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Abstract |i

Abstract

In recent years, threaded conversations have been introduced in many popular
business-oriented chat applications, such as Slack, Microsoft Teams, and
Google Chat. However, there is limited research on how different methods
of implementing threaded conversations influence their dynamics. To explore
this, we extended a chat application with the threaded conversation methods
used in Slack, Microsoft Teams, and a modified version of Slack incorporating
a drag-and-drop feature for moving messages between channels and threads.
We conducted a short-term remote user study (N=14) with corporate users.
Our results indicated that no specific method led to a higher percentage of
threaded messages, facilitated easier thread creation, or affected the frequency
of message misplacement. However, the drag-and-drop version performed
better in relocating misplaced messages within a channel, often through
collaborative efforts. Additionally, participants showed a willingness to
correct misplaced messages, regardless of whether they were their own or
posted by others. Lastly, we provide guidelines for researchers and developers
of chat applications that support threaded conversations.
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chat application, channel, thread, threaded conversation, drag-and-drop, Slack



il | Sammanfattning

Sammanfattning

Under de senaste dren har trddade konversationer introducerats i méanga
populira foretagsinriktade chattapplikationer, sdsom Slack, Microsoft Teams
och Google Chat. Det finns dock begrinsad forskning om hur olika metoder
for att implementera trddade konversationer paverkar deras dynamik. For att
undersoka detta utokade vi en chattapplikation med de metoder for tradade
konversationer som anvands i Slack, Microsoft Teams och en modifierad
version av Slack med en dra-och-sldpp-funktion for att flytta meddelanden
mellan kanaler och trddar. Vi genomforde en kortsiktig distansstudie (N=14)
med foretagsanvindare. Vara resultat visade att ingen specifik metod ledde
till en hogre andel trdidade meddelanden, underlittade enklare trddskapande
eller paverkade frekvensen av felplacerade meddelanden. Dédremot presterade
dra-och-sldpp-versionen bittre vid omplacering av felplacerade meddelanden
inom en kanal, ofta genom samarbete. Dessutom visade deltagarna en vilja
att rétta till felplacerade meddelanden, oavsett om de var deras egna eller
postade av andra. Slutligen ger vi riktlinjer for forskare och utvecklare av
chattapplikationer som stodjer trddade konversationer.

Nyckelord

chatapplikation, kanal, trdd, trddad conversation, dra och slipp, Slack
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Chapter 1

Introduction

1.1 Background

An increasing number of companies and organizations are adopting chat
applications for instant messaging to manage their operational activities and
socialize. In contrast to email, instant messaging is primarily synchronous,
characterized by an expectation for rapid replies and a frequent exchange of
messages [1]. Three chat applications commonly used by organizations are
Slack [2], Microsoft Teams [3], and Google Chat [4].

Typically, chat applications have many different chat rooms which can vary
in the number of participants, the topics discussed, and how active the chat
room is. Due to the large amount of channels and messages being created,
there are several challenges with using these chat applications. Research
suggests that users can receive too many messages to keep track of [5, 6],
topics can be hard to follow in chats due to the topics being interleaved [5—8],
that it can be difficult to find the most suitable channel for a message’s topic
[9, 10].

One feature that can help users deal with some of these challenges is
threaded conversations in chat rooms, which many modern and popular chat
applications support. Threads can be used to organize messages by topic,
which changes the visual presentation of messages from a singular sequential
list, where new messages appear at the bottom and where topics can be more
or less interleaved, to a sequential list where replies are attached beneath
their corresponding messages. Typically, the replies in a thread are visually
presented in a collapsed manner beneath the parent message, either by showing
a few of the latest replies, which is the case in Microsoft Teams, or by
presenting them as a row with metadata, e.g. number of replies and timestamp
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for the latest reply, which is the case in Slack. This property can help users
to deal with large amounts of incoming messages, e.g. if a new thread with
several replies isn’t relevant for the user they can skip reading it and focus on
more relevant threads and messages in the channel [11].

Chat applications use various methods of creating threads. In Slack, thread
creation is slightly hidden as users have to hover over a message with the mouse
cursor to find the "Reply in thread" button in a box in the top right corner of the
message. In Microsoft Teams channels, threads can be created by clicking on
a "Reply" button that’s always visible below the message or thread, and then
writing a reply inline in the channel.

1.2 Problem

In the case of Slack with its slightly hidden way of creating threads and
visualizing the threaded messages in the channel, some research suggests that
a limited amount of users use threaded conversations [5, 12]. Possible reasons
for this are cumbersome processes for organizing information [6], such as
the requirement for extra clicks [12], a lack of clear instructions on how to
use channels and threads [10], or differing opinions on how to use these chat
features [13]. In the case of Microsoft Teams’ with its inline approach to thread
creation and visualization of threaded messages, to the best of our knowledge,
very limited research exists that specifically focuses on threaded conversation.

Further, what happens when messages end up in the wrong place? Early
research on threaded conversation in chat applications explored drag-and-drop
as a method of organizing messages and recovering from mistakes [7, 14, 15],
a feature not commonly found in today’s popular chat applications. However,
as more chat applications have adopted threaded conversations today, perhaps
this feature can be an intuitive way of recovering from these mistakes.

This thesis explores how different methods in a chat application influence
threading in conversations. The first method for threaded conversations, used
as a baseline, is Slack, i.e. hovering over a message with the mouse cursor to
then click the "Reply in thread" button, and threaded messages are visualized
as arow of metadata in the channel. This method is used as a baseline because
it’s, to the best of our knowledge, the most commonly used in today’s chat
applications (see section 2.2.3 for more details). The second method, referred
to as the Inline approach, follows the Microsoft Teams model: users click
an always-visible reply button and threaded messages are visible inline in
the channel. The third method, Drag-and-drop, involves the ability to move
messages between the channel and threads. As this is an additional method
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to threaded conversations, it will be integrated as an additional feature to our
baseline method Slack.
The research question for this thesis is:

RQ: How can the methods Slack, Inline, and Drag-and-drop influence
threading in the conversations in chat applications?

1.3 Purpose

The company TellusTalk, where this thesis research is conducted, is
developing a digital office product similar to Slack and Discord. TellusTalk
had previously encountered several challenges with existing chat applications
in managing their daily operational activities and wanted to design their
own chat application to better deal with the challenges. During the initial
development phase of the chat application, TellusTalk experimented with
various approaches to threaded conversations but struggled to understand how
different features influence threading in conversations.

While there is a growing body of research on threading in chat applications
utilized by companies, most studies have focused on analyzing user behavior
in single chat applications. To the best of our knowledge, very limited
research exists that examines how different methods influence threading in
chat applications. This thesis aims to fill that gap by exploring how various
methods affect threading dynamics.

1.4 Sustainability and Ethics

1.4.1 Ethics

The research field of chat applications has several ethical concerns, with
privacy being one of them. As this thesis primarily explores various methods
of threaded conversations—focusing on alterations in the presentation of
messages—these modifications do not introduce additional ethical concerns.
It is true that messages within threads may receive less visibility, and
consequently, less attention than top-level channel messages. However, since
users retain the freedom to post messages in any location, they have the
opportunity to participate equally across different areas of the application.
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1.4.2 Sustainability

Improving and evaluating threaded conversation methods in business-oriented
chat applications may make these tools more inclusive and satisfying to use.
Such improvements could, in turn, boost employee well-being by helping them
manage the information overload that previous research has highlighted. This
can be connected to goal 9 in the UN’s sustainable development goals®, which
aim to build inclusive infrastructure.

1.5 Structure of the thesis

This thesis starts with a background section (chapter 2) that introduces
relevant concepts and prior research within the field of group chat, threaded
conversations, and how companies use group chat. This is followed by
a threading concepts section (chapter 3) where we describe the different
threading concepts being studied. A subsequent methodology section
(chapter 4) describes the recruitment and background of participants, the study
design, the measurements, and implementation details. This is followed by a
results section (chapter 5). Finally, the results are discussed (chapter 6) and
our conclusions are presented (chapter 7).

*https://sdgs.un.org/goals
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Chapter 2

Background

2.1 Chat applications

Group chat and instant messaging have been studied since the 1990s [16—18].
Research has focused on introducing instant messaging in workplaces [17, 19,
20], comparing group chat with group talk [21, 22], using chat in therapy and
healthcare [23-25], analyzing chat log activity and affect [12, 26], and more
recently, integrating chatbots into group chat environments [27-29].

One fundamental property of most instant messaging applications is
that messages are sequentially presented in a list. While this format
might be simple and intuitive since most people are familiar with lists, it
comes with challenges. In both one-on-one chat rooms, often referred to
as direct messages, and group channels, multiple topics can be discussed
simultaneously, leading to interleaved topics (see fig. 2.1). This can make
topics hard to follow, something that is reported in both older [7, 8] and more
current research [5, 6]. This is especially the case for present members of live
chat conversations that are highly active and for absent members who have to
make sense of the conversations afterward, due to falling behind, being away,
revisiting old chat logs, or being a newcomer to the group.

Another theme that’s reported in the literature is information overload. Too
many messages can be arriving to keep track of, leading to people falling
behind [5, 6, 11]. In a study that interviewed people from tech companies,
research groups, and other communities of interest, participants reported that
strategies for catching up are unsatisfactory, where users might have to skim
through chat logs that are poorly segmented by discussion topic, leading to
some people choosing to ignore missed messages [6]. Another study on chat
application usage in tech companies reported that this kind of information
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overload can affect work-related well-being [11].

Simon Johnsson 1:22Pm
Ok, we really need to fix these bugs quickly. When do you guys think it's done?

Particia Moore  1:20Pm
As requested, here are the contact details to the site in Stockholm: www.compa....

Lucy Garret 1:35 PM
L | think the bugs will be fixed by tomorrow, I'll keep you updated! Should | also update Bachir?

Marcus Turner  1:50 PM
Thanks Patricia!!

Simon Johnsson 2:02Pm
Yes Lucy, please do!

Figure 2.1: A sketch of interleaved topics. The messages marked with blue
belong to one topic, and the messages marked with red belong to another.

2.1.1 Chat applications in the workplace

Today, many organizations use applications such as Slack [2], Microsoft
Teams [3], and Google Chat [4] to manage their operational activities
and socialize. The adoption of instant messaging systems like these has
been proven to significantly elevate the quality of communication, which
eventually improves team performance [30]. As more companies have adopted
chat applications, the body of research on how companies use these chat
applications is growing, especially in the case of Slack. Recent research
has studied how Slack is used in a global digital news outlet [31], IT
companies [32, 33], information systems development organization [34],
software companies [11, 13, 35, 36], devops teams [37], multidisciplined
university-based team working with biometrics [9], youths working in an after
school print-shop [10], and other technology companies [11]. However, the
majority of these studies focus on how companies remotely carry on their
processes and how their work environments are affected. Very limited work
examines the dynamics of threaded conversations.

Private chat rooms between two people are often called direct messages
(DMs) in chat applications, and chat rooms with more than two people are
often called channels. When creating a new Slack workspace, two channels
are automatically created. The first is a "general" channel, which always
includes all members of the workspace and is intended, according to Slack’s
default channel description, as a great spot for announcements and team-wide
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conversations. The second is a "random" channel and is described as a space
for humor and spontaneous ideas. Companies continuously customize and
create new channels according to their needs, sometimes done by managers
and other senior staff [31, 36], and some common categories of channels
are miscellaneous channels, which cover general or social topics that may
or may not be work-related [9-11, 13, 31, 32]; team channels, designed for
specific departments, subgroups, or cross-departmental roles [11, 13, 33-35,
37]; project or topic-specific channels [9, 11, 13, 31-33, 37]; and logistics
channels, which are dedicated to announcements, updates, and scheduling [9,
11, 32].

The creation of channels can be triggered by many things. As companies
grow and move through different phases, the start of new projects might
motivate the creation of new project-based channels. Further, the activity in
some general channels may become too overwhelming, leading to channels
being created for specific teams [38] or to move the discussion around
certain topics [13]. The sheer amount of channels might also become too
overwhelming, triggering the creation of more channels. In a qualitative study
conducted on 8 different technology companies, participants described how
the organization and division-level announcement channels were curated into
a team-specific announcement channel, in order to lower the amount of focus
points [11]. Moreover, when the amount of channels are growing, the lack of
a naming convention can make the channels hard to separate [39].

The number of created channels within the categories mentioned above
seems to vary, as well as the structure and behaviors within the different
channels. Wang et al. conducted a study on Slack usage over 3 years for
an R&D department in a multinational IT company[32]. The most common
channels that were created were project channels, followed by test channels
(created by accident or through testing the creation feature) and social channels
[32]. When comparing project and social channels, social channels had more
messages, more members, a longer active time span, and a higher amount of
threads in the channel [32]. Contrary results can be found in other studies.
Regarding the most active channel, Azarova et al.’s study on a multidisciplined
university-based team working with biometrics reported that a topic-specific
channel had the most amount of messages [9].

When it comes to the usage of threads, Henry et al.’s study on 8 technology
companies reported that threads were frequently used for internal support
requests within project, division, and public team channels [11]. They were
often used as a method of minimizing the number of notifications sent to
irrelevant colleagues in the channels, and whenever the participants stopped
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using threads they could feel the consequences immediately [11]. However,
making these comparisons are challenging as some companies have explicit
guidelines for how to use the chat and others do not [13, 39]. This leads to
companies and individuals using Slacks features differently, some might create
threads within channels instead of creating new channels.

Connecting this body of research to this thesis, Wang et al.’s study presents
empirical data on the number of threads created in different types of channels,
as well as the number of messages within the threads [32], and Henry et al.’s
study contributes to the understanding of how and why threads are used, i.e.
hiding irrelevant messages for others [11]. However, none of these studies
show whether a limited amount of users are using threads, which slightly older
research has suggested [5, 12]. This thesis aims to update our understanding
of this question, and especially who creates threads.

2.2 Threaded conversation

2.2.1 Threaded conversation in chat applications in the
literature

Between 2000 and 2012, a collection of studies explored threaded conversa-
tions within different forms of chat applications. The majority of these studies
explored the reply relationship between messages by structuring messages in
different kinds of trees. Two studies—one by Smith et al. and the other
one by Cheng et al.—developed chat applications that indent replies to a
specific message below it [7, 40]. In both applications, users could click
on a message that they wanted to reply to and write a reply that will be
indented under the message when posted (see fig. 2.2). This can create
several indentation steps if users write replies to other replies. In Smith et
al.’s application, messages could be moved from one location to another, for
instance, if a user posts it as a reply to the wrong message. During Smith
et al.’s evaluation of the threaded chat application, where they compared it
to a regular sequential chat application, participants had a more even posting
of messages [7]. Participants also reported that the threaded chat application
helped them maintain conversation better. However, they also reported lower
usability and satisfaction with the threaded applications.

Two other studies created chat applications that had multiple visualiza-
tions. Geyer et al. created Chat Spaces, which featured three distinct views:
a traditional sequential list showing the most recent messages at the bottom,
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another sequential list showing messages from a conversation branch in the
reply relationship tree, and a mosaic view allowing users to select which
branch to view [41]. Holmer et al. created MuViChat, which included a
regular sequential list alongside several tree-based views (see fig. 2.2) [42].
During their evaluation, participants sometimes missed incoming messages
due to the multiple locations where new messages could appear.

Simon Johnsson 1:22¢pm
Ok, we really need to fix these bugs quickly. When do you guys think it's done?

[ Simon Johnsson 122¢1
Ok, we really need to fix these
bugs quickly. When do you
guys think it's done?

As requested, here are the
contact details to the site in

Lucy Garret 135 PM Stockholm: www.compa....

I think the bugs will be fixed by tomorrow, I'll keep you updated! Should |
also update Bachir?

’ ParticiaMoore  1:297Mm ‘

Simon Johnsson 202 ¢ Lucy Garret 135pu
Yes Lucy, please do! I think the bugs will be fixed by
tomorrow, I'll keep you updated!

ParticiaMoore 129 pv |__Should | also update Bachir?
As requested, here are the contact details to the site in Stockholm: www.compa....

[ Marcus Turner 50 pM
Thanks Patricia!!

Marcus Turner  150PM

Thanks Patricial! [ Simon Johnsson 202\ }
iciat!

Yes Lucy, please do!

Figure 2.2: A sketch of two visualizations for the reply relationship between
messages that has been explored in previous research. On the left, a reply to a
message is placed intended below the message. On the right, a reply is placed
below the message with a vertex connecting them.

Rahimafar and Salim created Chatistance, a chat application that allowed
tagging messages by reference (i.e. the messages being replied to), topic,
and purpose of the message (such as a question) [43]. The messages
were presented in a sequential list which users could filter based on these
tags. During their evaluation, which involved a comparison with a regular
chat application, it was observed that participants posted fewer messages in
Chatistance. Some participants commented on the effort needed to do this
structuring work.

Two other studies by Tran et al. and Shen explored topic-oriented threading
that grouped messages by topic instead [14, 15]. In these chat applications,
users could create new topics and subtopics by clicking on a button/text.
Messages posted under a topic were intended below this topic (see fig. 2.3).
If a message was posted under an incorrect topic, the message could be
moved to the correct topic via drag-and-drop. During Tran et al.’s preliminary
evaluation, participants experienced that topics helped them to organize their
conversations [14]. However, they needed to agree on what topics they
would discuss beforehand. When this failed, related messages got mixed
with unrelated messages more often. During Shen’s preliminary evaluation,
about half of the participants could imagine switching from a traditional chat
application to a topic-oriented one [15].
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=& [ Software bugs

Simon Johnsson 1:22Pm
Ok, we really need to fix these bugs quickly. When do you guys think it's done?

Lucy Garret 1:35 PM

| think the bugs will be fixed by tomorrow, I'll keep you updated! Should |
also update Bachir?

Simon Johnsson 202prmM
Yes Lucy, please do!

[0 Contact details for Stockholm Site

Figure 2.3: A sketch of topic-oriented visualizations for messages that have
been explored in previous research. Messages that are placed together in a
folder belong to the same topic.

All of these studies paint a picture of threaded conversations in exploration,
both showing potential for structuring conversations but also challenges with
getting specific details right to not lower the usability and satisfaction with
the chat applications. As threaded conversations are more adopted in today’s
chat applications (which we will cover in section 2.2.3), with more years spent
on refining sensitive details, this thesis aims to update our understanding of
users’ experiences with using threaded conversations. Moreover, as Henry et
al.’s study [11], which we covered in section 2.1.1, reported on users feeling
the consequences immediately when they stopped using threads, this study
aims to explore if the drag-and-drop feature that was explored in Tran et al.’s
and Shen’s studies [14, 15] can be a helpful tool when stopping or failing to
use threads, for example by misplacing messages. We're especially interested
in who uses this feature which previous studies didn’t explore.

2.2.2 Threaded conversation in forums

More recent research has studied the impact of introducing threaded comment
sections in different forums. Aragén et al. studied the introduction of threads
on the Spanish news platform Menéame [44], while Budak et al. studied the
introduction of threads in the comment sections of the news site the Guardian
[45]. Both studies found that threads increased the number of replies. Further,
Budak et al. found that threads made users more likely to comment more than
once [45]. Another study compared discussions surrounding mental health
in group chats and 20 discussion forums, where the sequential structure led
to more evenly distributed replies and greater cohesiveness among members,
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while the threaded conversations led to the participants sending messages more
evenly [46].

There are also variations on the visualizations of threads, where they can
be fully expanded, folded in part, or fully folded. In forums, when threads
are fully expanded, the threads at the top of the page, including all of their
replies, receive more focus while new unrelated messages will be less visible
[44]. When threads are fully folded, the initial message or title of the thread
receives more focus. Researchers have argued that this feature must receive
special attention when designing online discussion platforms [44].

2.2.3 Threaded conversation in chat applications on the
market

Some of the most popular chat applications today among companies are
Microsoft Teams, Google Chat, and Slack. As of 2023, Microsoft Teams
reported 300 million daily active users [47], Google Chat had 200 million
[48], and Slack was forecasted to reach 32 million [49]. For all of these
three applications, threaded conversation was released to the market in 2017
[50-53], but there were differences between them.

In Slack, users can create a thread by clicking on the "Reply in thread"
button, which appears when hovering over the message with the mouse cursor.
On desktop interfaces, this action opens a secondary window to the right of
the screen where the threaded conversation occurs. Replies within a thread
are not displayed in the main channel; instead, they are represented as a row
with metadata that includes avatars of users who have posted replies, the total
number of replies, and a timestamp for the most recent reply (see fig. B.1).

When Google Chat introduced threaded conversations, the application was
called Hangouts Chat [54]. At the time, they called chat rooms Rooms, instead
of Channels like Slack. Below each message that is posted in a room, a reply
button is visible, and replies are nested below the original message, allowing
the thread can to be read continuously within the room. When a thread receives
many replies, such as 150 or more, only a few of most recent replies are shown.
The rest of the messages have to be folded out by clicking a "99+" button.
However, in 2023 Google rolled out an update that modified its threading
functionality to more closely resemble that of Slack [55]..
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Channel Thread

Simon Johnsson 1:22 Py
Everyone at the office on Friday
will be offered

lunch! Any allergies that we need
to know of?

2 replies

Patricia Moore 1:30pPM

What a treat! I'm allergic to
peanuts

Simon Johnsson 1:22 Pm ;
Everyone at the office on Friday will be offe

lunch! Any allergies that we need to know of? m

n m 2replies Lastreply today at 1:53 PM

Marcus Turner 1:53pPM
Nice ending to the week!

Reply

Figure 2.4: A sketch of how threaded conversations work in Slack. Users can
read the threaded replies in a separate window to the right.

Microsoft Teams was launched in 2017 [52] with threaded conversation as
an existing feature from the start [53]. The threading approach in Microsoft
Teams initially mirrored the original functionality of Google Chat, where each
message in a channel is accompanied by a reply button directly beneath it.
The key difference in Microsoft Teams is that replies are indented beneath the
parent message, a feature not present in the initial design of Google Chat. In
Microsoft Teams, only a few of the most recent messages are visible within a
thread, and to view the entire thread users have to click on a "X more replies"
text, where "X" equals the number of hidden replies. This action replaces the
channel view with a focused view of the thread, with all replies fully visible
(see fig. B.2).



Background | 13

Channel (collapsed thread) Channel (expanded thread)
‘ Simon Johnsson 1:22 M ‘ Simon Johnsson 1:22 M
Everyone at the office on Friday will be offered Everyone at the office on Friday will be offered
lunch! Any allergies that we need to know of? lunch! Any allergies that we need to know of?
1 more reply Collapse all

Patricia Moore 1:30Pm

Marcus Turner 1:53 pm .
. " What a treat! I'm allergic to peanuts
Nice ending to the week!

Lucy Garret 1:30 PM Marcus Turner 1:53pm
u Yummy! I'm vegan Nice ending to the week!
n Lucy Garret  1:20PM

<! Reply Yummy! I'm vegan

<« Reply

Figure 2.5: A sketch of how threaded conversations work in Microsoft Teams
channels. On the left, there is a collapsed thread. Clicking on the "I more
reply” text expands the thread, turning it into the image to the right.

Some other notable chat applications are MatterMost and Discord, both
released in 2015 [56, 57]. MatterMost is an open-source application designed
for business use and supports threaded conversations, and feature-wise it
works very similar to Slack. Discord is an application made for the gaming
community, which also supports threaded conversation [57]. Discord’s
threading works slightly differently compared to Slack. Users have the option
to either "Reply" directly to a message, which places the reply at the bottom of
the channel linked to the original message, or "Create thread," which creates
a collapsed thread similar to Slack. Additionally, users can access a list of all
threads in the channel by clicking on the thread icon at the top of the channel.

Connecting this section with the purpose of this thesis, as Slack’s method
of threaded conversations seems to be the most common one across today’s
popular chat applications, we will regard this method as a baseline in this
thesis. With Microsoft Teams being the biggest chat application in terms
of the number of daily active users, and that no previous research, to the
best of our knowledge, has compared threading dynamics between Slack and
Microsoft Teams, Microsoft Team’s approach to threaded conversations will
also be examined in this thesis.
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Chapter 3

Threading concepts

In our attempt to explore threading in chat applications, we developed three
concepts based on the background in chapter 2: the Slack concept, the drag-
and-drop concept, and the inline concept. For clarity, we will now recall the
motivations for each concept. Slack’s method of threaded conversations seems
to be the most common method across today’s chat applications, which is
the motivation behind this concept. Regarding the drag-and-drop concept,
previous research on Slack has suggested that users feel the consequences
immediately when they stop using threads [11]. Other research explored
dragging and dropping messages as a way of dealing with stopping or failing
to use threads, for example by misplacing messages [14, 15]. However,
these studies were conducted before threaded conversations became widely
adopted in chat applications on the market, and the drag-and-drop concept is
to the best of our knowledge not found in today’s popular chat applications.
Therefore, we wanted to reintroduce and explore this concept in today’s chat
applications, as they likely have become more refined over time as users
may have become increasingly accustomed to chat applications that support
threaded conversations. Lastly, the inline concept is very similar to how
threaded conversations work in Microsoft Teams, and Microsoft Teams is the
most popular chat application in terms of the number of daily active users [47].
In the following sections, we outline these concepts in detail.

3.1 Concept 1: Slack

This concept replicated Slack’s threading features: to create a thread, a user
has to hover the mouse cursor over the message that the user intends to reply to,
which makes a box appear in the top right corner of the message. The user then
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has to click on the arrow icon (see fig. 3.1), which opens a new chat window
for the thread on the right side of the screen. If a message has received replies,
thus forming a thread, a new row is added below the message that contains
an avatar of the person who posted the last reply, the number of replies in
the thread, and a timestamp for when the last reply was posted (see fig. 3.1).
Clicking on this row opens the thread in the same way as when clicking the
arrow icon as described earlier.

@ Marcus Gahlin 5/3/2024,10:54 AM
Hi! Me and Jessica will be having lunch outside by the entrance.
Anyone else wants to join? &

@ 2 replies Last reply 5/3/2024,10:58 AM

LI ﬁn. Q e
@ Bachir Sbinati 5/3/2024,10:55 AM W

Interesting read: https://vercel.com/blog/latency-numbers-every-
web-developer-should-know

Figure 3.1: The Slack concept, which has the same features as Slack when it
comes to threaded conversations.

3.2 Concept 2: Drag-and-drop

This concept has the same features as the Slack concept with one extension:
messages can be moved. More specifically, messages posted in the main
channel that haven’t received any replies can be dragged and dropped over
other messages to convert the message to a reply. Further, replies within
threads can also be dragged and dropped over to the main channel to convert
them into messages. Whenever a message or reply is moved, it’s sorted
according to the time it was originally written. To drag a message, the user
must first grab the message by the grabber icon to the left (see fig. 3.2). Users
can drag any message, both their own messages and others. Whenever a
message has been moved, it is marked with a "moved" tag (see fig. 3.2).
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- Bachir Sbinati 5/3/2024,10:58 AM (moved)

What time does the lunch start? {,“"

Figure 3.2: The drag-and-drop concept has the same features as the Slack
concept, except messages can be moved from the channel to a thread or vice
versa, using drag-and-drop. When a message has been moved it’s marked with
"(moved)" to the right of the time stamp.

3.3 Concept 3: Inline

This concept visually resembles the threading feature in Microsoft Teams.
Below each message posted in the channel, a designated input field for replies
is visible at all times, without the need to hover over the message with the
mouse cursor. The user can simply click on this input field and start typing a
reply to the message. When a message receives replies, some or all of these
replies are visible in the channel (see fig. 3.3). By default, the two latest
replies are visible. The user can expand the thread by clicking on the "X
more messages" text below the parent message. When exploring this concept,
we noticed that expanding threads with many replies could be overwhelming.
Further, to close the thread you had to scroll back up to the start of the thread
and click the same text again. To solve this, we introduced a limit: if a thread
exceeded six messages, clicking *X more messages’ would open the thread in
a secondary window, similar to the Slack concept.

@ Marcus Gahlin 5/3/2024,10:54 AM
Hi! Me and Jessica will be having lunch outside by the entrance.
Anyone else wants to join? &

1 more message v

™)\ Bachir Sbinati 5/3/2024,10:58 AM
: What time does the lunch start?

0 Marcus Gahlin 5/3/2024, 11:53 AM
12 pm &

Reply...

Figure 3.3: The Inline concept has features similar to Microsoft Teams when
it comes to threaded conversations.
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Chapter 4

Methodology

We conducted a short-term remote user study in which participants were asked
to use our chat application for group chatting with their colleagues over the
course of a working day.

4.1 Participants

Three groups comprising a total of 15 participants were recruited from three
different IT and communication companies using a convenience sampling
method. Unfortunately, one participant had to withdraw on the day of the
experiment due to illness. The composition of the groups was as follows: five
participants were employees of TellusTalk, four were from SMS Teknik, and
five worked at the consulting firm Consid, located in Karlskrona, Sweden.

The Consid group consisted of three female and two male participants
with ages ranging from 32 to 44 (M = 39.2, SD = 5.4). Their roles included
two software developers, one programmer, and two consultant managers. The
Tellustalk also group consisted of three female and two male participants but
with ages ranging from 25 to 50 (M = 40.8, SD =9.9). All members worked
with sales and customer support. Lastly, the SMS Teknik group consisted of
three female and one male participant, with ages ranging from 23 to 45 (M =
33.8, SD = 9.4), all of whom also worked in sales and customer support.

All groups had previous professional experience with chat applications,
although the extent of experience varied among them. The Consid group
was familiar with six applications: Slack, Microsoft Teams, Skype, Discord,
MatterMost, and Google Chat. The Tellustalk group had experience with four
applications: Discord, Slack, Skype, and Google Chat. Similarly, the SMS
Teknik group had experience with four applications: Slack, Microsoft Teams,
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Skype, and Telavox. As a measure of experience between the groups, the
number of chat applications that members reported having used in the Consid
group ranged from 2 to 5 (M = 4.2, SD = 0.5). The corresponding numbers
for the Tellustalk group were a range from 1 to 4 (M = 1.2, SD = 1.3), and for
the SMS Teknik group a range from 2 to 5 (M = 3.5, SD = 1.3).

On a daily basis, the Consid group used Microsoft Teams as their current
chat application. They were avid users of threaded conversation, explaining
that it helped them organize their conversations and that Microsoft Teams
channels influence you to use threads. All participants stated that they
sometimes create threads.

The Tellustalk group used Discord as their current chat application. Within
this group, only one participant stated that they used threads within the group,
with the rest stating the contrary. In fact, 2 participants stated that they weren’t
familiar with threads at all. A possible explanation for these mixed answers is
that threads are used in other groups within the company where a few of the
members in the group are members.

The SMS Teknik group also used Discord as their current chat application.
All participants stated that they use threads daily or weekly, explaining that
it helped them to organize messages belonging to specific tasks. However,
only half of the participants stated that they sometimes actively created threads
themselves.

4.2 Study design

The study was structured around three main phases: an initial pre-test
questionnaire (see appendix B) to gather information about the participants
and their prior experience with chat applications; a test session spanning
over a working day equivalent to 8 hours; and a post-test questionnaire (see
appendix C) designed to collect feedback on the participants’ experiences after
the test.

When evaluating different software within groups, participants may
carry over knowledge from one platform to another, potentially influencing
subsequent assessments. To avoid more variables affecting our results, we
opted for a between-groups design for our study. During the between-groups
test, we used the three different threading concepts presented in chapter 3.
These were the Slack concept, which seems to be the most common threading
concept across today’s chat applications; the Drag-and-drop concept, which
is the same as the Slack concept but where messages can be reorganized after
having been posted; and the Inline concept, which resembles the threading
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concept in Microsoft Team’s, currently the most popular chat application in
terms of daily active users [47].

Aside from the threading concepts that differentiated chat applications
used by the groups, several features were common across all platforms.
Messages could be posted in channels or threads, and messages could be
edited, deleted, and reacted to. These options were accessible from a box that
appears in the top right corner of the message when the mouse cursor hovers
over it. Users could only edit and delete their own messages. Whenever a user
posted a message in a channel, the other members of the channel got notified
with:

¢ A notification sound.

Notification badges within the chat application (see fig. 4.1 A).

A notification badge on the application’s icon (see fig. 4.1 B).

A notification using the operative systems native API (see fig. 4.1 C).

Notifications for new messages posted in a thread are selectively sent; only
users who have previously posted a reply in the thread, thereby indicating their
activity within it, receive these alerts. Although notifications were not the
primary focus of this thesis, they play a crucial role in alerting users to new
messages and thereby influence user interaction within the chat.

Channelso (2) DMs 1
A © (& B
)

Q  Search +

v Channels c W~ Bachir Sbinati
Marcus test 1 o . Hil Can you help me with something? &

Figure 4.1: Notification features common for all three chat application
versions.

Participants from the same company were assigned to the same group to
facilitate work-related discussions among them. Each group was randomly
assigned a threading concept and a channel to chat in, and participants could
only chat within their designated group. Participants were told to use the chat
application alongside their regular work tasks and were free to discuss any
topics, but to ensure engagement, three participants in each group were given
specific tasks designed to initiate conversation. These tasks included:
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 Start and maintain a discussion to plan an after-work event.
* Ask the others for vacation advice.

 Sharing personal opinions on a topic of interest.

Participants were allowed to modify these tasks to better suit their interests.
As being an after-work event planner might not be comfortable for everyone, a
suitable participant was assigned this task after having consulted one member
from each group. The remaining tasks were assigned randomly.

4.3 Apparatus

Three different chat versions were developed by modifying and extending
TellusTalk’s existing chat application. The application was built with
TypeScript, HTML, Bootstrap, CSS, React, and Redux for state and request
management. Then, the application was converted to a desktop app using
Electron, a framework that enables the creation of cross-platform desktop apps
from web applications [58]. Regarding the application’s architecture, when a
user performs an action, such as sending a message, this action is both sent
to the backend through an API and to active receiving users via a web socket
Sserver.

4.4 Measurements

To compare the three different threading concepts, the following data was
collected:

* Number of postings: We counted the number of times participants
posted a message in their channel and threads.

* Number of created threads and their depths: We counted the number
of threads participants created and the number of messages in each
thread.

* Number of edits: We counted the number of times participants edited
messages.

* Number of deletions: We counted the number of times participants
deleted messages and observed what was changed in the message.
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* Number of messages being moved from the channel to a thread: This
was only measured for the group using the drag-and-drop concept.

* Number of messages being moved from a thread to the channel: This
was only measured for the group using the drag-and-drop concept.

e Observations: For many of the measurements listed above, we
observed the content of the messages and their context to provide
explanations as to why certain events occurred.

* Chat application experience: At the end of the test session,
participants were asked to assess their experience with the chat
application by answering five Likert scale statements regarding (1) the
ease of creating threads, (2) the ease of organizing messages, (3) the
ease of maintaining threads, (4) the ease of recovering from making
mistakes, and (5) if conversation topics easily become mixed. Moreover,
participants had to answer three open-ended questions, related to
threading, regarding what features they liked the most, what features
they liked the least, and what they’d like to improve.

4.5 Procedure

The Slack concept was assigned to the group from Consid, the Drag-and-drop
concept to the group from TellusTalk, and the Inline concept to the group from
SMS Teknik. These three groups will be referred to as the Slack group, the
Dnd group, and the Inline group further on in this paper.

Before the test, all participants were required to sign a consent form,
fill in the pre-test questionnaire, install the chat application, and receive a
brief introduction to its functionality and available features. During the
introduction, participants were instructed to utilize the features of the chat
application as they deemed appropriate, without any encouragement to use
specific features. Finally, at the end of the test, participants had to fill in the
post-test questionnaire. Throughout the analysis of the data, participants were
kept anonymous.
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Chapter 5

Results

Starting with a summary of the results, no specific method led to a higher
percentage of threaded messages, facilitated easier thread creation, or affected
the frequency of message misplacement. However, the drag-and-drop version
performed better in relocating misplaced messages within a channel, often
through collaborative efforts. Participants also showed a willingness to correct
misplaced messages, regardless of whether they were their own or posted by
others. These results are provided in detail in the following sections.

5.1 General activity

All three groups had active conversations during the experiment. In total, the
Slack group posted 103 messages between 07.30 AM and 04.30 PM. Out of all
messages, 12 were posted in the channel, and the remaining 91 messages were
posted in threads as replies. The group created 9 threads, meaning that only
3 messages in the channel were non-threaded messages. These 3 messages all
ended the day for several participants and were of the type "I'm done for the
day". In total, 97% of all messages were threaded.

The most active participant in the Slack group was participant 3 (P3),
posting 35% of all messages, who also had been assigned the task of asking
the others in the group for vacation advice. The least active participant was
PS5, posting 8% of all messages, and had been assigned the task of sharing
opinions with the others. See fig. 5.1 for more details.
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Slack group: posted messages over time Slack group: distribution of messages among participants
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Figure 5.1: Two figures showing the activity of the Slack group during the test.
On the left, we see when messages were posted during the day. On the right,
we see the amount of messages posted by different participants together with
which participants were assigned specific tasks.

The Dnd group posted 149 messages between 08.00 AM and 05.00 PM.
15 of these messages were posted in the channel, and 134 messages where
posted in threads as replies. The group created 10 threads, which means that 5
non-threaded messages without replies were posted in the channel. 3 of these
messages were posted during the morning, all saying "Hello/Good morning".
1 message said "It’s lunch now!", which received reactions instead of replies.
The last message was the first reply to the after-work event-planning message
(which quickly got moved and became a threaded reply). In total, just as in the
Slack group, around 97% of all messages were threaded.

The most active participant in the Dnd group was P2, posting 26% of all
messages. The least active participant in the group was P3, posting 14% of all
messages, and was assigned the task of sharing opinions with the others. See
fig. 5.2 for more details.
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Dnd group: posted messages over time Dnd group: distribution of messages among participants
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Figure 5.2: Two figures showing the activity of the Dnd group during the test.
On the left, we see when messages were posted during the day. On the right,
we see the amount of messages posted by different participants together with
which participants were assigned specific tasks.

The Inline group posted 146 messages between 07.30 AM to 16.00 PM.
20 of these messages were posted in the channel, and 126 messages where
posted in threads as replies. The group created 18 threads, meaning that only 2
messages in the channel were non-threaded messages. One of these messages
said "Good morning"”, and the other one was meant to be a threaded reply
(which then got deleted and re-posted in the correct thread). In total, 99% of
all messages were threaded.

The most active participant in the Inline group was P1, posting 38% of
all messages, and had been assigned the task of planning an after-work event.
The least active participant was P2, posting 18% of all messages, and had
been assigned the task of sharing opinions with the others. See fig. 5.3 for
more details.
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Inline group: posted messages over time Inline group: distribution of messages among participants
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Figure 5.3: Two figures showing the activity of the Inline group during the
test. On the left, we see when messages were posted during the day. On the
right, we see the amount of messages posted by different participants together
with which participants were assigned specific tasks.

5.2 Threads

The Slack group created 9 threads with an average amount of replies per thread
(thread depth) being 9.7. The minimum thread depth was 1 and the maximum
thread depth was 33, which occurred in a thread discussing the after-work
event. The Dnd group created 10 threads with an average thread depth of 13.5
replies. The minimum depth was 1 here as well, and the maximum depth
was 29 which occurred in 2 threads: one discussing the after-work event and
another one discussing vacation advice. The Inline group created 18 threads,
although 1 was deleted shortly after it was created, with an average thread
depth of 7.0 replies. The minimum thread depth was 1, and the maximum
thread depth was 38, which similarly occurred in a thread discussing the after-
work event.

Histogram of thread depths
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Figure 5.4: Histograms of thread depths in all three groups.
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In general, shorter threads with 1-4 replies were the most common.
However, for the Dnd group threads with 29 replies were equally common
as threads with 1-4 replies (see fig. 5.4 for more details).

5.2.1 Who created the threads?

Amount of threads created by participants compared to posted messages

Slack group Dnd group Inline group
I Threads created Bl Threads created 1 [ Threads created
[ Messages posted [0 Messages posted [ Messages posted
[H]
E J
c
g
& H b H
P1 P3 P2 P4 P5 P2 P5 P3 P4 P‘l F‘Id Pll PIE Pl2

Participants Participants Participants

Figure 5.5: Figures showing the distribution of created threads compared to
posted messages among participants in each group.

The Slack group had the most even distribution of thread creation among the
participants, with 4 participants all creating 22% of the threads (2 threads
each). The Dnd group had a much more uneven distribution with P2, the
participant who posted the most amount of messages, creating 60% (6 threads)
of all threads in the group, and P1 not creating any threads. The Inline group
also had a more uneven distribution compared to the Slack group, with P4
creating 50% (9 threads ) of all threads in the group and the rest of the
participants creating 11-22% (2-4 threads each). In the Dnd and Inline groups,
the two most active participants in terms of the amount of posted messages also
were the two participants who created the most amount of threads. See fig. 5.5
for more details.

5.3 Moving messages and errors

5.3.1 The dnd group: moving messages

In total, 9 messages were moved by participants, 4 of which were first posted
in the channel, and 5 that were posted in a thread. By manually looking at the
content of the messages, these messages belonged to 3 different conversation
topics.
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Looking at the 4 messages that were originally posted in the channel, the
first messages to be moved were 3 messages saying "Good morning" that were
supposed to be replies to the first participants posting this message, and moving
these messages created a new thread. The fourth message to be moved, posted
by PS5, was supposed to be the thread-creating first reply to a message about
planning an after-work event (the parent message of a future thread). This
move was made by P1, the participant who wrote the parent message of the
thread, after 4 other replies already had been posted in the thread. Therefore
the move didn’t create the thread. Looking at fig. 5.6 we can see who moved
the messages and whose messages got moved.

Moving messages posted in the channel

Participants who moved messages Participants whose messages were moved

Hl Own messages
Others messages

Number of moved messages

Pl P2 P5 P2
Participants Participants

Figure 5.6: Figures showing how participants’ messages, that were initially
posted in the channel, got moved and which participants moved the messages.

When it comes to the 5 messages that were originally posted as replies,
they were the first 5 of 24 messages belonging to the same conversation that
ended up in the wrong thread. These messages discussed the after-work event,
a topic that already had an existing thread, but the messages were posted in
a thread discussing vacation advice. These 2 threads happened to be next to
each other in the channel. 10 messages into the vacation advice thread, 4 of
the participants started to discuss an after-work event activity. The discussion
generated 16 messages about the activity, and then in the following 8 messages
participants discussed this error that had occurred. At this point, P5, who
started the discussion in the wrong thread, and P2 started to move 5 of the first
incorrectly placed messages to the correct thread. As messages couldn’t be
moved between threads directly, they first had to be moved out to the channel.
Only 4 of these messages make it to the correct thread, one message is left
in the channel. Looking at fig. 5.7 we can see who moved the messages and
whose messages got moved. PS5 posted the first topically incorrect message in
the vacation advice thread.
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Moving messages posted in threads

Participants who moved messages Participants whose messages were moved

HEE Own messages
Others messages

Number of moved messages

P3
Participants Participants

Figure 5.7: Figures showing how participants’ messages, that were initially
posted in threads, got moved and which participants moved the messages.

Looking at moved messages in total, 3 participants moved all messages.
5 of these messages were the movers’ own messages and the remaining 4
were others. Messages posted by all participants were moved, but most moved
messages were posted by P5 (see fig. 5.8).

Moving messages in total

Participants who moved messages Participants whose messages were moved

H Own messages
4 Others messages

Number of moved messages

P2
Participants Participants

P3

Figure 5.8: Figures showing how participants’ messages, in total, got moved
and which participants moved the messages.

5.3.2 Deleted messages, updated messages, and other
errors

The Slack group was relatively error-free. Participants only edited messages
with minor corrections and changes, although participants did this using
different features. P4 used the delete feature to remove and re-post a similar
message twice in a thread, resulting in 2 deleted messages. P1 and P2 used the
edit feature on one message each in threads.

The Dnd group had similar statistics regarding deleted and edited
messages. P1 deleted one short message in a thread. P2 edited 2 messages
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in threads with minor changes. The Dnd group also had several occurrences
of misplaced messages, which we covered in the previous section.

The Inline group had the highest amount of deleted and edited messages
compared to the other groups: 3 messages deleted and 4 edited. P1, the Inline
group’s most active participant in terms of the number of posted messages,
deleted 3 messages: 1 due to the message being misplaced and 2 due to P1 re-
posting a new thread from scratch. When it comes to the misplaced message,
P1 deleted it and re-posted it in the correct thread, which didn’t create the
thread due to it already having replies. Regarding the re-posted thread, P1
deleted the first version of the after-work event thread, which also had a reply
posted by P1, in what looked like an effort to make a better-structured first
message.

Among the edited messages, P1 and P2 edited one message each that was
posted in the channel, with minor changes. Finally, 4 messages that were
posted in threads were edited. P1 edited 2 messages (one of them twice), and
P2 and P3 edited one message each, all with minor changes.

The Inline group also had another occurrence of a misplaced message. P4
posted a message in the channel that was supposed to be a reply in an existing
thread. When this happened, P4 posted a reply to the message that P4 just
posted, commenting that P4 made this mistake: "Oops, I happened to create
a new thread”. P1 then replied with "Yeah, sometimes that happens", which
was the end of the thread.

5.4 Post-test questionnaire

| find that organizing messages in the chat was easy | find the creation of threads easy

Sack 0% 20% B e o 0% oo
100 50 0 50 100 100 50 0 50 100
Percentage Percentage
| find the maintenance of threads easy | find recovery from making mistakes in the conversation easy
Siack 0% 60% ] 0% o9 40% L [
Dnd 40% 0% 0%  20% 20% I 60%
100 50 0 50 100 100 50 0 50 100
Percentage Percentage
| find that conversation topics easily become mixed in the chat
Slack 40% 0% 60%
Inline 25% 0% 75%
ond 0% 40% N 60%

100 50 50 100

0
Percentage
Strongly Disagree Disagree Neither ! Agree i Strongly Agree

Figure 5.9: The results from 5 Likert scale statements in the post-test
questionnaire.
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In fig. 5.9 we find the results for the 5 Likert scale questions in the post-
test questionnaire. Starting out with I find the creation of threads easy, all
participants in the groups agreed or strongly agreed to this. The most satisfied
group was the Dnd group where 4 out of 5 participants, 80%, strongly agreed,
tightly followed by the Inline group where 3 out of 4 participants, 75%,
strongly agreed.

Although the Dnd group seemed to be the most satisfied group when
it comes to creating threads, it’s the opposite for organizing messages and
maintaining threads. Looking at I find that organizing messages in the chat
was easy, 40% of the participants in the Dnd group agreed or strongly agreed.
60% of the participants were ambiguous about the statement. The Slack
and Inline groups had similar results here, with 80% of the Slack group and
75% of the Inline group agreeing or strongly agreeing. Over to [ find the
maintenance of threads easy, the Dnd group opinions are more contradicting
with 60% agreeing and 40% disagreeing or strongly disagreeing. The most
equal opinions are found in the Inline group, with 75% agreeing or strongly
agreeing. Here, 60% of the Slack group is ambiguous to the statement.

Looking at [ find recovery from making mistakes in the conversation easy,
the Dnd group once again had the most contradicting opinions, with 60%
agreeing or strongly agreeing, 20% being ambiguous, and 20% disagreeing.
The Inline group had the most equal opinions with 100% agreeing or strongly
agreeing. Here, 40% of the Slack group was ambiguous and 60% agreeing or
strongly agreeing.

When it comes to I find that conversation topics easily become mixed in the
chat, the Slack group had the most contradicting opinions with 60% agreeing
and 40% disagreeing or strongly disagreeing. The Inline group had the highest
percentage of participants agreeing to conversation topics easily becoming
mixed at 75%. The Dnd group also had slightly contradicting opinions, with
60% agreeing or strongly agreeing and 40% being ambiguous.

5.4.1 AQualitative results

When asked which features of the chat the participants liked the most, related
to threading, all groups mentioned different things. Participants in the Slack
group thought it was easy to switch between threads using the clickable row
of metadata beneath the parent message of a thread, and also liked that threads
were available in direct messages. For example, P4 said: "It was easy to jump
between threads using the button below the original message and that you can
have the new thread open at the same time".
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In the Dnd group, participants appreciated the opportunity of having
threaded conversations overall and that they liked being able to move
messages. Regarding having threaded conversations, P4 said: "The simpleness
and that the chat is lifted out from the overview into the new conversation".
P2 said: "The possibility of having threaded conversations lays a foundation
for a more structured chat". When it comes to moving messages, P5 said:
"That you could move a message by dragging it". P1 said: "It’s great that you
can simply move a message that happened to end up at the wrong place”. P3
mentioned the effect of moving messages: "It made it very easy to keep the
channel clean".

The participants in the Inline group all mentioned different things: the
easiness of replying to messages in threads, threads being collapsed in the
channel to limit them from taking up too much space, and longer threads are
opened in a window to the right instead of in the channel. P3 said: "That the
threads are minimized in the channel so that they’re not taking up space by
being open'". P2 said: "That you get longer threads on the right is great...".

When asked which features of the chat the participants liked the least,
related to threading, and what they would like to improve, there were some
themes shared between the groups. Participants in the Slack and Dnd groups
wanted to be able to reply to messages in threads, and also be able to categorize
or add a title to threads. For example, P3 in the Dnd group said this about
replying to messages in threads: "It would be good if you could reply to specific
messages in the threads because the messages can quickly add up to a long row
which makes it difficult knowing which message one replies to". Regarding
categorizing threads, P2 in the Inline group said: "A way of being able to
categorize the conversations, for example, ’fun’ or 'web development’". P1 in
the Dnd group said this about naming threads: "That threads don’t have names
or titles, and that they instead have the author’s name as a foundation. This
makes it difficult to find a specific thread when you want to return to it".

Participants in the Dnd and Inline groups wanted to have a list of active
threads in a channel to get a better overview. For example, P3 in the Inline
group said: "I miss the possibility to see what threads have been created, that
they would be presented in a more clear way, which would have made it easier
to find them". P1 in the Dnd group said: "I would like to be able to ’expand’
and see all threads on the left side so that I get a good overview and quickly
can navigate between them".

Participants also had unique opinions on various aspects they didn’t like or
wanted to improve. In the Slack group, P5 said: "That threads only could be
opened in a separate window and not be expanded in the channel". P4 said:
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"...if you could reference to other threads with a link or similar". P1 said:
"Being able to double click on a message I want to reply to or to thread". In
the Dnd group, 2 participants wanted to be able to messages from thread to
thread, with P5 saying: "That you couldn’t move a message that was posted
in the wrong thread directly to the correct thread without it being placed in
the channel first". P2 wanted open threads to be more cleary marked in the
channel, saying: "A more clear marking of conversations and their threads so
that it becomes easier seeing which one you have open and what conversation
you are looking at in the channel". Lastly, in the Inline group, P2 thought it was
hard to find your own thread when several threads had been created, saying:
"To find your own thread when many other threads exist in the channel".
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Chapter 6

Discussion

This thesis explored how different methods in chat applications influence
threaded conversations. To the best of our knowledge, this is the first published
empirical data that have this specific scope. In this section, the results are
further discussed.

6.1 Percentage of messages being threaded

All 3 groups had very high percentages of threaded messages: 97% for both
the Slack and Dnd groups, and 99% for the Inline group. When looking
at these results, the type of unthreaded messages also has to be taken into
consideration. Among these, the Slack group only had 3 "I’'m done for the
day" messages. Whether these messages should be threaded or not might be
a personal opinion. For instance, the Inline group had similar messages at the
end of the day which they decided to thread. The Dnd group didn’t have similar
goodbye messages, but they had 3 "Good morning"” messages that were posted
in the channel, and 2 of them got moved into a thread. Hence, even though
greeting and goodbye messages might not be much of a discussion, some
users still thread these messages. Given the small percentages of unthreaded
messages and the differences in the conversations between the groups, it’s
difficult to say whether the Inline chat application version was the cause of
the 2% increase in threaded messages.

6.2 Creation and maintenance of threads

Looking at the distribution of participants that created threads, the Dnd and
Inline groups were the most similar groups. The two most active members
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in terms of the number of messages being posted created 70% or more of the
threads. However, the Dnd group was slightly more unbalanced with P1 not
creating any threads despite sending the third most number of messages in the
group. The Slack group goes against this trend, with 4 participants all creating
22% of the threads, despite having a similar distribution for the number of
posted messages.

Is a more equal distribution of thread creation among participants better?
Not necessarily. Since some users are more active, they often have more
opportunities to post the first reply to new messages in the channel, leading
them to create more threads. However, the drag-and-drop version of the
application allows users to create threads by moving another user’s misplaced
messages, intended as thread-starting replies. This occurred twice in the Dnd
group, meaning that 20% of the threads in the group were created by users
recovering other users’ mistakes. Neither the Slack group nor the Inline group
had any obvious occurrences of misplaced messages that were intended to be
the initial replies creating a thread.

When evaluating the ease of creating threads, all groups reported positive
experiences. The Dnd group reported the highest level of ease, with 80%
of participants strongly agreeing, followed by the Inline group at 75%, and
the Slack group at 40%. Since both the Slack and Dnd groups used the
same method for thread creation—hovering over the message and clicking
the reply arrow-icon—it remains unclear whether one application version
facilitated easier threading than the others. Previous research has suggested
that threaded conversations in chat applications demand greater effort from
users, such as requiring additional clicks [12] and leading to a more laborious
chatting experience [12, 43]. Contrary to these findings, our results suggest
a shift in user experience. Although participants had some difficulties with
using our chat application versions, the high percentage of threaded messages
together with the reported ease of creating threads don’t suggest that an extra
click for creating a thread was laborious. Perhaps this is due to today’s chat
applications being more refined and that users are more familiar with threaded
conversations overall.

6.3 Responding to mistakes

The participants responded to mistakes in various ways. In the Inline group,
there were two instances of misplaced messages that were intended as replies
within existing threads but instead appeared in the main channel. In the first
instance, a participant quickly realized the error and deleted the message
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before anyone could respond, then correctly reposted it in the designated
thread. In the second instance, the participant acknowledged the mistake by
adding a reply, "Oops, I happened to create a new thread", and subsequently
redirected the conversation to the appropriate thread.

In the Dnd group, organizing misplaced messages was often a collaborative
effort, with 56% of the messages being relocated by users other than the
messages’ authors. In this sense, the drag-and-drop feature influences threaded
conversations to become more collaborative. This was an appreciated feature
as 3 out of 5 participants mentioned the feature when being asked what features
they liked the most, related to threading. Connecting this result to previous
research, the studies by Tran et al. [14] and Shen [15] had preliminary
evaluations and reported that the drag-and-drop feature was used. Our results
extend this research by providing further detail about when and how the drag-
and-drop feature is used.

Despite the Dnd group’s appreciation for moving messages, they had
the most ambiguous opinions among the groups as to whether they found
organizing messages to be easy, and the most split opinions as to whether they
found recovery from making mistakes to be easy. These opinions might be
influenced by the 24 messages that ended up in the wrong thread, which they
started moving over to the correct thread, but likely gave up due to messages
not being able to be moved in bulk or directly from thread to thread. In fact,
two participants mentioned that they wanted to be able to move messages from
thread to thread, indicating that this was a challenging experience. Connecting
this to previous research, Henry et al.’s study on how companies use Slack
reported that users felt the consequences immediately when they stopped using
threads [11]. Our results paint a similar picture, where failing to use threaded
conversations correctly can lead to frustration.

Comparing how well the Dnd and Inline groups recovered from misplaced
messages intended as replies, the Dnd group excelled, successfully relocating
all misplaced messages (four in total). In contrast, the Inline group managed
to relocate only 50% of their misplaced messages (one out of two).

Both the Dnd and Inline groups demonstrated a willingness to correct
misplaced messages, whether they were their own or posted by others.
By equipping chat application users with tools to relocate messages, this
willingness can be harnessed to enhance threading in chats. We argue that
this is an untapped potential in many of today’s apps, which currently lack
this functionality.
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6.4 Difference in experience among the groups

A factor that most likely affected the results was the difference in the
experience among the groups. The Slack group had the most experience,
previously having used 6 applications in total, and used threaded conversations
daily with all participants stating that they sometimes create threads. The
Inline group was the second most experienced group, previously having used
4 applications, and used threaded conversation daily or weekly with half of
the participants stating that they sometimes create threads. The Dnd group
was the least experienced group, previously having used 4 applications, and
didn’t use threaded conversation within the group (with 2 participants stating
that they weren’t familiar with threaded conversations at all).

This difference in experience seems to correlate with the amount of
misplaced messages the groups posted. The Slack group had no obvious
occurrences of misplaced messages, the Inline group misplaced 2 messages,
and the Dnd group misplaced 28 messages (24 of which discussed the after-
work event in the wrong thread).

Looking at the groups’ experiences of using the application, we also find
that the Slack group had the highest percentage of participants disagreeing
with the statement "I find that conversation topics easily become mixed in the
chat", followed by the Inline group and lastly the Dnd group. This suggests
that experienced users, who are likely more proficient with the tools, may find
conversation topics better separated in threaded conversations. However, at
least 60% of the participants in all groups agreed that conversation topics often
become mixed, indicating that threaded conversations in this form may not
completely resolve this challenge.

The difference in experiences also appeared in the qualitative feedback
from the participants, as some requested features that exist in the chat
applications they were accustomed to. In the Slack group, 1 participant wanted
to be able to read threads in the channel instead of being forced to read them
in a secondary view, something that’s available in Microsoft Teams that the
Slack group was accustomed to. In the other groups, 3 participants wanted to
have a list of all the threads in a channel, a feature that exists in Discord that
both the groups were accustomed to.

As previous research has suggested that only a limited amount of users use
threads [5, 12], our results suggest the contrary: all users used threads and
nearly all users created threads. Perhaps this is due to threaded conversation
features being more widely available across various chat applications and for
a longer period. However, it is important to note differences in the contexts
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between these prior studies and our study. Consequently, our results may not
be directly applicable to the contexts explored in these earlier studies.

6.5 Guidelines for threaded conversations in
chat applications

In this study, all participants experienced thread creation as easy, which is
also supported by the high percentages of threaded messages. This suggests
that both the Slack method of creating threads, with its slightly hidden button,
and Microsoft’s inline approach, with its constantly visible reply button, are
good methods that facilitate easy thread creation. However, once threads have
been created our results suggest that users face new challenges. Therefore, we
provide these guidelines for researchers and developers of chat applications
that support threaded conversations:

* GL 1: Make it possible to add a title to threads, beyond merely using the
initial message as the title. This can help users quickly grasp the essence
of the thread, and update the title to reflect evolving discussions.

* GL 2: Help users get a better overview of the threads in a channel,
especially active ones. For example, let users access a navigable
list displaying thread titles or snippets from the opening messages,
organized by activity level.

* GL 3: Make it clear which thread is open. For example, give a thread
that’s open in a secondary window a clear header with the title of the
thread, and mark the open thread in the channel. This can prevent users
from posting messages in the wrong thread.

* GL 4: Make it possible to reply to messages within threads. Perhaps
by allowing users to reference specific messages. This approach helps
maintain conversation clarity without adding further complexity with
nested sub-threads.

* GL 5: Help users recover from misplacing messages. This can be
done by enabling users to move messages more flexibly—between
different threads and from channels to threads or vice versa. Providing
the capability to move others’ messages as well can increase the
organizational potential of this method due to collaboration.
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* GL 6: Allow users to change how threads are visualized. Recognize and
adapt to individual user preferences and experiences, thereby improving
the users’ satisfaction.

6.6 Limitations

Several factors should be considered when interpreting the results. Firstly,
this was a short-term study, collecting chat log data over a single day
from groups of 4-5 participants, each employed by IT and communications
companies. Consequently, the findings may not accurately represent the long-
term performance of different versions of the chat applications, particularly
for larger groups or different types of companies. Secondly, the groups were
assigned specific conversation topics to ensure engagement. Although chat
activity can vary from day to day, it’s likely that this influenced participants to
chat more than usual. Hence, the results shouldn’t be regarded as an average
day. Thirdly, the groups had different prior experiences with chat applications
and threaded conversations, and they were also accustomed to different chat
applications. While differing experience levels didn’t appear to correlate with
the percentage of threaded messages or the perceived easiness of creating
threads, the differing experience levels tended to correlate with the number
of misplaced messages. Posting fewer or no misplaced messages, due to being
more familiar with threaded conversations, may affect users’ experience with
the application since they have fewer or no errors to recover from. Therefore,
the differences in the experience levels may affect the results. Lastly, Wang
et al.’s study on how organizations use Slack showed that different types of
channels can have varying numbers of posted messages and threads [32].
Therefore, our results that explore threading dynamics in a channel with social
conversations might not be able to generalize to other types of conversations.



Conclusions and Future work | 39

Chapter 7

Conclusions and Future work

7.1 Conclusions

In this thesis, we conducted a short-time study where we explored how
different features in a chat application can influence threading in conversations.
These features were Slack, Drag-and-Drop, and Inline (see chapter 3 for
further details about the features). All three methods yielded high percentages
of threaded messages, with at least 96% of all posted messages being threaded.

We did not find any definitive evidence to suggest that any particular
version resulted in a higher percentage of threaded messages. Similarly, we
did not find any definitive evidence that any method facilitated easier thread
creation or influenced the frequency of message misplacement. However,
we found that the Drag-and-drop method demonstrated better performance in
relocating misplaced messages posted in the channel, and the relocation of
messages often was a collaborative effort. Further, we found that participants
demonstrated a willingness to correct misplaced messages, whether they
were their own or posted by others. We argue that this is an untapped
potential in many of today’s chat applications, which currently lack this
functionality. Lastly, we provide guidelines for researchers and developers
of chat applications that support threaded conversations (see section 6.5).

7.2 Future work

As this was a short-term study where chat log data was collected over a day,
with groups of 4-5 participants each, future research could conduct long-term
studies and look at whether different-sized groups affect threading dynamics.

Further, as the number of misplaced messages correlated with the level of
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experience among the groups, future research could look into whether specific
features have better performance within certain user groups, especially for new
adopters of threaded conversation.

In this thesis, the drag-and-drop chat application version allowed any
member of a channel to relocate misplaced messages, and over half of the
relocated messages were moved by someone other than the messages’ author.
With the recent advances in machine learning and Al, future research could
explore how chatbots can be used to perform this organizational task.
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Consent form

Study Title: Threaded Conversations

Introduction

You are invited to participate in a study evaluating the effect of different
features in a chat application when it comes to threaded conversations. The
study is a collaboration between KTH and the company TellusTalk AB. The
purpose of this study is to assess the behaviors of users as well as their
experiences while chatting in a chat application.

Study Procedure

The study will, for a selection of the participants, involve starting conversations
around certain topics and, for all participants, maintaining the conversations
over a day. You will, except for chatting, be required to fill in a pre-test
questionnaire, install a chat application, log in to your assigned account, and
do a post-test questionnaire. The conversations are supposed to be a secondary
and parallel activity, and not replace your daily work activities. Your behavior
in the chat will be collected. This includes sent, updated, deleted, and moved
messages, and the length of the messages.

Confidentiality

Your identity will be kept confidential, and all data collected will be
anonymized during analysis and reporting. The collected data will only be
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accessible to the company and research team and will be deleted on the 1 of
July 2024.

Voluntary participation and withdrawal

Participation is entirely voluntary. You have the right to withdraw at any time
without explanation. If you withdraw, the data collected up to that point will
be deleted and not used in the study.

Contact Information

For any inquiries about the study or your rights as a participant, you may
contact Marcus Géhlin, mgah @kth.se,

Consent

I'have read and understood the above information regarding the study and agree
to participate. I understand that my participation involves answering one pre-
test questionnaire, chatting with colleagues over a day, answering a post-test
questionnaire and that data will be collected for research purposes. I am aware
of my right to withdraw from the study at any time. I agree to have my data
collected and used for the purposes presented in this consent form.

Participant’s Name:
Participant’s Signature:

Date:
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Pre-test questionnaire

This questionnaire is about your previous experience with chat applications
in your professional career, especially your experience with threaded
conversations. It will take 3-5 minutes to finish.

1. How old are you?

2. What’s your gender?

Female

Male

Non-binary

Prefer not to say

3. What’s your current role at your employer?

4. Which chat applications have you had previous experience with during
your professional career?

Slack
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Microsoft Teams

Discord

Google Chat

MatterMost

Skype

None

Other:

5. Within your group that is participating in this experiment, what chat
applications are you using (if any)?

Slack

Microsoft Teams

Discord

Google Chat

MatterMost

Skype

None

Other:

6. Within your group that is participating in this experiment, what is the
nature of the conversations you have in the chat application/applications?

Socializing

Announcements
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Project coordination

Team coordination

Employee support

Event planning

Other:

7. In your role at work, estimate how often you are using the chat
applications (for sending and/or reading messages):

Choose one

Throughout the day

A few times per day

Once or twice per day

A few times per week

Once per week

Every other week

More seldom

Threaded conversations

In the chat applications Slack, Google Chat, Microsoft Teams, Mattermost,
and Discord you can have threaded conversations within channels. Below are
some example images.
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Channel

Thread

Simon Johnsson 1:22 Pm
Everyone at the office on Friday will be offe

lunch! Any allergies that we need to know of?

n n 2 replies Last reply today at 1:53 PM

| > |

Simon Johnsson 1:22 Py
Everyone at the office on Friday

2 replies

will be offered
lunch! Any allergies that we need
to know of?

Patricia Moore 1:30pPm
What a treat! I'm allergic to
peanuts

Nice ending to the week!

m Marcus Turner 1:53Pm

Reply -4

Figure B.1: Threaded conversation in Slack.

Channel (collapsed thread)

Simon Johnsson 1:22Pv

Everyone at the office on Friday will be offered
lunch! Any allergies that we need to know of?

1 more reply
Marcus Turner 1:53pPm
Nice ending to the week!

Lucy Garret 1:30 PM
Yummy! I'm vegan

& Reply

Channel (expanded thread)

Simon Johnsson 1:22pPm

Everyone at the office on Friday will be offered
lunch! Any allergies that we need to know of?

v Collapse all

Patricia Moore 1:30 M
What a treat! I'm allergic to peanuts

Marcus Turner 1:53pPm
Nice ending to the week!
n Lucy Garret  1:20PM

Yummy! I'm vegan

<! Reply

Figure B.2: Threaded conversation in Microsoft Teams.
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Marcus Test Server general

M Mac
Test Message

Thread Made Via a Message
There are no messages in this thread yet.

1% Macstarted a thread: Thread Made Via the Chat Box. See all threads

Thread Made Via the Chat Box
M Mac Test

Figure B.3: Threaded conversation in Discord.

8. Are you familiar with this concept of threaded conversations?

Choose one
Yes (Continue to question 9)
No (You have finished the questionnaire)

You are familiar with threaded conversations

With "my group", we mean the group that you are a part of in this study.

9. What statement is most suitable?

Choose one

We’re using or have used threaded conversations in my group.
(Continue to question 10)

I’m using or have used threaded conversations, but NOT in

my group.
(Continue to question 16)
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I’ve never used threaded conversations.

(Continue to question 16)

You’re using or have used threaded conversations in your
group

10. Are you using or have used threaded conversation for any particular
reasons?

11. Have you established any guidelines for using threaded conversations?

Choose one

Yes

No, not that I know of

12. Estimate how often you or anyone else in the group use threaded
conversations.

Choose one

Every day

During a few days per week

Once or twice per week

A few times per month

More seldom

We don’t use threaded conversations anymore
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13. If you don’t use threaded conversations anymore, are there any
particular reasons for this?

Creating threads varies across different chat applications. Here are a few

examples:
.

9t aern

Marcus Gahlin 404 .
Hi! Me and Jessica will be having lunch outside by the
entrance .. Anyone else wants to join? (1)

Figure B.4: In Slack, a thread can be created by hovering the mouse cursor
over a message and clicking "Reply in thread".

Marcus Gahln 25/01 14:00
User Stories Deck
Deck

MG

Figure B.5: In Microsoft Teams, a thread can be created by replying to a
message in the channel by clicking "Reply" instead of "New conversation".
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Create thread

Nu finns en ny version av App for Digitala Kontoret for MAC §§
&2

Figure B.6: In Discord, a thread can be created by hovering the mouse cursor
over a message and clicking "Create thread".

14. Typically, who in the group takes the initiative to create a thread (or
took the initiative if you no longer use threads)?

Choose one

Everybody

Most people

A few people

One or two people

I’m not sure

15. Do you sometimes create threads (or used to create threads if you no
longer use them)?

Choose one

Yes

No

You have finished the questionnaire
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You’re using or have used threaded conversations, but
NOT in your group

16. Why do you think that threaded conversations are used in other
groups but not the group you’re a part of in this experiment?

Creating threads varies across different chat applications. Here are a few

examples:

@ @~ [
Marcus Gahlin 204 F.
Hi! Me and Jessica will be having lunch outside by the
entrance ... Anyone else wants to join? (2

Figure B.7: In Slack, a thread can be created by hovering the mouse cursor
over a message and clicking "Reply in thread".
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Marcus Gahln 25/01 14:00
User Stories Deck
Deck

MG

¥/ MNew conversation

Figure B.8: In Microsoft Teams, a thread can be created by replying to a
message in the channel by clicking "Reply" instead of "New conversation".

Create thread

Nu finns en ny version av App fér Digitala Kontoret for MAC §§
&2

Figure B.9: In Discord, a thread can be created by hovering the mouse cursor
over a message and clicking "Create thread".

17. In the other groups that use threaded conversations, who is normally
taking the initiative to create a thread?

Choose one

Everybody

Most people
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A few people

One or two people

I’m not sure

18. Do you sometimes create threads?

Choose one

Yes

No

You have finished the questionnaire
You’ve never used threaded conversations

19. Why do you think that you’ve never used threaded conversations?

You have finished the questionnaire
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Appendix C

Post-test questionnaire

This short questionnaire has 2 parts and is about your experience with the chat
application, especially when it comes to threaded conversations. It will only
take a couple of minutes to finish.

Statements

1. I find that organizing messages in the chat was easy

Strongly disagree ’ 1 ‘ 2 ‘ 3 ‘ 4 ‘ S ‘ Strongly agree

2. I find the creation of threads easy

Strongly disagree ’ 1 \ 2 \ 3 \ 4 \ 5 ‘ Strongly agree

3. I find the maintenance of threads easy

Strongly disagree ’ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ Strongly agree

Strongly disagree ’ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ Strongly agree

5. I find that conversation topics easily become mixed in the chat

Strongly disagree ’ 1 \ 2 \ 3 \ 4 \ 5 ‘ Strongly agree
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Questions

6. Which features in the chat application, related to threading, do you like
the least? Why?

7. Which features in the chat application, related to threading, do you like
the most? Why?

8. Is there anything you’d like to improve related to threading?
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