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Abstract

With the world becoming more and more digital, managing multiple tasks and their artifacts at
once has become a central part of knowledge work and requires cognitive energy that could be
invested in the task it-self. Most Web browsers and many web extension try to provide features
that can help to manage browser artifacts by allowing to save, group or mark them. However,
most of these features do not manage to fully support task-based work and were no designed to
help with clutter on screen.

We propose an approach that allows users to temporarily mark and group artifacts with colors,
gives them a quick way to interact with the groups of artifacts and tries to help them re-find
artifacts they have previously visited and might be of interest. To evaluate the usefulness of
this bundle of features, we conducted a study with six participants over two weeks followed by
an interview. We found that Taboor was liked by our participants and encourages task-based
work and thinking, however participants with already established and clear strategies struggled
to integrate Taboor in their existing workflows and found Taboor to be less useful. From our
participants’ feedback and usage logs collected by Taboor we formulated five design implications
to further help improve future artifact management tools.





Zusammenfassung

Da die Welt immer digitaler wird, ist das gleichzeitige Bearbeiten von mehreren Aufgaben und
ihrer Artefakte zu einem zentralen Bestandteil von Knowledge Work geworden und erfordert
kognitive Energie, die in die eigentliche Aufgabe investiert werden könnte. Die meisten Web-
Browser und viele Web-Erweiterungen bieten Funktionen, die bei der Verwaltung von Browser-
Artefakten helfen können, indem sie es ermöglichen, diese zu speichern, zu gruppieren oder zu
markieren. Die meisten dieser Funktionen sind jedoch nicht in der Lage, die aufgabenbasierte
Arbeit vollständig zu unterstützen und wurden nicht dafür entwickelt, die Unordnung auf dem
Bildschirm zu beseitigen.

In dieser Arbeit verfolgen einen neuen Ansatz, der es den Nutzern erlaubt, Artefakte vorüberge-
hend farblich zu markieren und zu gruppieren, der ihnen eine schnelle Möglichkeit bietet, mit den
Artefaktgruppen zu interagieren, und der ihnen hilft, Artefakte, die sie bereits besucht haben und
die von Interesse sein könnten, wiederzufinden. Um die Nützlichkeit dieses Bündels von Funk-
tionen zu bewerten, haben wir eine Studie mit sechs Teilnehmern über zwei Wochen durchge-
führt, gefolgt von einem Interview. Wir fanden heraus, dass Taboor bei unseren Teilnehmern gut
ankam und aufgabenbasiertes Arbeiten und Denken fördert. Teilnehmer mit bereits etablierten
und klaren Strategien hatten jedoch Schwierigkeiten, Taboor in ihre bestehenden Arbeitsabläufe
zu integrieren und empfanden Taboor als weniger nützlich. Aus dem Feedback unserer Teil-
nehmer und den von Taboor gesammelten Nutzungsprotokollen haben wir fünf Design-Implikationen
formuliert, um zukünftige Artefaktmanagement-Tools weiter zu verbessern.





Contents

1 Introduction 1

2 Related Work 3
2.1 Multitasking in Computer-Based Knowledge Work . . . . . . . . . . . . . . . . . . 3
2.2 Digital Well-Being Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2.1 Research Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2.2 Commercial Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.3 Artifact Grouping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.3.1 Manual Grouping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3.2 Automated Grouping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Approach 9
3.1 Existing Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.1.1 Saving Pages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.1.2 Re-�nding pages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.1.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.2 Fuzzy Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.3 User Driven Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.4 Core Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.4.1 Marking Pages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.4.2 Quick Access Bar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.4.3 Related Highlights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.5 Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4 Study Method 19
4.1 Study Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.1.1 Stage 0: Pilot Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.1.2 Stage 1: Baseline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.1.3 Stage 2: Working with the Extension . . . . . . . . . . . . . . . . . . . . . . . 19
4.1.4 Stage 3: Semi-structured Interview . . . . . . . . . . . . . . . . . . . . . . . . 20

4.2 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.3 Data Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.4 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.4.1 Quantitative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.4.2 Qualitative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22



viii Contents

5 Results 23
5.1 RQ1: How do knowledge workers manage browser artifacts? . . . . . . . . . . . . 23

5.1.1 (a) How do knowledge workers organize their browser tabs and web pages? 23
5.1.2 (b) How do knowledge workers re-�nd information they had closed before? 25

5.2 RQ2: Can this browser extension reduce the attention residue from the amount of
information available in the browser? . . . . . . . . . . . . . . . . . . . . . . . . . . 26
5.2.1 (a) Can Taboor actively support knowledge workers to reduce the number

of open tabs? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
5.2.2 (b) Does Taboor have a signi�cant impact on the average visit duration of

web pages? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5.2.3 (c) Does Taboor have a signi�cant impact on the number of switches be-

tween pages? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5.3 RQ3: How do knowledge workers integrate the extension in their work�ow? . . . 28

5.3.1 (a) How do knowledge workers utilise medium-term marked pages? . . . . 28
5.3.2 (b) How do knowledge workers utilise the quick access for groups? . . . . . 30
5.3.3 (c) How do knowledge workers utilise related highlight pages? . . . . . . . 30

6 Discussion 31
6.1 Design Implication 1: Supporting the Spectrum of Existing Strategies . . . . . . . . 31

6.1.1 Tool Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
6.2 Design Implication 2: Focusing on Task-based vs Theme-based Grouping . . . . . 33

6.2.1 Tool Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
6.3 Design Implication 3: Improving Accessibility through Integration . . . . . . . . . 34

6.3.1 Tool Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
6.4 Design Implication 4: Promoting Tab Closing Behaviour . . . . . . . . . . . . . . . 35

6.4.1 Tool Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.5 Design Implication 5: Letting the User Decide . . . . . . . . . . . . . . . . . . . . . 35

6.5.1 Tool Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7 Threats to Validity 37

8 Conclusions & Further Work 39

Appendix 45
A.1 Design Personas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

A.1.1 Persona 1: Hans Muller, Software Engineer . . . . . . . . . . . . . . . . . . . 45
A.1.2 Persona 2: Maria Gruber, Product Manager . . . . . . . . . . . . . . . . . . . 45
A.1.3 Persona 3: Felix Jung, Student . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

A.2 Source Code & Repositories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
A.3 Study Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
A.4 Extension Tutorial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
A.5 Extension Example Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
A.6 Interview Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53



Contents ix

List of Figures
3.1 Screenshot of Google Chrome with Taboor open The screenshot shows Google

Chrome with Taboor open in the sidebar. Source: Own depiction. . . . . . . . . . . . 12
3.2 Dropdown to mark a page This �gure shows how a web page can be marked in

Taboor and the �ve colors available. Source: Own depiction . . . . . . . . . . . . . . 13
3.3 Dropdown to add a page or group to a named group This �gure shows the drop-

down to set a name for a named group and shows the option to remove the marking
of the pages at the same time.Source: Own depiction. . . . . . . . . . . . . . . . . . 13

3.4 All possible indicators for markings of pages This �gure shows the marking indi-
cator in different states, from top to bottom: multiple colors and in named group,
multiple colors, unmarked, single color, in named group. Source: Own depiction. . 14

3.5 The quick action bar and it's dropdown menu This �gure shows quick action bar
with three marked and one named group. It also shows how a user can interact
with the groups through the quick access bar. Source: Own depiction. . . . . . . . . 14

3.6 Screenshots of the three main views of Taboor. From left to right: main view
(a) with the list of open pages and the recent history, group view (b) showing all
marked pages grouped by color and all named groups, highlights (c) view with the
highlights. Source: Own depiction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5.1 Average number of tabs throughout an average work day These two charts show
the open tabs on an average day of week 1 without the extension (left) and week 2
with the extension (right) Source: Own depiction, from the collected study data. . . . . 24

5.2 Number of pages vs number of views to a page This chart shows the power-law
distribution of the number of pages for the view counts of a week. Source: Own
depiction, from the collected study data. . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.3 Average time between visits by number of visits Comparison of the average time
between visits between week 1 without the extension (left) and week 2 with the
extension (right) Source: Own depiction, from the collected study data. . . . . . . . . . 26

5.4 Time spent on a page per visit vs number of visits to a page Comparison of time
spent on a page per visit between week 1 without the extension (left) and week 2
with the extension (right) Source: Own depiction, from the collected study data. . . . . 27

5.5 Switches between web pages throughout an average work day These two charts
show the switches between pages (and tabs) on an average day of week 1 without
the extension (left) and week 2 with the extension (right) Source: Own depiction, from
the collected study data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

5.6 Number of marked pages vs number of visits to those pages This chart shows
how often marked pages have been visited after they have been marked. Source:
Own depiction, from the collected study data. . . . . . . . . . . . . . . . . . . . . . . . 29



x Contents

List of Tables
3.1 Evaluation of existing artifact management features Sources: (Microsoft 2020a, 2020b;

Vivaldi 2017; Opera 2020; Google 2020; Sessionbuddy 2017; Opera 2020). . . . . . . . . 10
3.2 Evaluation of existing artifact re-�nding features Source: Own depiction. . . . . . 10

6.1 Overview of browser artifact management strategies This table shows the spec-
trum of different strategies and where we place them on the spectrum. All partici-
pants used a mix of these strategies.Source: Own depiction. . . . . . . . . . . . . . . 32



Contents xi

List of Acronyms
URL Uni�ed Resource Locator

RQ Research Question(s)

UI User Interface

IDE Integrated Development Environment



xii Contents



Chapter 1

Introduction

Knowledge workers encounter a multitude of different tasks throughout the day and regularly
work on multiple tasks in parallel on their computer (Zhang et al. 2015). This, combined with reg-
ular interruptions prompting workers to often switch between tasks (González and Mark 2004),
can lead to a lot of clutter on the screen and the user losing track of their open web resources. As
a consequence a lot of mental and cognitive effort is needed just to keep track of the different web
resources and their associated tasks open on screen (Pilzer et al. 2020). Especially while multi-
tasking, resuming a task after an interruption can be very costly, since a lot of effort is required to
rediscover all the relevant web resources.

Most browsers come with features trying to ease the cognitive load for knowledge workers,
like bookmarks or the browser history. However, most of these features do not manage to fully
support task-based work and were not designed to help with the clutter on screen. There is re-
search trying to design tools to solve these problems. However, most approaches are not applica-
ble to web browsers speci�cally. Therefore, we propose Taboor, a novel, interactive approach that
focuses on supporting knowledge workers in managing medium-term tasks in their web-browser.
The design builds upon the two concepts of fuzziness of artifact groups and medium-term arti-
fact management with recency, frequency & duration as the main indicators for task association
of browser artifacts. These concepts can be found in the three core features of Taboor, marking
pages with colors to group them, a quick access bar to interact with the created groups and related
highlights to (re-)�nd related web pages and quickly create groups.

To verify our approach we have formulated 3 Research Question(s) ( RQ). RQ1 is meant to ex-
plore the different strategies employed by knowledge workers to manage their browser artifacts.
This is important for future development of similar tools and to see where our approach might
be incompatible with existing strategies. With RQ2 we seek to �nd out if Taboor has an effect on
the attention residue (i.e. clutter) in the browser based on the data gathered by Taboor, such as
the number of open tabs or the number of page switches made through our a day. Finally, with
RQ3 we want to determine the ease of integration of Taboor and how the approach was perceived
based on user feedback.

RQ1: How do knowledge workers manage browser artifacts?

a How do knowledge workers organize their browser tabs and web pages?

b How do knowledge workers re-�nd information they had closed before?

RQ2: Can Taboor help to reduce the attention residue from the amount of information avail-
able in the browser?

a Can Taboor actively support knowledge workers to reduce the number of open tabs?
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b Does Taboor have a signi�cant impact on the visit duration of web pages?

c Does Taboor have a signi�cant impact on the number of switches between pages?

RQ3: How do knowledge workers integrate the extension in their work�ow?

a How do knowledge workers utilise medium-term marked pages?

b How do knowledge workers utilise the quick access for groups?

c How do knowledge workers utilise related highlight pages?

Taboor was implemented as a prototype browser extension compatible with all Chromium-
based browsers as well as Firefox. The design and implementation are described in more detail in
Chapter 3. To evaluate the prototype, we conducted a two-week user study with six knowledge
workers, where they were able to use the prototype throughout their work days. During the
study, Taboor gathered data on the browsing behaviour we used to evaluate the effects of the
design. After the study, we conducted a follow-up interview and used the answers in combination
with the gathered data to answer our research questions. The study design is discussed in Chapter
4, followed by the results for the research questions in Chapter 5.

From the results of the study we derive �ve design implications we believe to be important
when designing tools or features to support task-based work. With the design implications we
also make speci�c suggestion on how to improve Taboor in the future. These design implications
are introduced and discussed in Chapter 6.

Furthermore, we discuss threats to the validity of our results in Chapter 7, followed by the
�nal conclusions and possible future work in Chapter 8.
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Related Work

Computer-based knowledge work is characterized by a high degree of multitasking (Zhang et
al. 2015). In the digital age people are more connected than ever and this can lead to interruptions
and task switches throughout the day which in turn lead to more multitasking (González and
Mark 2004). These factors are one of the reasons why knowledge work on the computer has a
higher cognitive cost than traditional analog knowledge work (Pilzer et al. 2020). In the follow-
ing sections, we take a look at why computer-based multitasking takes so much effort (Section
2.1) and how this challenge has been approached by researchers, open-source projects and com-
mercial tools (Section 2.2). Finally, in Section 2.3 we discuss how the grouping of artifacts can be
implemented by studying some of the approaches from Section 2.2.

2.1 Multitasking in Computer-Based Knowledge Work
Computer-Based Knowledge Work has been researched extensively. It enables a degree of mul-
titasking and task switches not possible with paper-based knowledge work (Zhang et al. 2015).
Naturally, operating systems as well as programs running on these operating systems have evolved
to support more and more multitasking over the years. A lot of information can be displayed on
a screen at once and this can become very taxing for the user to maintain. The clutter on-screen
increases the cognitive load on the user (Pilzer et al. 2020). Thus, it often becomes a trade-off
between putting effort into managing all the artifacts on screen or to just deal with the clutter by
spending time and energy searching for a speci�c artifact. Digital well-being research tries to �nd
solutions to these time and energy consuming tasks.

There have been multiple studies focusing on how users interact with digital artifacts in their
normal computer usage. Zhang et al. (2015) looked at datasets from 3000 subjects containing 15
Million logged interactions. They found that task-switching often occurs in a “star structure” as
they call it. The datasets also showed Power-law distributions, which indicate that people tend to
come back to certain hubs, like the internet browser or text editing, while working on their tasks.

Huang and White (2010) have done a similar study where they analyzed internet browsing
logs collected via a browser extension. Their observations match with the �ndings of Zhang et
al. (2015).
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They “found that the frequency of out-clicks and tab switches follow the power law, while the
number of page views per tab follow a log-normal distribution” (Huang and White 2010). This
means that a few tabs are used often and act as a hub, while other tabs only exist for a single or
very few visits and get closed at the end. While many tabs are never revisited, they often get used
to look at multiple websites, indicated by the log-normal distribution of the page views per tab.
From their results, Huang and White (2010) deduced implications for the design of browsers and
websites. For example, they suggest that websites should stop branching users to new tabs and
that the functionality to open a new tab by clicking a link, might not be in a users interest.

2.2 Digital Well-Being Tools

2.2.1 Research Tools
Since multitasking needs a lot of cognitive energy and is such a central part of working in today's
agile work spaces, there has been a lot of research around digital well-being. Here we look specif-
ically at tools and solutions that try to help users cope with the cognitive load of multitasking.
Generally these tools try to help users with what seem like the two main sources of the cogni-
tive load during multitasking. Firstly, supporting a user to navigate the big amount of resources
available to solve a task (Sahm and Maalej 2010; Pilzer et al. 2020) or secondly enabling a user to
get back into a task after a task-switch or an interruption (Leiva 2011).

Sahm and Maalej (2010) have created a "context aware artifact recommendation and switching
tool". This tool tries to �nd the next useful artifact based on the context of the current task, the
history of how a user interacted with different artifacts before and a community pro�le describing
what other users have done before in similar contexts. The results of their simulations and short
usage sessions show the potential of such a tool. Users had a lower cognitive load when searching
for resources on screen and they were faster in �nding needed information.

Pilzer et al. (2020) had similar results with their approach to supporting software developers.
By tracking users eyes, they were able to create a relevance model for the open windows on a
computer. Based on this model, less relevant windows were dimmed which made the relevant
windows easier to �nd. According to their study, this reduced clutter on the desktop and the
participants needed less switching between windows to �nd relevant artifacts and reported to be
more focused.

MouseHints (Leiva 2011) tries to ease the cognitive load when resuming tasks. This approach
is based on a tool that records mouse movement and interaction with elements on web pages.
When a user returns to a previously visited web page, this information is shown to them. The
user visually sees where the mouse moved and what was clicked. Leiva (2011) found that such
visualization allows users to resume their tasks three times faster and helps them complete tasks
in half the time.

2.2.2 Commercial Tools
There are also many commercially available tools trying to solve similar problems.

Tabby is a browser extension that tries to help avoid clutter by automatically closing unused
tabs (Tabby 2020). Closed tabs are saved and can be reopened at any time so that no information is
ever really lost. To determine if a tab is stale and can be closed, time spent on a tab, time since the
last visit of a tab and the frequency of visits are considered. Users can also choose the maximum
number of tabs that should be allowed to be open at the same time. According to their FAQ their
goal is to seamlessly �t into a users work�ow without them having to adapt their behaviour and
to "help users focus on the most valuable tasks longer, and be more productive" (Tabby 2020).
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There are also tools like Inmotion (Motion 2020) or Workona (Workona 2020) that have similar
goals as Tabby but come in a package with even more functionality. Inmotion in particular helps
to schedule meetings, organize documents and manage browser windows and tabs. As a digital
wellbeing application it claims to increase productivity and help save up to two hours of work
per day. But for this work the tab management functionality of both tools is especially interesting.
Inmotion as well as Workona allow to create �xed work spaces for tabs and to open and close
work spaces or single tabs. In Workona these workspaces can even be shared across teams. These
functionalities are intended to help users and teams to manage their browser artifacts and thus
save them time and energy when working. The workspaces have to be maintained manually, even
though Workona provides basic templates that can be modi�ed to �t a user's or team's needs.

A slightly different idea was at the start of Sessionbuddy (2017). This browser extension was
initially meant to recover browser sessions in case of a computer crash. With version four it
has grown to become a tab and bookmarks management tool. It allows to create collections of
web pages and tabs, to merge groups and open them while still providing the session recovery
it started off with. An interesting functionality for grouping is the ability to add tags to groups,
which enables the user to tag similar groups with the same tags and to �nd them quickly via
the search function. SessionBuddy uses a mix of manual grouping and automated grouping. It
regularly captures the session, for example when a window or the browser is closed, and saves
all the open tabs as a group. The user can then modify, tag or delete the groups.

Without installing any extension, all commonly used browsers (e.g. Google Chrome, Microsoft
Edge and Firefox) provide functionality to save and manage pages as bookmarks. However there
are differences in functionality for the short-term grouping and management of tabs and pages
from browser to browser.

Most widely used Chromium-based browsers (e.g. Google Chrome and Microsoft Edge) pro-
vide a way to manually group tabs with the goal of providing the user with a tool to get a better
overview over their open tabs. Chrome (Google 2020) as well as Edge (Microsoft 2020b) (in beta)
allow for coloring and naming of tabs while they are open, by default groups are not collapsed
but all tabs stay visible. If a tab is closed, the assigned color and its open page are lost. Similarly,
Vivaldi allows for "stacking" tabs into groups (Vivaldi 2017) which reduces the clutter on screen
when there are many tabs open at once. This allows to keep tabs open while still being accessible.
In contrast, Opera provides the user with the ability to create multiple named "workspaces" of
which only one can be displayed at once (Opera 2020). This allows the user to be more focused
on a single task and allows for quick task switches. The tabs in inactive “workspaces” are of-
�oaded to save resources. Apart from coloring tabs, Edge also provides a grouping feature called
“Collections” (Microsoft 2020a). Collections are groups of web pages, notes and �les that can be
managed from a sidebar in the browser. Firefox does not provide any such functionality by de-
fault in it's current version. However it did have a feature for tab grouping up until 2016, when it
was removed with version 45.0 (Mozilla 2016a). Firefox recommended to use Bookmarks instead
(Mozilla 2016b).

2.3 Artifact Grouping

Interaction with groups of artifacts and the detection thereof is solved in different ways. The
simplest solution is to allow the user to manually group artifacts. This requires an easy to use User
Interface (UI) design. In today's browsers this basic functionality is supported with bookmarks
and folders. On the other end of the spectrum of artifact grouping, fully automated systems try
to recommend useful groups of artifacts to users.
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2.3.1 Manual Grouping
As already mentioned, the most prominent system to use manual grouping in a browser are
the bookmarks. However there are tools that try to improve upon this concept by providing
functionalities like closing multiple artifacts at once or grouping pages into workspaces through
a simple UI (Motion 2020; Workona 2020; Sessionbuddy 2017; Microsoft 2020a).

Research in this area often looks at all the digital artifacts on a computer, rather than just the
browser artifacts. Smith et al. (2003) with their “GroupBar” project, tried to integrate manual
grouping into the Windows taskbar. The UI makes functionality like opening or closing a group
of windows at once easily accessible and provides the user with a way to focus on a speci�c
group, where all the other windows are stored and can be reopened from the application. The
results from their study indicate that with GroupBar users were able to solve tasks quicker and
satisfaction was higher than with the standard Windows TaskBar. However, many users were
missing a way to label or color-code the groups they created.

Bragdon et al. (2010) developed CodeBubbles, a manual grouping tool for the Eclipse Integrated
Development Environment ( IDE). CodeBubbles helps programmers focus on a task by providing
them with a UI that only shows relevant functions, opposed to a full �le, and builds a �ow based
on a user's navigation through the codebase. They spent a lot of effort to create a dynamic UI that
positions bubbles of code snippets in an intuitive way and allows the user to group up bubbles
by dragging them together. In a small study Bragdon et al. (2010) showed that with CodeBub-
bles, Computer Science students were able to solve 2 tasks faster and were more successful in
completing the tasks.

2.3.2 Automated Grouping
There are, broadly speaking, three ways to automatically group artifacts. One way is to look at
the context and semantics of an artifact. To do this, some kind of natural language processing is
required, often in combination with machine learning (Maalej, Ellmann, and Robbes 2017).

TaskPredictor.WDS and TaskPredictor.email Shen et al. (2006) used the metadata of windows
and email respectively to group artifacts by task. TaskPredictor.WDS uses an artifact's name and
its path or Uni�ed Resource Locator ( URL), segments them into single words and uses them to
get a prediction from a pre-trained machine learning model. Similarly, Taskpredictor.email uses
the from, to, cc, bcc and the subject �elds to predict which task an incoming email belongs to.
Even with a lot of noise in the training data, Shen et al. (2006) were able to achieve an accuracy
of 80% and 90% for TaskPredictor.WDS and TaskPredictor.email respectively in a multi-month
study with 9 participants.

Another way is to look at how a user interacts with artifacts. Zhang et al. (2015) for example
recorded the switches between artifacts. They speci�cally looked at the frequency of switches
and their recency, this means that a more recently and/or frequently visited artifact is likely more
related to the current artifact, than one that has not been visited in a long time and/or not very
often. Azimpour-Kivi and Azmi (2011) suggest a similar approach. To group pages they formu-
lated a similarity calculation based on the frequency and duration of visits with the page length
being used to normalize the visit durations. They found that their approach was more effective
than other available methods. There have been many approaches based on the interaction with
artifacts, Bernstein, Shrager, and Winograd (2008) used the data on switches between windows to
determine the association of windows and to visually move associated windows closer together.
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The third way to determine relatedness of artifacts, is to employ a combination of the two
previous approaches (Pilzer et al. 2020). Which is meant to increase the accuracy of the groups and
has performed well (> 70% accuracy) compared to previous approaches in associating windows
to tasks (Oliver et al. 2006) as well as in �nding the most relevant open windows on a desktop
(Pilzer et al. 2020). In 2009, Shen et al. (2009) created TaskPredictor2. This version of TaskPredictor
utilizes a hybrid approach it uses the context of a window and considers frequency and recency
similarly to the previous two approaches. Shen et al. (2009) also switched their machine learning
approach to an online algorithm to be able to use feedback from users in future predictions of
TaskPredictor2. To validate their approach Shen et al. (2009) had one user work with the tool
installed for 4 months. Out of the 96 proposed task switches the user interacted with, they rejected
36, accepted 37 and modi�ed (time of the switch and/or category of the task) and then accepted
23.





Chapter 3

Approach

In this section we further analyze and compare artifact management features of existing tools.
Based on this analysis and previous research we introduce central concepts to our design, namely
medium-term management of artifacts and fuzzy sets. In the �nal part we showcase and discuss
the �nal design of Taboor and its core features.

3.1 Existing Features
To be able to better compare features that facilitate organizing and re-�nding browser artifacts,
we categorized the most common features from the most commonly used browsers (Chrome,
Edge, Firefox and Safari) as well as two Browser Extensions, Workona and Session Buddy. We
categorized them by the artifact they help to organize or re-�nd. Web page artifacts are organized
by their unique URL while tab artifacts can contain any web page and only the tab itself is relevant
to the functionality. “Persistent” indicates if the artifact is still accessible / stored somewhere
after it has been closed. “Access” describes where the feature can be found in the browser. Some
features can be accessed through multiple ways or the way to access them can slightly differ from
browser to browser.

3.1.1 Saving Pages
From our evaluation (Table 3.1) it seems that most of these features are either for long-term us-
age and storage of artifacts, like bookmarks or collections, or they support short-term usage of
artifacts (tab marking, workspaces). We believe that there is a need for a feature or a bundle of
features that supports something in between, a medium-term solution. The functionality must
be easily accessible, must integrate seamlessly with knowledge workers existing strategies and
needs to keep active maintenance to a minimum. We would expect this to encourage users to
close tabs more often and make task switching easier since pages can be quickly saved as groups,
found and opened and don't need to be actively managed.

3.1.2 Re-�nding pages
To further encourage the closing of tabs, the fear of losing information needs to be addressed as
well. We believe closing a tab is more likely to happen if the closed page can quickly be found
again. Even if the page has not been saved, we need to give the users an easy way to re-�nd
previously visited web pages. Similarly to the tab organization there are already a few features
available for users.
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Feature Artifact Persistent Access Description
Bookmarks (all
Browsers)

Web page Yes Bar at the top, Side-
bar / extra Win-
dow

Strong Tool to save
and organize URLs
and to open single
pages

Collections / Tab
Groups (Edge,
Vivaldi, Workona,
others)

Web page Yes Often Sidebar,
extra Window or
Dropdown

Strong tool to group
up pages and open
them together

Tags (Session
Buddy)

Web page Yes Dropdown Makes pages easily
searchable

Tab Marking
(Chrome, Edge)

Tab No Contextmenu of
Tab

Allows to organize
open tabs with colors

Workspaces
(Opera)

Tab No Sidebar Allows to easily
switch between open
tabs

Table 3.1 : Evaluation of existing artifact management features Sources: (Microsoft 2020a, 2020b; Vi-
valdi 2017; Opera 2020; Google 2020; Sessionbuddy 2017; Opera 2020)

As shown in Table 3.2, there are only a few features that help with re-�nding information.
But they are very integrated and powerful tools. Especially the integration of the browser history
in the URL Bar enables users to �nd pages they want to revisit easily. A problem we see with
these features is that they only provide functionality to re-�nd single pages one at a time. When
switching a task, multiple pages might need to be closed at once to minimize the attention residue
of the old task(s). However, exactly those pages might be reused at a later point when a task is
resumed. We believe a system that helps users with �nding groups of relevant pages might make
it more likely for the users to close tabs, especially in a task-based work�ow, and therefore reduce
artifact clutter on screen and the related cognitive load for the user.

Feature Artifact Persistent Access Description
Browser History /
Recent History (all
Browsers)

Web page Yes (set-
tings)

Sidebar or extra
Window

Stores all visited pages
and includes a search
bar

URL Bar (all
Browsers)

Web page &
Tabs

Yes, key-
words

Top of the Window Shows current URL

and allows to search
history, open Tabs,
remembers keywords
from searches.

Recently Closed
(all Browsers)

Tab No Dropdown Shows a certain num-
ber of recently closed
tabs

Table 3.2 : Evaluation of existing artifact re-�nding features Source: Own depiction
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3.1.3 Conclusion
We believe that by creating a bundle of features that provide improved accessibility to recently
closed groups of web pages through medium-term storage of such groups, as well as providing
ways to re-�nding and re-opening them, we can help knowledge workers with their task switch-
ing process and help them focus on single (medium-term) tasks.

3.2 Fuzzy Sets
A core concept to our design decisions are fuzzy sets. An earlier study by Schlae�i (2020) found
that users often associate pages with multiple groups or with a single group but only for a lim-
ited amount of time. Bernstein, Shrager, and Winograd (2008) also suggested that association
of artifacts is more natural to task-based work than categorization. This leads us to believe that
task-based sets are not clearly de�ned groups but rather fuzzy sets. This concept in�uenced the
design of core features such as marking pages and the highlights.

We believe that fuzzy set theory can be applied not just in the UI design but also in the design
of algorithms to recommend groups of pages. Fuzzy set theory has been initially formulated
by Zadeh (1965). Since then it has found applications in psychology (Kochen 1975), engineering
(Balaman 2019) and many other areas. Fuzzy sets excel in areas where uncertainty exists or in
other words where there is vague data (Balaman 2019). We think that this uncertainty is given
here because not every page in a group of web pages might be as important or relevant to a task
as other pages in the group and additionally we believe this relevancy to be highly subjective for
every user.

3.3 User Driven Design
As suggested by Lowdermilk (2013) and Knight (2018), we used created and used three design
personas (Appendix A.1) to design and validate the functionalities of our feature bundle and fur-
ther improved it over multiple iterations to better �t the user pro�les and how they could interact
with the features. As a �rst inspiration for the design we also used properties from our initial
analysis of existing tools, like the colors used in Google Chrome to group tab or the sidebar used
by Microsoft Edge to access the collections. To make this bundle of features widely available, we
decided to create a prototype web extension for Firefox as well as all Chromium-based browsers
(i.e. Chrome, Edge and Vivaldi). Safari is not supported due to its incompatibility with the google
extension API, which the prototype builds upon (Google 2016).

Throughout the creation of the web extension we regularly had two users test the application
in short 30 minute sessions and give feedback on the features, concepts and ease of use of the web
extension. We went through multiple iterations of the UI and the functionalities. In the following
sections we describe the three core features and theirUI elements in their �nal form used in the
user study.
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3.4 Core Features

Figure 3.1 : Screenshot of Google Chrome with Taboor open The screenshot shows Google Chrome with
Taboor open in the sidebar. Source: Own depiction

All the core features were combined in a single browser extension. The browser extension
renders a hideable sidebar on the left of a currently open web page (Figure 3.1). The core func-
tionality is integrated with different views that show all the currently open pages, a recent history
of visited pages and an overview of the different marked as well as named groups of pages. A
detailed description of all the functionalities, can be found in Appendix A.4.

3.4.1 Marking Pages
The main feature provides an easy way to save, re-�nd and then reuse pages a user has already
visited before. Marking pages is meant to be a way to quickly group and store web pages needed
in the near future. After a few days of no usage (depending on the settings), marks are reset and
all unused marked pages are automatically marked with a black color. This group of black pages
is a way to clean up unused pages while minimizing the danger of losing information.

Colors are not applied on a tab level, like with the tab marking feature in Google Chrome,
but on a per page level. A user can mark a page, navigate away in the browser and still �nd the
marked web page in the extension UI . To make marking pages as easy as possible, Taboor also
allows to mark pages from a “Recent History” (Figure 3.6 a) which shows the last 100 visited web
pages in chronological order. To make the marking functionality as accessible as possible users
can hover over the paint brush icon next to the name of a page and select one of �ve colors (Figure
3.2). Marking pages with colors is an integral part of our new work�ow to store and re-�nd pages
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Figure 3.2 : Dropdown to mark a page This �gure shows how a web page can be marked in Taboor and
the �ve colors available. Source: Own depiction

Figure 3.3 : Dropdown to add a page or group to a named group This �gure shows the dropdown to set
a name for a named group and shows the option to remove the marking of the pages at the same time.
Source: Own depiction

with Taboor. The concept behind the work�ow is that UI elements showing currently open and
recently visited pages provide a short-term solution to storing and re-�nding information. From
these two UI elements, pages can be marked and are stored for up to two weeks (depending on
the settings) as a medium-term group. After up to two week of no usage of a marked page the
marking decays and the page is marked with a black color. All decayed pages can be found in the
black group as long as the user does not delete them manually. If the user decides that they want
to store a page or a group long-term, marked pages can be converted to a named group (Figure
3.3. Named groups are persistent and not subject to the prede�ned decay. Based on the concept
of fuzzy sets, another principle in the design of marked groups is that a page can have multiple
colors and appear in multiple named groups at the same time. This gives the users more freedom
and allows for �exible group building. This property is also indicated by the icons we designed.
When a page is marked, the brush icon becomes a square with the assigned color(s) and becomes
a ribbon if the page is member of a named group. Figure 3.4 shows all the possible constellations.

This work�ow from short- to medium- to long-term storage is meant to provide a novel way
to create groups of pages and to minimize the effort to manage groups and marked pages while
keeping clutter in the groups to a minimum. A user can interact with these groups either trough
the group view (Figure 3.6 b) or through the quick access bar.
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Figure 3.4 : All possible indicators for markings of pages This �gure shows the marking indicator in
different states, from top to bottom: multiple colors and in named group, multiple colors, unmarked, single
color, in named group. Source: Own depiction

3.4.2 Quick Access Bar

Figure 3.5 : The quick action bar and it's dropdown menu This �gure shows quick action bar with three
marked and one named group. It also shows how a user can interact with the groups through the quick
access bar. Source: Own depiction

The Quick Access Bar is aUI element that provides users with quick access to marked and
named groups of pages. It is placed at the top of the sidebar and shows boxes of recently used
colors and the �rst three letters of recently used named groups (Figure 3.6). By clicking on its re-
spective square or text, a user can interact with that group of web pages (Figure ??). The following
interactions are possible:

� Open - Opens all pages of the group or color in the current window.

� Open Window - Opens all pages of the group or color in a new window.

� Close - Closes all pages of the group or color.

� Close Others - Closes all pages not in the group or color.

� Focus - Opens all pages of the group or color and closes all others.
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The goal of the Quick Access Bar is to create additional value to marking pages and reduce
the number of clicks necessary to access stored web pages. These functionalities provided by the
Quick Access Bar aim to enable users to switch between groups of pages, close multiple pages at
once and focus on single groups more ef�ciently. The squares in the bar are sorted by recency of
use of a color or group and up to six groups can be displayed at once.

3.4.3 Related Highlights
With a single click on a webpage in the extension, users are presented with suggestions for related
highlights (Figure 3.6 c). The related highlights allow the user to �nd related pages to a certain
web pages, which they had visited before based on how often they visited another page, how
long they visited this page and how similar the page title is to the initial page. From this view it is
possible to mark multiple related pages at once and it enables re-�nding and adding useful pages
a user might have dismissed to existing groups.

To calculate the frequency (Equation 3.1) and time spent on a page (Equation 3.2), the exten-
sion tracks all switches between pages or tabs and builds a switch graph containing information
on the visited web pages and when a switch happened. From the graph starting from the ini-
tal page, the highlighting algorithm creates a subgraph with all pages within a range of 5 steps
(P). This subgraph is then analyzed based on a simpli�ed version of the calculation of Interest
(Equation 3.3) of web pages proposed by Azimpour-Kivi and Azmi (2011). Our simpli�cation is
that we do not consider the length of a page when calculating the time spent on a page ( Pi ). This
simpli�cation is due to ef�ciency concerns when collecting this data in real-time but it might bias
the algorithm towards longer pages since more time could be spent there.

F (Pi ) =
F requency(Pi )P

P = pages_in _subgraph Frequency(P)
(3.1)

TS(Pi ) =
T imeSpent(Pi )P

P = pages_in _subgraph T imeSpent(P)
(3.2)

Interest (Pi ) =
2

1
F (P i ) + 1

T S (P i )

(3.3)

The resulting percentage of interest is used to �nd the pages with the highest frequency and
time spent compared to all other pages in the subgraph. Only focusing on a subgraph reduces the
probability to �nd pages from tasks that have been completed or are no longer relevant. This also
introduces recency as another (soft-)factor for the highlights algorithm.

To further increase the accuracy of the related highlights, a string similarity calculation was
used on the tab titles of the webpages. For this we used an npm package called “string-similarity”
by Kurdekar (2021). The package is based on Dice's Coef�cient (Dice 1945) to determine the sim-
ilarity of two strings. We ended up using this package after testing two of our own implementa-
tions of a string similarity algorithm, which we found to be less ef�cient and less accurate than
the “string-similarity” package.

This hybrid approach is able to �nd the "most interesting" used pages that have at least some
similarity between their titles. This approach can not produce perfectly accurate highlights, how-
ever due to the fuzzy nature of related pages we believe that this accuracy suf�ces. To help
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manage the fuzziness of the results, we introduced different highlighting policies which users
can change on the �y, that directly determine the thresholds for interest and title similarity. Users
have three highlighting policies to choose from:

� Strict - Only pages with a very high interest ( > = 1=numberOfPages) and high title similar-
ity ( > = 0 :18)

� Medium - All strict pages and pages with a medium interest ( > = 0 :5=numberOfPages) and
medium title similarity ( > = 0 :13)

� Light - All medium pages and pages with a low interest ( > = 0 :1=numberOfPages) and low
title similarity ( > = 0 :08)

We re�ned these thresholds with the feedback from our two test users, and found these thresh-
olds to deliver sensible results. However, depending on the browsing behaviour of a user (i.e.
how much time is spent on single pages, or how often they switch between pages) results might
vary.

Pages that have been determined as related highlights, are highlighted across all UI elements
(Open Tabs, Recent History and all Groups). The highlighting is indicated by a speci�c back-
ground color users can choose in the settings. The background color's alpha changes according
to its highlighting policy (Figure 3.6 c). Pages that are part of the strict subset have a high alpha
background, while pages in the light subset have a low alpha background. We believe this design
helps to further emphasize and visualize the fuzziness of groups

3.5 Architecture
Taboor is based on a fork of Tabai originally created by Schlae�i (2020) for their Master's Thesis.
The frontend as well as the backend were heavily modi�ed but there is an overlap in the used
packages and APIs. Like the previous work, the extension was programmed using Typescript
and React. How to access the source code from our private repository can be found in Appendix
A.2. Our goal was to create an extension that only needs a single installation in the browser, with
no additional local installations needed. This meant that all algorithms had to be as ef�cient as
possible to minimize resource usage in the browser and the memory footprint of storing every
page switch had to be considered. We managed this by limiting the amount of web pages that
could be displayed at once to 100 and by having a clean up algorithm that would delete all data
older than 7 days.
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