[T} 2} and [3). In
this paper, we report our results on all the obtained themes.

In the remaining of the paper, we refer to developers
who participate in the survey as the respondents, and
to developers with whom we conducted the interviews
as the interviewees. We further refer to the individual
respondents/interviewees using a code of the form S# for
Slack and G# for Gitter (# is a unique ID of each respondent,
e.g., S15). The Slack respondents span from S1 to S114, and
the Gitter respondents from G1 to G48.

4) Follow-up Interviews

Setup. 21 respondents expressed their interest in being
part of a follow-up interview. The goals of the follow-up
interviews are: (i) to clarify the responses of the survey, (ii)
to validate the themes obtained from the second phase of the
thematic analysis, and (iii) to collect more details from the
personal experience of developers. We have not performed
an additional thematic analysis at this stage as we have
reached saturation when analyzing our survey responses.

Our follow-up interviews followed a semi-structured
format, i.e., we started with a script of questions but we
let the respondents go off the script if he or she wishes to
provide more information. We contacted the 21 interviewees
through their preferred communication channel (e.g., chat,
or voice call). The voice/video calls lasted in average
20 minutes, while the chat interviews lasted around 35
minutes. We provide our interview script in Appendix ??.

Analysis. As shown in Appendix ??, we prompted the
interviewees with the themes generated during the survey
analysis. As such, we used the interviews scripts to validate
the generated themes, and the explanations accompanying
the answer as illustrative quotes in the paper. In case an
interviewee has additional thoughts about a given question,
we analyzed their answer using thematic analysis to identify
new themes, not generated during the survey analysis step.
The results shown in Section [4 reflect the results obtained
from both steps.

3.2 Messages Collection from the Chatrooms

We used the Gitter REST API to download archives of
the public Gitter rooms. We then use the Gitter REST API
to obtain the archives of the 770 joined Gitter rooms. We
exclude the 19 Gitter rooms where no conversation has
started yet.

In Slack, there is no central browsing page that displays
the available public rooms. Instead, each public chatroom
has a unique link used to request to join the community. A
thorough internet search reveals the links of the top public
Slack rooms (e.g., https:/ /slacklist.info/). We were able to
join 29 public Slack rooms. To collect the room archives,
we used the Slack API which requires a unique token for
each room. In some rooms, the token is made available to
all the members; while it needs to be requested from the
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administrators in others. In the end, we were able to collect
the archives of 11 public Slack rooms. Our intention in
collecting room archives is to verify/refute, when possible,
the perceptions of our participants obtained through our
qualitative analyses.

From the chat data collected, we computed the activity
level of the individual chatrooms. The activity level is
computed as the median elapsed time between two chat
messages of a given chatroom. For example, if the median
elapsed time between two messages is less than 2 seconds,
this signifies a high activity level. This is important to verify
whether the answers from the respondents regarding the
activity levels of the chatrooms are in agreement with the
actual chat traffic in the chatrooms.

In addition to the activity levels, we compute the time to
solution. The time to solution is the time difference between
the first and last message in a thread. A thread is a set
of related messages in a discussion. For example, if a
user asks a question and developers answer that question
(possibly by having a discussion), the set of messages
(e.g., answers or other follow-up questions) related to
the question compose a thread. Automatically identifying
threads is challenging because it requires research on using
advanced Natural Language Processing techniques [24], [25],
[26], [27], [28]. For instance, such an automatic approach
would need a high accuracy on identifying that a user is
asking a question. Even more challenging, the automatic
approach would need to automatically identify that a later
statement was referring to a specific previous question,
thus answering that question. These tasks are challenging
because Gitter and Slack do not enforce explicit references
between questions and replies when discussions are being
held. Thus, because the focus of our research is not
on automatically identifying threads, we manually label
200 threads from a randomly selected chatroom (ie.,
Sample;preqads) for our investigations. We are aware that
Slack offers the ability to provide nested messages, which
could potentially be used to automatically identify threads.
However, we observed that relying on the nested messages
from Slack would be an incomplete solution, since we
observed (through our manual analysis), that several related
messages are not nested. Moreover, Gitter does not provide
the feature of nested messages, which is another motivator
for us to perform our manual analysis.

We compute the time to solution of the threads in
Sample;yreads, as the time difference between the first and
last message in a thread. Wang et al. [29] used a similar
approach to detect the question getting a fast response in
Q&A forums.

3.3 Demographics

We present an exploratory analysis of the demographics
data that we collect from the responses of the respondents.
Fig.[l]shows a summary of the demographics data collected
from the Slack and Gitter survey respondents.

Gender: The majority of survey respondents (i.e., 90.7%) in
both Slack and Gitter have identified themselves as males.
Development experience: A shown in Figure almost
half of the respondents (59 out of 114 and 20 out of 48 in
Slack and Gitter, respectively) reported an experience of 10
or more years.
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Fig. 1: Demographics of the Slack and Gitter respondents

Education: 61.4% and 62.5% of the respondents have at least
a Bachelor degree in Slack and Gitter, respectively. A portion
of the respondents (24.6% in Slack and 18.7% in Gitter)
disclosed that they are self-taught. Overall, the majority of
developers have received a formal education in software
development (Figure|[TDb).

Employment: For the employment status, 70.1% and 58.3%
of the Slack and Gitter respondents, respectively, are
employed full-time (Figure [Id).

Project role: We asked the participants about their roles in
the projects associated to the chatrooms. In Gitter, it was
reported that over half of the respondents (i.e., 52.1%) are
users of the projects, and do not make contributions to
the code base of the projects (Figure [Id). The second most
common reported role is “contributor”, with a distinction
between the 29.2% active contributors (i.e., make frequent
contributions), and the 25.0% occasional contributors (i.e.,
making sporadic contributions) (Figure [Id). In Slack, the
most common reported role is the active contributor role
(49.1%), followed by the user role (38.6%). 28.1% and 10.4%
of the respondents in Slack and Gitter, respectively, are
maintainers of the projects (i.e., have project privileges, such
as reviewing code contributions).

We provide in our appendix additional analyses relating
the (i) gender; (ii) experience; and (iii) employment status of
our participants with the most recurrent themes obtained in
each RQ (see Apprendix ??).

4 RESULTS

In this section, we answer our RQs by reporting the most
common themes (shown in bold) that emerge from the
second phase of the thematic analysis, as well as some
of the codes (shown in italic) that result from the coding
phase of the thematic analysis. Moreover, we compare and
contrast the results from Slack and Gitter. We further include
quotes from the participants to provide more insights. The
Slack and Gitter participants are anonymously referred to
as S# and G# (respectively), with # as the numeric identifier
of a participant. Aside from the quantitative observations
described in this section, all qualitative observations are
based on the opinions expressed by our participants.
RQ1. Why do developers use the chatrooms?

The first research question explores the reasons behind
the participation of developers in the chatrooms. Table
shows the list of themes that emerge from the analysis for
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TABLE 1: Survey results regarding the motivations of developers to use the chatrooms.

% respondents agreeing
Theme to theme Illustrating quote
Slack ,—114 ‘ Gitter,,—4s ‘
. “Slack allows large group discussions in real time around technical features

Quality of the help 46% 33% and bug fixes whgichgcan%ften lead to better solutions."
“I think the immediacy of Slack is one of its big benefits: there’s nearly always

Response time 41% 350, | Someone who can answer any given question dur?ng the times the channels are
busy. Or at least there will be someone who can direct the questioner to a channel
that would be more likely to get an answer."

Giving back 40% 44% '[’I’m using open libraries every day for free. And I want to help the open source
communities].
“I would certainly say that as a hiring manager, I would use any impressions

Personal gain 31% 21% | formed from interactions on Slack to guide my hiring decisions, if those
developers applied to work for me"

Tasks 299% 0% In the company I work we use [Slack] like a planning tool (well, to discuss
tasks to be done and so on)

Internal communication 19% 0% ;Our company uses [Slack] for internal communication arllld collective

nowledge sharing and we are expected to ask questions.
Requirement 18% 0% | “I'have to use what the creators set up"
C , o o “I am motivated to provide clear and transparent answers as much as possible,
ompany’s goals 8% 2% to maximize the revenue and achieve the com ’ Is"
pany’s goals

Custom support 1% 339% “With Gitter I can chat with [the library authors] about custom solution, and
I believe that this is the main difference"

Personal enjoyment 0% 299% “Some do it to find People to collaborate with, and others do it to simply be
amongst their peers

both Slack and Gitter. The most recurrent themes for RQ1
are the quality of the help, the response time, and giving
back to the community.

1) Similarities between Slack and Gitter

Quality of the help. In both Slack and Gitter, the most
recurrent theme is the quality of the help provided by
the chatrooms. The Slack participants report that asking
questions on Slack provides learning opportunities including
the best practices, access to experts, and inside knowledge.
518 reports that the Slack rooms are “where the majority
of knowledgeable people in my communities are”. The Gitter
participants mention that the chatrooms are useful to
provide guidance, clarification, feedback on new ideas, and
possibly better solutions. G33 stated that he usually asks
questions when he knows that “there has got to be a better
way / someone who made this already”. G16 goes further and
says: “I needed advice on the architecture of my commercial apps
and the gitter chat saved me a lot of money which I'd have wasted
on servers if I'd gone with something different”.

Response time. The participants mention that the
response time in chatrooms is an important motivation
for asking questions in both Slack and Gitter. The
participants describe the conversations in these chatrooms
as ‘interactive’, ‘conversational’, and ‘instant’. We provide
quantitative insights regarding this perception later.

Giving back to the community. As far as providing
answers in the chatrooms goes, the most recurrent theme
is giving back to the community. Specifically, the survey
participants claim that they are eager to reciprocate help.
Others believe that answering questions helps to attract
new contributors to a project and grow the community. The
communities in the chatrooms provide low entry barrier for
the new participants, bringing a sense of equality among the
members. Although most teams in the chatrooms establish
community guidelines according to the interviewee 510,
the moderation is considered moderate compared to other
platforms, such as Stack Overflow. G33 explains that: “there
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is no competition of reputation, but rather a nicely balanced
space with equal opportunity for everyone to be heard”. G33's
response indicates that, unlike Q&A platforms such as
Stack Overflow, which employ gamification mechanisms
for their users to earn experience points (referred at times
as “reputation”), chatrooms do not track these experience
points, which likely reduces the sense of competition. G44
further mentions that there is no need to go through pre-
moderation or restrictions based on a score.

Personal gain. In addition to altruistic reasons, the
survey participants report that there is some personal gain
from answering questions in the chatrooms. 15.3% (25/163)
of the participants claim that answering questions is an
opportunity to learn by teaching, by “validating personal
assumptions, and having one’s personal knowledge and code be
“fact checked / sanity checked by more knowledgeable people”
(G42). Moreover, providing help is a means to build a
reputation among peers. 11.6% (19/163) of the participants
report that they answer questions to build reliance and gain
respect from others in the same community. Finally, 6.1%
(10/163) of the participants explain that they promote their
own projects when providing help to others.

The participants mention further themes related to the
features most appreciated in the chatrooms, such as the
volatile content. S11 clarifies that “the questions on Slack are
less public, disappearing eventually from free Slack rooms, such
as Vapor”. In Gitter, the most appreciated feature is the
seamless integration to GitHub, such as the inline markdown
and the repository update panel. In terms of the topics
discussed, technical discussions, such as custom code review
and debugging, are common. G27 and G32 explain that
debugging questions are usually presented as follows: “I got
unexpected results, what did I do wrong?”, or “Is it possible to do
[task X] using this library?”. According to S14, “the topics span
a wide technical spectrum ranging from the architectural level, to
the nuts and bolts of specific technical tasks”. The participants
also report discussing project documentation issues, such as
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the project configuration. G5 explains that “The configuration
part would be solved with good documentation, but we never
found a project with good documentation”, thus highlighting
existing issues with projects documentation (described by
the participants as voluminous, ambiguous, or incomplete).

2) Quantitative analysis of response time

Regarding the perceived response time from our
participants, we investigate the chat data of the chatrooms
that the participants qualify as fast and we compute the
set of chatroom-level metrics, described in Section [3.2).
For this purpose, we use our previously explained time to
solution metric. In Appendix ??, we show the median activity
levels of the chatrooms that were perceived as having fast
responses. In the chatrooms from which we receive survey
responses, the median activity level is 77 seconds. However,
the median activity of all the chatrooms from the collected
data set is 510 seconds. This indicates that our participants
come mostly from active and large chatrooms.

We further investigate whether the speed of response
has a relationship with the number of participants in a
chatroom. We find a very weak correlation between the
two factors (Spearman’s correlation = -0.17 and p-value =
8.56e-07). We conclude that the speed of response is not
associated with the number of participants in a room. The
number of participants has a very strong correlation with the
number of messages exchanged in a chatroom, as expected
(Spearman’s correlation = 0.98 and p-value < 2.2e-16).

Additionally, we compute thread-level metrics based
on the manually labelled Samplesj,reqqs- We find that the
median discussion in a chatroom is 101.57 minutes, and the
median initial time to solution is 12.85 minutes. 61.9% of the
threads get a response within an hour. In contrast, Wang et
al. find that 69.2% answered questions get an answer within
one hour on Stack Overflow [29]. As such, the perception of
the survey repondents that the chatrooms are significantly
faster than other platform such as Stack Overflow is not
substantially reflected by the data at hand. Further empirical
analysis based on larger samples is needed to further
confirm this observation.

3) differences between slack and gitter

The sharing of expert knowledge happens for different
reasons in each chatroom. For example, 17.5% of the
Slack respondents (20 out of 114) mention that providing
guidance to the new members over Slack is required, and
7.9% (9 out of 114) report that participation is encouraged
to achieve the company’s goals. In this respect, 552
says the following: “my senior position requires mentorship
over new junior members in our team who require some
attention. I want this task to be fulfilled correctly with little
distraction. Thus, I am motivated to provide clear and transparent
answers as much as possible, to maximize the revenue and
achieve the company’s goals”. On the other hand, the Gitter
respondents share knowledge for personal enjoyment. The
participants reportedly enjoy chiming in discussions about
corner cases, or answer questions when they are bored,
curious, or procrastinating on their work. Another example is
that Slack respondents are concerned about building their
reputations to maintain “a good employee image”(541). In
Gitter, the respondents are eager to build their reputations
to be recognized as experts by their peers. Indeed, we
performed a x? test to check whether the reported themes
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Fig. 2: Summary of the uses of Slack: a comparison of the
work by Lin et al. [8] and our study

are significantly different depending on the chatroom used
(e.g., Gitter or Slack). Our x? test yields a p-value =
2.345997¢~1%, which strongly indicates that the reported
themes are dependent on the chatrooms at use.

4) differences from Lin et al. [8]

With Slack gaining more adoption and Gitter remaining
unexplored, we revisit Slack and investigate Gitter for
the first time in our first Research Question (RQ): “Why
do developers use the chatrooms?”. Our study reveals both
similarities and differences with the uses of Slack, that were
identified by Lin et al. [8]. We show a summary of the
similarities and differences on the Venn Diagram, shown in
Figure 2| Although there is an important overlap between
the two studies, we do observe an evolution of the uses of
Slack, from a “fun’ chat-service used partly for networking
and social activities, to a more ‘corporate’ chat-service with
more emphasis on reputation, quality, and awareness about
other members.

5) Insights from interviews

Regarding the reasons to participate in Slack and Gitter
chatrooms, our interviewees mention that corporate teams
are mostly required to provide assistance. Mentorship takes
place over the chatrooms, in order to ease the onboarding
of the new members. The open communities, on the other
hand, display different uses of the chatrooms. First and
foremost, developers are drawn to the open communities
chatrooms to learn more about the project, and get custom
help for specific issues. Developers are happy to reciprocate
help, and consider the participation in the conversation
a leisurable activity. Another aspect mentioned by the
interviewees is that chatrooms exhibit two classes of usage:
1) developer support, and 2) user support. The developer
support is about providing guidance to developers in
learning about, and potentially contributing to, the project
or technology associated with the chatroom. The user
support happens when technical assistance is provided to
the users of a software (e.g., installation issues). As reported
by our interviewees, the Gitter open communities are almost
exclusively centered around user support. The Slack rooms,
on the other hand, exhibit both types of usages even in the
open communities. A Slack interviewee (521) informs us
that his work team has both public channels to interact with
the users of the software, and private channels for internal
communication. The Slack open communities also depend
on the channel feature of Slack to direct the incoming
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questions to the right audience (e.g., #team-support, #team-
devops). Although 5 of the interviewed developers claim
that the developer support is more common in Slack, it is
not possible to verify as we do not have access to the data
from the private channels.

Slack and Gitter are used for the quality of the help
received within a short response time. Sharing knowledge
in Slack is sometimes a required activity to discuss the
projects’ tasks; while discussions in Gitter may occur for
personal enjoyment.

RQ2. What is the perceived impact of the chatroom use on
the software development process?

The second research question explores the perceived
impact of the chatrooms on some aspects of the
development process (e.g., resolution of issues). Table
shows the list of resulting themes, for both Slack and Gitter.
Some of the most common reported themes are issues
resolution, group awareness, and access to information.
Group awareness includes knowledge about members of the
project, the project areas they are working on, their current
progress, and their plans [4].

1) Similarities between Slack and Gitter

Help with issue resolution. According to S15, S16, G7,
and GI14, the actual resolution time of an issue is likely
shortened because of the presence of many ‘brains and
eyes’ to help out, and the possibility to tag the concerned
developers. S10 adds that a possible reason is that the
discussions in Slack are much faster than in GitHub,
where response sometimes takes several days. S31 goes
even further and states that sometimes issues that would
have been reported on GitHub are not reported at all,
as they are fixed through an exchange in the chatroom.
However, 513 argues that it does not apply to the resolution
time of the more complex issues. Others explain that the
impact is not on the resolution time itself, but rather on
the visibility of the issues because ‘louder voices tend
to win’. 517 explains that people pressing him on Slack
for an issue fix are probably going to be prioritized,
simply because of exposure. G24 reveals that several issues
have been found thanks to Gitter users asking questions,
specifying that these issues would have gone undiscovered
otherwise. Specifically to Gitter, the panel showing the
GitHub repository updates in the associated Gitter room
(e.g., a new comment on an issue) is important. G17 claims
witnessing a GitHub issue getting more activity because one
person responded to it on GitHub, and others noticed it
from the Gitter channel.

Access to information. The participants claim that one
of the important impacts is the access to information, such
as the best coding practices of a project and the peripheral
knowledge. For example, it is the opinion of S19 that
“the chatroom discussions allow for learning the best coding
practices in the Vapor project, and for prompting developers
to think of better coding approaches”. Eventually, developers
are able to produce higher quality products, according
to S12. Furthermore, developers are able to obtain up-
to-date resources about a project/technology from the
chatrooms discussions. G23 mentions the Angular project as
an example of a fast growing technology, where “the tutorials
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from even a few months ago may be obsolete”. In addition to
the up-to-date resources, G32 argues that “the chatrooms’
discussions contain quite a bit of ‘peripheral’” knowledge, such as
discovering other technologies, patterns, and news”.

Help in brainstorming features. The design of the
projects benefits from the feedback in the chatrooms.
Specifically, S14 explains that it helps shape new features,
identify shortcomings of the design, and test pre-release
versions. Similarly to Slack, the Gitter participants report
that the use of the chatrooms has helped in brainstorming
new ideas and resolving issues, with a reduced effort. In
this regard, we find that Slack and Gitter are similar to the
mailing lists, which are also used to discuss the activities of
the projects [4].

Productivity. The productivity of developers is a much
debated topic in the era of socially-enabled software
development, and the developers’ chatrooms are no
exception. The responses from the participants reflect
conflicting impact on their own perceived productivity.
40.5% of the survey participants report a positive impact
on their productivity, as shown in Appendix ??. The
chatroom discussions reduce the ‘endless trials and errors’
to determine the best way to do a task. G32, a maintainer of
a GitHub project, explains that ‘the chatrooms offload some
of the support to the community. They are especially good at
helping newbies. That saves the core team cycles to invest into
the project.” However, a non-negligible portion of the survey
participants (15.9%) believe in a negative impact on the
productivity. 526 believes that the productivity is slowed
down because of the FoMo (Fear of Missing out). G38
confirms that there is always something going on in the chat,
which is an incentive to read and participate. Other survey
participants (37.5%) have a more nuanced opinion about the
impact of the chatrooms on the productivity (i.e., mixed or
no impact). The participants find that although productivity
might be reduced, the benefits of using the chatrooms even
out the damage caused. 529 explains that the chatrooms
help speed up cases where progress is stalled, however, it
is sometimes misused to ask questions when an email is
more appropriate. Related to that, the participants complain
that the inability or difficulty to search for past discussions
lowers their productivity. Overall, it seems that the use of
the chatrooms requires self-discipline to avoid getting side-
tracked, as explained by S14. Additionally, 510 explains that
it is possible to make use of the features provided in order
to manage (i.e. filter or mute) the chat notifications.

2) Differences between Slack and Gitter

We find that the most reported impacts are the group
awareness and guiding the project tasks (bug fixes and
new features) in Slack and Gitter, respectively. Our x? test
yield a p-value = 6.725¢~%, which strongly indicates that
the difference in the reported themes is dependent on the
chatroom at use. Group awareness is critical for the software
development teams, especially when working remotely. In
Slack, the teams are able to collaborate remotely, make decisions
faster in smaller teams, and share updates. It is also believed
by 525 that the Slack rooms help minimize the unnecessary
talks and meetings for the collocated teams, and hence
allow developers to dedicate more time to the quality of
the product. However, S41 explains that the negative side
is that decisions are accumulated in the chatroom itself,
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TABLE 2: Survey results regarding the perceived impact of the chatrooms on the development process

% respondents agreeing
Theme to theme Illustrating quote
Slack,,—114 ‘ Gitter,,—4s
“It happens a lot that [participants in the chat share code snippets from their
Issue resolution 66% 63% | personal projects for bug detection or algorithmic optimization], especially
with beginners trying to get help from mentors."
Access to information 539% 42% Having access to maintainers who provu%e undocumented insight is a good
way of getting the users through the door
“By helping people use [the project] effectively and by learning about the
Brainstorm features 31% 38% | problems and wishes people have, we can improve the projects existing
functionality and generate ideas for new features."
“In distributed teams (virtual, remote, etc) the chat is the closest to real-time,
Group awareness 62% 15% | real-life contact we have. it allows for typing-while-thinking, working out problems
in short iterative bursts, and developing awareness of what each one is working on."
“The flow that I've seen most often is: a developer asks a question in a channel about
Project tasks 149% 549 something they think is a bug (or abqut a'possible ephancemer}t),' the project team
(and sometimes community) discuss it briefly and either explain it away (not a bug,
not an acceptable enhancement) or ask for a GitHub/JIRA issue to be created.”

without being organized or centrally recorded. On the other
hand, the discussions in the Gitter chatrooms help the
maintainers learn about the problems and wishes people
have in an informal setting, so they can improve the existing
functionality of the projects and generate ideas for new
features (G11). This confirms the use of Gitter for user
support within the open communities. In addition to user
support, the project maintainers utilize the chatroom to
quickly ‘gut check” an idea before putting together a full
pull request on GitHub. It is reported that the discussions on
Gitter are helpful in raising issues (that are possibly critical)
in the project associated to the chatroom. The issues are
further discussed, and possibly solved through code reviews.
G14 explains that discussions on Gitter often lead to new
pull requests and issues being opened and closed. However,
G21 states that important issues related to the project are
discussed solely on GitHub.
3) Insights from interviews

When it comes to the impact on the associated project,
managing the internal comunication of the team comes
on top for the corporate teams. Developers report that
‘pinging’ a co-worker in the chatroom is less invasive
than stopping by their office. Furthermore, the exchange
in the chatroom allows for passive knowledge sharing
among the co-workers, an important aspect of maintaining
project awareness. In an interview with S10, a member in
a dozen Slack teams both public and private, he reports
that “company Slack usage tends to be much more structured
and proactively administered, by which I mean the use of
different user roles and different channel access”. The projects
associated to open communities benefit from the chatrooms
by attracting new contributors, who consistently participate
in the chatrooms.

Slack and Gitter reportedly help developers to support the
issue resolution process, to have access to information,
and to brainstorm features . However, it is perceived
that Slack has more impact on improving the group
awareness; while Gitter has an impact on guiding the
project tasks (e.g., new features).

RQ3. What defines the quality of the chatrooms and
their related chat-service?
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To better inform the design decisions of the chatrooms,
we investigate the elements that characterize the quality
of the chatrooms in RQ3. Table [3| shows the list of the
themes that emerge from the survey analysis. The survey
participants report the following ratings of Slack and Gitter
respectively: Excellent (33.9% - 41.3%), Good (47.2% - 41.3),
Average (12.3% - 17.4%), Below average (3.8% - 0.0%), and
Poor (2.8% - 0.0%). The most common themes in RQ3 are
the community, and the features.

1) Similarities between Slack and Gitter

Community. The most reported quality determinant
in the chatrooms can be summarized as follows: “a
friendly, inclusive community of folks with deep technical
knowledge” (G19). 511 argues that in terms of expertise, “it
is better to have a good mix of experienced users and novices”.
55.8% (91/163) of the participants stress on the fact that
a welcoming and safe atmosphere is key to encourage
contribution and exchange. In addition, the occasional
participation of the project leaders or maintainers in the
discussions sets apart the good chatrooms from others.

Features. In terms of features, it appears that the Slack
participants are concerned about improving the current
features; while the Gitter participants request new features,
such as bots and history management. In both chatrooms, it
is a common complaint that knowledge is lost. In Slack,
the conversations in the chatrooms under the free plans are
volatile, and the search features provided are quite basic. In
Gitter, the search option is almost useless according to G23.
Consequently, a non-ephemeral history and a better history
management (e.g., advanced search) could be key features
for chatrooms to reach their full potential.

2) Differences between Slack and Gitter

Moderation. Based on the results shown in Table
moderation of the chat (e.g., staying on topic) is twice
more important in Slack than it is in Gitter. Indeed, our x>
test yields a p-value = 0.01383, which strongly indicates
that the importance given moderation is dependent on the
chatroom at use.

3) Insights from interviews

Our interviewees did not provide much further insights
compared to what we have captured from our survey.
Both Gitter and Slack interviewees further stressed the
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TABLE 3: Survey results regarding the quality determinants of the chatrooms

% respondents agreeing
to theme
Slack,—114 | Gitter,—4s

Theme

Illustrating quote

“Was looking forward to topics, but they’re very incomplete. While gitter
is great for in the moment support, historical topics get lost quick. Would
be great to have topics or pinned threads or something to keep quality info

“Discoverability of public Slacks is very poor — pretty much every community
Slack I'm in ends up running their own onboarding app on Heroku (because
Slack is designed for closed, paid teams, rather than open, free communities)."
“I think a big factor is the general attitude of the channel. It's a welcoming
place founded upon mutual respect and an absence of elitism, and it’s a large
contributor to why I am so invested in it."

“[Need for] Al that can watch for uncivilized behaviour is something that every

Features improvement 75% 82% | easily accessible."
Community 52% 63%
Moderation 43% 21%

site should be implementing even if it’s just to flag conversations for moderator
review with no action taken on the part of the software."

importance of a more structured search with the proper
managament of historical data.

The quality of the community, in terms of friendliness,
activity and expertise are key determinants of a chatroom’s
quality in both Slack and Gitter. However, there is more
request for moderation in Slack, compared to Gitter.
Several features (e.g., bots and history management)
could be improved in Slack and included in Gitter.

5 DISCUSSION

In this section, we provide further insights regarding
the demographics of our participants, discuss possible
implications from our findings, and outline key differences
between the two chat-services, (Slack and Gitter).

Demographics Analysis: while we present here the
key takeaways from our demographics, a more detailed
discussion can be found in Appendix ??. In terms of
motivation to participate in chatrooms, most experienced
participants are mainly motivated by giving back to the
community, whereas most inexperienced participants are
motivated by receiving fast responses and quality help.
Regarding the impact of chatrooms in the software project,
we observe that less experienced participants perceive
that access to information and feature brainstorming are the
major impacts that chatrooms have in the projects, whereas
more experienced participants stress that issue resolution
and tasks are the aspects that are mostly impacted. Lastly,
regarding the perceived quality of chatrooms, we note that
very experienced participants (i.e., 10+ years of experience)
praise the community aspect of chatrooms, which is also
related to the previous motivation of “giving back to the
community”. As for less experienced participants (0-4 years
of experience), the focus is on the improvement of features. We
suspect that less experienced participants have a mindset set
more towards productivity (so they can climb the ladders
more quickly).
Possible implications: We discuss the following aspects as
possible implications of the findings presented in Section [4]
Project promotion and adoption. The responses from the
survery respondents indicate that Slack and Gitter are
both appreciated for the quality of help received, within a
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short response time. For the project owners, the previous
finding could be an incentive to further support the online
communities through the chat-services, in order to promote
the project and boost its adoption. Another finding that
supports this claim is the reported role of the chat-services
in community building. A healthy and thriving developer
community around a project could support its adoption.

Time to market. The time factor (i.e., interactive and real-
time conversations) was a commonly reported theme as a
motivation to use the chat-services. As such, we conjecture
that a possible implication of using the chat-services, such
as Slack and Gitter, could possibly enable a shortened time
to market. For instance, in the case of a closed-source
project, resolving pending issues or ambiguities among
a team members in a timely manner can speed up the
issue resolution process, or the clarification of a set of
requirements.

Allocation of tasks. In both Slack and Gitter, the
respondents report being able to build a reputation, and
establish their expertise in certain areas. The implication
of such finding is that the project owners could use
this knowledge for more targeted allocation of tasks in
the future, or for more efficient recruitment of future
contributors. This implication applies to both the open-
source and close-source projects.

Quality of the end product. Slack and Gitter allow for
access to information possibly not available anywhere else,
to brainstorm features, and to speed up the resolution
process. For instance, access to information not available in
other project documentation may improve the productivity
of the new developers, or speed up the onboarding of new
developers. Additionally, some of the survey respondents
reported that the discussions in the chatrooms enable to
optimize the solution to implement a feature or to resolve
an issue. As such, a possible implication is an improved
end product, thanks to the access to a pool of developers
with intricate knowledge of the technology used to build a
software product.

Retention of developers. Another commonality between
the two chat-services is their contribution to community
building. The use of the chat-services to build a sense
of belonging, particularly for geographically distributed
teams, could possibly encourage the retention of developers,
and encourage future contributions. It is also important to
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highlight that the observed motivations to use chatrooms
(see Table is what distinguishes modern developer
chatrooms from other communication channels, such as
GitHub pull-requests or issue discussions. Chatrooms
provide a more immediate and informal access to resources.

Possible reasons behind the observed differences: both
Slack and Gitter are chat-services that overlap in a number
of the functionalities offered (e.g., group/private chat, code
tagging, user tagging, and integrations with code hosting
services). However, we still observe a number of key
differences in the ways the two chat-services are used and
perceived by their users. We discuss below the possible
intertwined reasons behind the observed dissimilarities.

Focus of the discussions. In Gitter, the heart of the
discussions appears to be the project itself. On the other
hand, the Slack discussions are also focused on the people
involved, and their management (i.e., who is doing what
when). There is a number of the findings from Section [4]
that support this claim. For example, discussions about
internal communication and project tasks are mentionned
in total by 37.9% of the participants in Slack, and 0 times
in Gitter. Moreover, the highest reported impact in Slack
is on group awareness (e.g., team updates and progress
awareness); while Gitter reportedly impacts aspects of
project improvement, such as opening new issues and
pull requests. Maintaining group awareness through open-
access chatrooms in Gitter may be quite challenging due to
the nature of the chat services, that easily allows posts from
anyone with no apparent structure within the discussion.
Indeed, project awareness requires some knowledge of other
teams members and of the ongoing tasks. This is enabled
on Slack through access control and multiple channel-based
discussions, each aimed at specific matters (e.g., design,
deployment, testing, etc). On the other hand, the openness
of Gitter enables to hear from a larger pool of participants
(i.e., reducing the feedback barrier), which in turn enables
to better guide the project tasks (e.g., prioritizing features or
issues fixes). These findings can guide the choice of which
chat-services is best suited for a given project.

Perception of the users.  Other  differences  observed
between Slack and Gitter could be explained by how the
users of the chat-services perceive the tools (i.e., a company
communication tool vs. a leisurely tool). Indeed, Gitter
users are more likely to report that Gitter has no impact
on their productivity (22.9%), compared to 6.9% of Slack
users. Gitter users join on their own volition, with no
requirement to ask or answer questions; while a number
of Slack respondents (9%) report that Slack participation is
required. Indeed, personal enjoyment was reported as one
of the reasons to answer questions on Gitter (18.9%), but
was never mentionned by the Slack respondents. This could
possibly explain why Slack users have more mixed-feelings
about their productivity when using Slack, as shown in
Table ??. Similarly, moderation (e.g., staying on topic) is
twice as mentioned on Slack as it is mentioned on Gitter, as
a quality determinant of chatrooms.

6 THREATS TO VALIDITY
This section discusses the threats to validity of our study.
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Threats to conclusion validity concern the relation
between the treatment and the outcome. The conclusion
validity threat mainly comes from the inherent bias that
comes from dealing with human subjects. For instance,
in terms of demographics, we observed that half of our
participants report an experience of > 10 years in software
development, 90.7% are male, and 100% are involved in
the more active chatrooms, as measured by the number of
participants (median = 709) and the number of exchanged
messages within a year (median = 17,836). Therefore, our
findings may be biased towards more experienced male
developers participating in the active chatrooms. To offset
this bias, we asked the participants in the interviews about
their experiences with beginner developers, and with the
use of the smaller chatrooms in terms of the number
of participants and the number of messages exchanged.
Additionally, almost 70% of the participants are Slack users.
It was not our intention to recruit more Slack participants.
However, the total number of Slack users is over 8 million;
while Gitter has just over 800K users. Therefore, our
population of participants reflects the popularity of each
chat-service. To offset bias during thematic analysis (i.e.,
a manual process subject to human error), we performed
the analysis collaboratively, and carried discussions until
consensus was reached.

Another potential bias in our work lies in the fact that the
survey distribution in the case of Slack is skewed towards
public chatrooms, since we have not had access to private
chatrooms. However, regardless of the limited access to
private chatrooms (in the case of Slack), we were still able
to study the motivations of participants that use Slack in a
corporate setting. We envision that studying more private
chatrooms could enrich our insights regarding the usage of
Slack in corporate settings, since private organizations will
likely use private chatrooms in Slack.

Lastly, another potential bias in our conclusions is due to
the nature of the projects (e.g., size, domain, complexity) of
our participants. It may be that their perception regarding
the motivation to use chatrooms may be tightly related to
the complexity of their project for example. However, our
goal in this work is to study the overall perceptions of
our participants instead of investigating the impact that the
nature of the projects may have on the perceived usefulness
of chatrooms.

Threats to internal validity concern our selection of
subjects and analysis methods. To better understand the use
of the chatrooms by developers, we opted to use a survey to
reach the participants. The survey inclusion criterion in the
first deployment phase is the membership in the chatrooms.
This suggests a bias towards developers that favor the use
of the chatrooms, over the general population that might
have differing views on the chatrooms. To mitigate this bias,
we targeted a more general population of developers in
the second phase of the survey (active users of GitHub).
We observed an agreement between the results of the two
deployment phases.

Finally, there are some risks involved in our chosen
methodology for the coding process. We adopted the same
methodology used by Treude et al. [30] in which coders
would sit together and discuss the codes until saturation
was reached. Although our methodology saved us time, the
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risk of this methodology is the generation of bias in case
one of the coders has a more vocal personality than others.
However, we do not think that this is our case, since we
made sure that every coder had a reserved time to express
his/her ideas in the coding sessions. Another limitation
of not performing independent coding, is that we do not
provide a measurement of Inter Coder Reliability (ICR) [31].
The main purpose of computing an ICR is to make sure
that coders have a common understanding of the coding
scheme that is produced. On the other hand, we believe that
our sessions can also reduce misunderstandings effectively
because every deviation in the interpretation of a given
code was discussed instantaneously. Given that our coders
discussed all responses together (as opposed to working
with samples), we believe that our methodology is sound.

Threats to external wvalidity concern the possibility
to generalize our results. Our study focuses on two
widely-used developer-oriented chat-services (i.e., Slack
and Gitter). Although our findings are specific to Slack
(a proprietary service geared towards corporations) and
Gitter (an open source service aimed at the open source
communities), many observations could be applicable to
other chat-services that offer similar services, such as
Microsoft teams, Cisco Jabber, or Chatter.

Although we strive for higher response rates (e.g.,
by providing incentives to 30% of our participants), we
still face challenges. For example, we posted our survey
solicitation in 770 Gitter rooms. However, we received
only 47 responses. There are two possible reasons for this
problem. First, as we also learn from our participants,
messages get lost quite fast in chatrooms, which reduces the
visibility of our survey requests. Additionally, in a number
of chatrooms, the admins deemed our request as off-topic
or as not in line with the requlations of the chatroom. As such,
our requests were never posted or simply deleted from the
chatrooms. Nevertheless, we still believe that our sample of
participants can provide valuable insights for the software
engineering community.

7 RELATED WORK

In this section, we discuss the related work and explain how
they relate to our three research questions.

Motivation of Chatrooms Uses. developer chatrooms
have attracted the attention of researchers for different
reasons [32]. This is in part due to the important role
of chatrooms in managing knowledge, as reported by
Waska et al. [33]. Specifically, chatrooms support three
types of knowledge transfer: the knowledge embedded
(i) in developers’ heads [18], (ii) in artifacts [34], and
(iif) in communities [8]. Storey et al. [18] argue that the
modern chatrooms mimic the face-to-face communication
and allows the transfer of tacit knowledge. Shihab et al. [34]
find that the project artifacts (e.g., test cases and source code)
are constantly discussed in chatrooms. These discussions
complement IDEs and Version Control Systems (VCS). To
support the communities, Lin et al. [8] report that software
developers congregate in chatrooms to discuss what the
community has learned over time. Lin et al. [§] further
reckon that communication, information discovery, and the
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feeling of belonging to a community are some of the most

reported motivations behind using Slack, for example.

The Impact of Chatrooms on Software Development. As

the usage of the modern chatrooms is increasing at a fast

pace, researchers have been investigating the impact of

the chatrooms on the software projects. Gutwin et al. [4]

studied the group awareness in open source projects, and

reported that chatrooms (in their case IRC) are beneficial
for ad-hoc communication and the overhearing of informal

and technical discussions. An analysis by Hendel et al. [7]

revealed that six distributed development teams use the

chatrooms to achieve synchronous communication with

occasional asynchronous exchanges. Chatterjee et al. [35]

observed that developer chats in Slack provide more

information on APl mentions than Q&A (e.g., Stack

Overflow) posts. Storey et al. [18] reported that the

chatrooms support the one-on-one discussions and the

knowledge exchange, among developers. Storey et al. [18]

also explained that private chat still falls short in terms of

supporting the sharing of contextual information.

Although previous studies have highlighted some
advantages of using chatrooms in software development,
the impact that the chatrooms have on the projects being
developed is still unclear. The results of the survey
administered in the scope of this study reveal the following
impacts:

e Our study confirms the results by Gutwin ef al. [4] that
chat-services support group awareness, particularly in
Slack.

o Both Slack and Gitter are found to enable access
to information unavailable elsewhere (e.g., peripheral
knowledge of a project), which ultimately enables the
learning and use of the best practices.

o In Gitter, the feedback loop from a project’s users is
reduced, which possibly allows an evolution of the project
that is more in line with the expectation of the users (e.g.,
in terms of which bugs to fix or features to implement).

The Quality of Chatrooms. The quality of the

communication channels in software development is

determined by the features that are offered by these
channels (e.g., code highlighting) and their communities

(e.g., friendly developers). For instance, Internet Relay Chat

(IRC) is a communication channel that is commonly used

by open source developers. However, Chowdhury and

Hindle [36] identify a non-negligible amount of off-topic

discussions in IRC discussions. Off-topic discussions can be

a detriment to the efficiency of any chatroom service. For

example, a considerable amount of off-topic discussions can

hinder knowledge organization and may keep developers
distracted. With this issue in mind, Chowdhury and

Hindle [36] proposed classifiers to filter out off-topic

discussions in programming IRC channels. The classifiers

are trained using Stack Overflow data as positive examples
of on-topic discussions, and YouTube video comments as
the opposite. Although Stack Overflow is praised for the
quality of the questions and answers, it is also criticized for
its “unwelcoming community” and the high entry barrier

for the beginners [37] [38]. For example, Vasilescu et al. [37]

run a comparison of the representativeness and activity of

genders between Stack Overflow and the mailing lists, and
reveal that women disengage sooner despite similar activity
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levels to men. Mamykina et al. [38] claim that the high entry

barrier for beginners is established by a need for “reputation

points”. For example, a user cannot vote for the quality of
an answer if his/her reputation is not at a certain level.

Although the quality determinants of mailing lists
and Q&A systems, such as Stack Overflow, have
been well investigated, the quality determinants of
modern chatrooms, such as Slack and Gitter, are still
unclear. Investigating the quality determinants of modern
chatrooms is important because their usage has increased
exponentially. In this regard, our study reveals the
following;:

o Although it may be a conscious design decision to keep
the chatrooms history volatile (or at the very least hard
to search), the survey respondents report a need for
mechanisms to manage the chat history, by providing
better search features and history management. For
example, a project design decisions may be discussed
in the chat, and with time the rationale behind such
decisions may be lost and hard to recover.

e Although good moderation is a reported quality
determinant in both Slack and Gitter, the most reported
theme is the quality of the community, in terms of both
expertise and friendliness.

8 CONCLUSION

We design a survey to assess the motivations of the
developers when using two widely used developers’
services, namely Slack and Gitter. We find that the
chatrooms are used by the developers to exchange timely
and expert knowledge, motivated by intrinsic reasons (e.g.,
support the project community), and extrinsic reasons
(e.g., improve the reputations). We further attempt to
identify the impact of the use of the chatrooms on
the software projects. Our findings show that chatrooms
reportedly impact the communication management, the
development directions, and the resolution time of issues.
The developers” productivity can be positively impacted by
the use of chatrooms. We find that quality determinants of
chatrooms are mainly the activity levels and expertise of
the community members. In our future studies, we will
investigate further aspects in the chatrooms, such as (1)
the quantitative impact on the projects (as opposed to the
perceived impact reported in this study); (2) the nature of
the topics discussed; (3) the participation patterns of the
developers and non-developers; (4) whether different levels
of experience with chatrooms influence the perceptions
of our participants; and (5) how gender can influence
the participation dynamics on chatrooms. Regarding the
participation patterns of developers, we will study whether
existing Natural Language Processing techniques are suitable
for automatically identifying and classifying discussion
threads [39]. Lastly, we plan to extend our future studies to
include other modern developer chatrooms, such as GitHub
Discussions.
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