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Modern web browsers are almost exclusively used with pointing devices, be it
mice or touchpads. While this design choice is intuitive and makes the application
easy to learn and use, having the option to also be able to perform some actions
using keyboard shortcuts would even out the balance between hands. The goal
of this thesis was to explore new ways to interact with web pages using keyboard
shortcuts.

By investigating the individual tasks browser users face in their day-to-day lives,
the following tasks were deemed most suitable to be used with shortcuts: scrolling
web pages, opening links, and clicking buttons. To add shortcuts for these tasks,

a new browser extension was developed for the Mozilla Firefox browser.

To gather evidence if these tasks would actually be used by browser users, an
experiment was organized. The participants used the extension in a real world
setting, performing tasks knowledge workers face daily, such as sending an email
and searching the web for information. After the experiment, the participants
were interviewed to record their experiences and opinions regarding the extension,

keyboard shortcuts and browser usage in general.

It was discovered that while scrolling with shortcuts did not appeal to the users,
having the option to click elements on web pages with shortcuts was considered
a useful addition as an alternative to using the mouse. While shortcuts appealed
the most to the participants that were most proficient typists, others could also
use them efficiently and enjoyed the possibility of using them in certain scenarios.
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teraction, keyboard shortcuts, keyboard issued commands
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Moderneja internetselaimia kéytetddan ldhes yksinomaan joko hiirelld tai koske-
tuslevylld. Tama ratkaisu on intuitiivinen ja sen ansiosta ohjelmiston oppiminen
ja kdyttdminen on helppoa. Toisaalta, jos selaimissa olisi mahdollista suorittaa
joitain toimintoja myo6s pikandppéaimilla, késien vilinen epétasapaino tyoméaaran
suhteen tasoittuisi. Tamén lopputyon tavoitteena oli tutkia uusia tapoja vuoro-

vaikuttaa internetsivustojen kanssa hyodyntéden pikandppéimia.

Tutkimalla selaimen kéayttoon liittyvia yksittéisia vuorovaikutuksia, seuraavien
odotettiin toimivan parhaiten pikandppéimilld: internetsivun vierittdminen, link-
kien avaaminen, ja nappien painaminen. N&iden toimintojen testaamiseksi oi-
keiden sivustojen kanssa luotiin uusi selainlaajennos, joka lisési selaimeen uudet
pikandppéaimet néille toiminnoille.

Osana tutkimusta jirjestettin koeasetelma, jonka tavoitteena oli keréitd nayttoa
siitd, pitdisiviatko tavalliset selainkéyttédjat edellda mainittuja pikandppéaimié
kayttokelpoisina. Koeasetelman osallistujat kdyttivéit selainlaajennosta tavallista
toimistotyoté vastaavassa ympéristossé, jossa he lahettivit selaimella sahkopostia
ja etsivat tietoa internetistd. Kokeen jédlkeen osallistujia haastateltiin heidén ko-
kemuksistaan selainlaajennoksen kaytosta.

Haastatteluissa havaittiin, ettei sivustojen vierittdminen sovellu hyvin pi-
kandppaimelld suoritettavaksi tehtdvéksi. Sen sijaan pikandppéintd linkkien
avaamiseen ja nappien painamiseen pidettiin hyodyllisend vaihtoehtona hiiren
kédytamiselle. Taitavimmat ndppaimiston kayttajat kokivat pikandppéimet vai-
vattomimpana vuorovaikutusmekanismina, mutta muutkin osallistujat kdyttivét
niitd tehokkaasti ja pitivét niitd hyvéand vaihtoehtona tietyissé tilanteissa.

Asiasanat: Kayttajakokemus, kdyttoliittymésuunnittely, pikandppaimet

Kieli: Englanti
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Abbreviations and Acronyms

API

AR

GUI

Ul

HCI

KS

URL

NP hand

Application Programming Interface
Action Research

Graphical User Interface

User Interface

Human-Computer Interaction
Keyboard shortcut

Unique Resource Locator

Non-primary hand
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Chapter 1

Introduction

1.1 Background

As long as web browsers have existed, they have been primarily operated
with pointing devices, with little-to-no support for keyboard based interac-
tion. Pointers come in many forms, with traditional computer mice being the
first ones on the market. Smaller devices such as laptops often come with
trackpads or trackpoints. Then, alongside touchscreen devices, the users’
fingers and styluses became commonplace pointing devices as well.

Pointing devices have thus evolved a lot throughout the years. With every
new category of devices, a new kind of pointing device has emerged. This
works well for the majority of computer applications, since most of them are
primarily used with the pointer. This is also largely in line with the trends of
UI design in general, as research has shown how pointer-based applications
are easy to learn and use (Davis and Bostrom, 1992), making them appealing

for the vast majority of computer users.

1.2 The problem

The essence of web browsers has not evolved a lot since their inception.
The basic user interaction taking place in the browser is essentially identical
to what it was some 20 years ago. While web technologies and browser
capabilities in general have advanced significantly year by year, there has
not been much innovation in the usability of browsers.
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This thesis aims to uncover how keyboards could be used more exten-
sively to improve the usability of web browsers. The focus is in particular
in desktop computing, where keyboard and mouse are the typically available
input devices, yet currently the keyboard remains much less used. Since key-
boards see little usage outside of typing, there are likely interesting use cases

to uncover.

1.3 Purpose of this study

All this sparks a question, “why bother”? There is nothing inherently wrong
with pointer devices and they work well for their purposes. However, a lack
of issues does not justify a stagnation in innovation. This thesis argues that
the usability of browsers could still be improved by making the keyboard as
useful as the mouse is. That does not mean it would be done at the expense
of the mouse. Undoing years of innovation and development at that area
serves no purpose. On the contrary, the idea is to bring the keyboard to the
same level of usefulness by extending its functionality in the context of web
browsers.

This would be beneficial in many ways. First, equalizing the amount of
work for each hand would likely increase comfort and user satisfaction. As
bimanual creatures, it is natural and more efficient for our hands to work
together (MacKenzie and Guiard, 2001). However, leveraging the keyboard
more in day-to-day usage does require a certain level of ability and “fluency”
when it comes to keyboard and computer usage. Therefore expert typists,
those for whom using the keyboard is second nature, are likely to gain the
most from these improvements. Moreover, professionals using the browser
for a significant portion of their days, such as web developers and designers,

would also stand to gain from usability improvements.



Chapter 2

Background

This chapter investigates what research has already uncovered regarding mea-
suring user satisfaction and the usage of different input devices. It also takes
a look at different tasks browsers users typically execute, and how the users
execute these tasks. This chapter also defines several concepts and phenom-
ena this study covers.

2.1 Input devices

This section discusses the roles our most common input devices — keyboards,
mice, and trackpads — play when using a computer. Other input methods,
such as styluses and touchscreens, are left out on purpose as the scope of this
study is limited to traditional desktop computing where these input devices

are most commonly utilized.

2.1.1 Keyboards

A traditional full size office keyboard, as seen in figure 2.1 !, is comprised of
three classes of keys: “alphanumeric keys”, “modifiers”, and “power keys”
(MacKenzie and Guiard, 2001). Alphanumeric keys take up the majority
of the board. Naturally, these are usually used to type text and numbers.
However, they can also be used in conjunction with modifier keys to execute

Tmage retrieved from https://blog.wooting.nl/wp-content/uploads/2018/
01/Full-size-keyboard-form-factor-min.png, 19/09/2020
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so called “keyboard issued commands” (KIC) or “keyboard shortcuts” (KS).
The role of KIC and KS is discussed in detail in section 2.2.
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Figure 2.1: A full size office keyboard layout
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Modifier keys are placed around the alphanumeric keys. These include
commonly used keys such as “Control” and “Shift” keys. MacKenzie and
Guiard (2001) included modifiers in the power key group. However, this
study considers modifiers as a separate class of keys. The distinction is
necessary, as power keys have rather strict predefined roles. Consider the
keys “Delete” or “Enter” for instance. They execute standalone commands
and are used on their own. On the other hand, modifiers do not have pre-
established roles and are almost always used with other keys (usually al-
phanumeric) to issue KICs.

2.1.2 Pointers

MacKenzie and Guiard (2001) discussed some of the shortcomings in common
computer Ul design. They argue that most design decisions are heavily biased
towards users’ right hands. According to the paper, humans tend to use
their hands differently. The non-preferred hand typically sets the frame of
reference, working on a coarse level. The preferred hand then acts at a finer
level, requiring more precise movements. Before graphical user interfaces
(GUIs) this worked well, since all computer interaction was performed with
the keyboard. However, when command line interfaces were replaced with
GUIs and pointer devices became commonplace, the balance between hands

was thrown off.
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In the context of modern computer use, most work is done with the
pointer device. In web browsers, setting the frame of reference is most com-
monly done by rotating the mouse wheel or swiping the trackpad, which
is done with the right hand by most people. However, the finer actions
(namely selecting items with the cursor and clicking) are also done with the
right hand. This results in the right hand being overloaded, and left hand
under-utilized. Finding a better balanced workflow would therefore likely
improve the browser user experience, increasing both comfort and efficiency.

This is not to say that pointers are not good at what they are used for,
since they have some definitive advantages in certain use cases. Several vi-
sual tasks simply cannot easily be replaced with other input methods. These
include “drag-and-drop” functionalities, sliders and drawing. In these use
cases, pointers are accurate, efficient and intuitive to use, and it is not mean-
ingful to look for replacements for these uses in this study. However, the
argument by MacKenzie and Guiard (2001) still applies, as the preferred
hand should be doing the finer movements.

Chin et al. (1988) reported several advantages to pointer-based interfaces
(compared to keyboard-driven interfaces), such as shortening learning, struc-
turing decision-making, and supporting more intuitive error handling. These
are even more significant the less typing the application at hand requires,
which is often the case in the context of web applications. However, this
study looked at different native desktop applications, which contain mas-
sive amounts of features and functionalities that are hidden behind menus.
Therefore, the key takeaways from this study do not always directly apply
to the context of navigating web pages. There is no need for structuring
decision-making when most of the actions users need to perform are as sim-
ple as scrolling, pointing and clicking links with the mouse.

Lane et al. (2005) studied the issues in transitioning from menus and
toolbars buttons to keyboard shortcuts. They argue how a good interface
would be easy for novices to learn, yet efficient for experts to use. While web
browsers provide both the menu system and keyboard shortcuts to access
most of the internal functions, one major issue is that there are no keyboard
shortcuts for interacting with the web page itself. By design, web pages were
created to be used with pointing devices. While this is not a bad decision in

itself, the lack of real alternatives for using web pages is problematic.
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2.2 Using software with KICs and KSs

Research shows that there is potential in mostly keyboard-based interfaces.
Jorgensen et al. (2002) conducted a study in which subjects were shown a
word and they were instructed to select the matching image on the screen.
First they were to click the images using a mouse, and then use the keyboard
to press certain buttons that represented the images. They discovered in
their experiment that “learning did take place with the keyboard, making it
easier, more comfortable or more satisfactory”. While the experiment found
keyboard usage to be initially more difficult, with practice it became more
satisfactory and more efficient, suggesting it could be a viable alternative for
pointer devices in some applications. However, the setup for this experiment
was very limited in scope. Such a simple use case hardly translates to using
real life applications with only keyboard shortcuts. What this study did
manage to prove was that it is very manageable to learn a small number of
shortcuts in a short amount of time, even under time pressure.

In their study regarding Microsoft Word users’ perception of KICs, Peres
et al. (2005) learned the users did benefit strongly from not having to con-
stantly move their hands away from the keyboard to use the pointer device.
The context switching from using different input devices collide with their
otherwise keyboard-heavy workflow in word processing. The act of moving
hands around the desk was also reported as inefficient and hurting concen-
tration. This suggests that ideally, each hand would have a consistent role
and place on the desk, be it on the keyboard or on the mouse.

Building upon the previous arguments, expert typists in particular would
likely find a more keyboard oriented user interface more comfortable and
efficient. The dilemma with efficiency, when it comes to HCI, is that most
users do not care about being as efficient as possible (Bhavnani and John,
2000). Due to this, an alternative to pointer devices cannot be suggested
based on efficiency alone. Rather, one must be able to learn it, retain the
learnings, and find the interface pleasant to use. Efficiency is therefore a

side-effect, albeit an arguably welcome one.
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2.3 User satisfaction

Pearson and Bailey (1980) defined user satisfaction as “the sum of feelings
or affective responses to distinguishable factors of the computer-based infor-
mation products and services”. While this study is old and focused on data
processing workers, the theme is still very much current and the findings
apply to modern computer usage as well. Perhaps the most valuable finding
(regarding this thesis) was the detailed breakdown of factors contributing to
software user satisfaction — or lack thereof. Table 2.1 lists the factors and cat-
egories that also apply to individual users in the context of modern desktop
computing. The original list had 39 factors, 10 of which remain applicable
here.

Table 2.1: Factors affecting user satisfaction

Category Factor

Quality of systems Accuracy
Timeliness
Precision
Reliability
Flexibility

User constructs Expectations
Understanding of systems
Perceived utility
Confidence in systems
Feeling of control

Another study by Chin et al. (1988) used the following five metrics, based
on earlier research by Shneiderman, to develop a tool for measuring user

satisfaction in human-computer interfaces.
e Speed
e Accuracy

e Time to learn

e Retention of acquired knowledge
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e User acceptance (i.e. subjective satisfaction)

The two first measures have to do with performance, and improvements in
these would make users more efficient. The last three on the other hand deal
with how pleasant a system is to use. Hard-to-learn applications frustrate
users, pushing them away from it. Systems that make it difficult to remember
how it should be used (e.g. unintuitive Uls) also unnecessarily distance
themselves from users.

Using this framework, pointer-based applications tend do well in the “time
to learn” and “retention of acquired knowledge” categories. However, with-
out any real alternatives, there is nothing to compare against. Keyboard is
the alternative input device all computer users have access to in addition to
mouse. In the context of browser usage, however, it is severely under-utilized

at the moment.

2.4 Browser functions

This section discusses the function and tasks a user performs when using the
browser. This is done to understand which functions can be performed with
which input device.

Here is a list of various common tasks browsers users tend to face.

e Typing (URLs, text fields etc.)

e Scrolling

e Clicking buttons and links on the web pages

e Setting focus to elements

e Opening and closing tabs

e Switching tabs

e Holding modifiers while clicking

e Traversing browser history

e Clicking browser toolbar buttons

e Copy + paste shortcuts
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e Drag-and-dropping

e Using sliders

Even though the goal here is to investigate transferring tasks from the pointer
hand to the keyboard hand, not all tasks are necessarily well suited for the
keyboard. The tasks involving pointing the cursor on various web page ele-
ments may be less feasible on the keyboard, leaving few tasks left for consid-
eration. Referring back to the research by MacKenzie and Guiard (2001), the
NP hand should not handle fine movements or actions anyway. Therefore,
the tasks requiring minor adjustments with the pointer, such as using slid-
ers and drag-and-dropping elements, are likely not well suited for keyboard
usage.

On the other hand, certain tasks could likely be easily offloaded to NP
hand, such as scrolling. Scrolling in the context of navigating web pages is
quite literally “setting the frame of reference”, so ideally it would be done
with the NP hand in the first place, as was suggested by MacKenzie and
Guiard (2001). As such, different options for performing this task with the
keyboard should be explored.

Another potential area to explore is changing the focus of elements. As
of now, it is possible to iterate the currently active element using the “tab”
key. However, if there is a large number of selectable elements on the page,
iterating them one by one is hardly efficient or satisfactory. Nonetheless, this
goes on to show that there could be a way to navigate focused elements with
the keyboard. By discovering better ways to select elements, another task
that does not necessarily need to be done with the mouse could be offloaded
to the NP hand.

Looking at the list of browser tasks above, it becomes apparent that many
of them target the browser and not the web page. Examples of such tasks
include managing tabs and using the browser’s toolbar. Most of these tasks
do already support keyboard shortcuts. Whether or not users are aware
of these and use them is another question, which has largely been already
answered by research (Tak et al., 2013), (Peres et al., 2005).



CHAPTER 2. BACKGROUND 10

2.5 Division of labour between hands

Section 2.1.2 discussed how heavily biased modern computer usage is towards
the users’ preferred hands. This is particularly true when using the browser,
since web pages have been designed from the ground up to be used by point-
ers, apart from typing in text fields. In this section, the current state of the
division of labour between hands is discussed in detail.

Currently, the role of the non-preferred hand is extremely limited. It is
almost entirely unused when it comes to web page interaction, apart from
typing. In an ideal scenario, as discussed by MacKenzie and Guiard (2001),
both hands would work together in a task, with the non-preferred hand
leading the way and setting the frame of reference, while the preferred hand
performs more detailed actions. As discussed earlier, this is not realized
currently.

To remedy the situation, some work should be offloaded from the preferred
hand to the non-preferred hand.

2.5.1 Currently available functions for the NP hand

There are some functions the NP hand can perform currently. In fact, per-
haps the easiest task that could be offloaded away from the preferred hand is
setting the frame of reference, i.e. scrolling. As of now, there are three ways
one can scroll a web page with the keyboard. The first option would be using
“page up” and “page down” keys, which are intended for this purpose. The
second option is using the “space” and “shift 4+ space” keys. Both of these
scroll the browser view by a whole screen down or up, respectively. Finally,
the arrow keys can also be used to scroll the view.

Each of these scrolling mechanism work slightly differently in terms of
the scrolling amount. The arrow keys scroll very slowly, while the space bar
and page up / page down method scroll so much it is difficult to follow the
pace. Moreover, the “page up” and “page down” keys usually only exist in
full size office keyboards, and not in smaller laptop keyboard layouts. See
figures 2.1 and 2.2% for reference.

’Image retrieved from https://support.apple.com/library/content/dam/
edam/applecare/images/en_US/keyboards/dutch_notebook.png, 19/09/2020
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Figure 2.2: A typical laptop keyboard layout

The positioning of these scrolling keys pose another dilemma, as each hand
has a natural place on the keyboard when typing. The left hand tends to
rest towards the left side of the keyboard, one or two columns right from
the left side of the keyboard. The right hand tends to be placed on the left
side of the “enter” key. Only the “space” and “shift 4+ space” keys reside
near the natural hand placement, while the other scrolling keys would require
constantly moving the hand away from their standard placement. Therefore,
these scrolling methods would require a lot of NP hand movement across the
keyboard, which was found problematic by Peres et al. (2005) and is precisely
what we are trying to limit.

2.5.2 Both hands on the keyboard

There is also software that aims to eliminate most mouse usage altogether in
the form of a web browser extension. In Mozilla Firefox browser, the most
adopted one is called Tridactyl 2, which creates a KS layer to the browser
that is based on Vim text editor’s 4 key bindings. When using such software,
both hands would rest on the keyboard, operating the web page completely
with various keyboard issued commands and shortcuts. While this is a major
overhaul to the browser’s user interface, most browsers support the addition

of such layer via browser extensions. Thanks to cross-browser compatible

3https://addons.mozilla.org/en-US/firefox/addon/tridactyl-vim/
4https://www.vim.org/
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technologies such as the WebExtensions API °, third party developers are
able to build scalable software on top of existing browsers.

The benefit of this approach is to achieve the highest possible levels of
efficiency and user satisfaction, as discussed by Jorgensen et al. (2002). As
long as an optimal set of shortcuts and commands are used, this method could
score well in the user satisfaction framework used by Chin et al. (1988).

However, there are some major challenges here. First, understanding how
such keyboard shortcut layer should work, and what is the best way to design
the keyboard issued commands and shortcuts in this context. This is not a
straightforward task, as wrong decisions could hurt the usability. Second,
the learning curve of a completely new user interface is likely somewhat
steep, and definitely more challenging than the traditional pointer-based UI.
Finally, while this approach may be able to handle links and buttons just
fine, there are certain more advanced Ul elements that were designed with
pointers in mind, such as drop-down menus, sliders, and “drag-and-drop”
tools. When designing keyboard-based interaction methods for these, the
end result must be carefully evaluated to understand if the solution is at

least a sufficient replacement for the pointer.

Shttps://developer.mozilla.org/en-US /docs/Mozilla/ Add-ons/ WebExtensions
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Research questions and goals

While researchers have studied if keyboard shortcuts are useful as an ad-
ditional input methods to mice in terms of efficiency and user satisfaction,
these studies are quite limited in scope and do not offer practical, real world
solutions to increasing two handed computer usage on actual applications.
First of all, these studies primarily focus on a small number of well known
shortcuts in common desktop applications, such as Microsoft Word. Second,
there is a lack of research when it comes to exploring new possibilities for
keyboard based interaction. To add to the existing research, this thesis aims
to fill this gap by exploring practical use cases in web browsers, an application
that currently has limited shortcut capabilities.

Moreover, this thesis aims to recommend a concrete, real-life solution to
the problem at hand while simultaneously studying it. One issue previous
research made clear was that there is an apparent lack of practical outcomes
from the research. MacKenzie and Guiard (2001) did suggest an improve-
ment to the mouse hand bias issue discussed in section 2.1.2. However, their
recommendation of including a physical scrolling wheel to the keyboard is
hardly practical or realistic, as this would require either keyboard manufac-
turers to adopt this approach or require users to build custom keyboards.
Arguably neither are realistic on a large scale. Therefore, this thesis argues
that a software based solution would be required to have a more significant
impact.

13
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3.1 Scope

As discussed in the previous chapter, this study focuses on improving browser
usage on desktop computers and laptops, where the browser is operated with
a keyboard and a mouse. Hence, all touchscreen devices are out of scope for
this study as they do not utilize a physical keyboard or mouse.

The target audience that is most likely interested in such development are
knowledge workers who actively use web browsers in their day-to-day work.
More specifically, those browser users who are highly skilled in computer
usage and very comfortable on the keyboard are most likely to gain the most
out of this research.

3.2 Research questions

Keeping in mind the possibilities and limitations discussed above, the core
area of interest of this thesis is understanding how to better utilize a browser
user’s NP hand when using a browser while making the overall usability of
the browser more satisfactory.

From this premise, this thesis investigates how offloading certain browser
functions from mouse-hand to keyboard-hand affects the user experience.

e RQ1: Which browser tasks can be performed with the non-primary
hand?

Based on this categorization of tasks, those deemed most suitable will
be offloaded to the NP hand for answering research questions two and
three.

e RQ2: Which browser tasks should be performed with the non-primary
hand?

After answering RQ1, it should be clear which tasks can be performed
with the NP hand in terms of what is technically possible considering
browser’s limitations and capabilities. This research question investi-
gates which way is better for each task, i.e. is a task better suited for

keyboards or mice from the users’ perspective.



CHAPTER 3. RESEARCH QUESTIONS AND GOALS 15

e RQ3: What kinds of benefits and challenges are there in performing
these actions with the NP hand?

Finally, to explain why someone would be interested in increasing their
NP hand utilisation with browsers, a closer look is required towards the

effects the offloading ! of tasks has on web browser user satisfaction.

In this context, offloading tasks means creating the means to perform the same task
with the opposite hand



Chapter 4

Methodology

This chapter covers the research methodology, methods, and other tools used
in the study. First, the selected research methodology is introduced. Then,
the individual methods used in this study for data collection and analysis are
explained.

This study is exploratory by nature, as the point of this thesis is to
discover new interactions in the browser. Since user satisfaction, i.e. users’
attitudes and perceptions towards a piece of software (Pearson and Bailey,
1980), is at the core of the research questions, qualitative methods will be
used to capture the wide variety of experiences and perceptions the subjects
face during this study.

While quantitative methods do exist for gauging user satisfaction (Pear-
son and Bailey, 1980), (Chin et al., 1988), these are better suited for con-
trolled experiments with larger amounts of subjects (Wohlin et al., 2003). In
this case, as the development of the software in question is in early stages, it is
important to capture all experiences and comments from the users. Quanti-
tative methods could limit the amount of feedback and might not necessarily
allow the subjects to express their feelings and experiences as openly as pos-
sible. For example, the questionnaire by Chin et al. (1988) can determine
how easy or difficult it is to remember names and use cases of various com-
mands in general, but it fails to understand which commands are difficult to
remember and why. If this study was a large scale experiment where there
would be room for several different groups, quantitative methods might be
suitable. In this case, however, qualitative methods were chosen.

16
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4.1 Action research

According to Avison et al. (1999), action research (AR) is a research method-
ology that “combines theory and practice ... through change and reflection
in an immediate problematic situation”. What separates action research from
other methodologies is that in AR, the researcher is attempting to apply a
theory in real-life situations, gaining feedback and applying the results back
to the theory. It is therefore an iterative and practical approach to research.
(Avison et al., 1999)

Another important distinctive feature in AR is the notion of intervention.
Whereas other methods, including case studies, tend to rely in interviewing
and observing people while remaining neutral and objective, an action re-
searcher’s goal is to intervene and attempt to change or improve the situation
or phenomenon they are studying. However, to ensure the research results
are valid, it is crucial that the research process is thoroughly documented
and the tenets of action research are followed. Otherwise, the researcher’s
practice would be closer to consulting than research. (Avison et al., 1999)

Considering the above, AR seemed most suitable for this study since the
phenomenon being studied is very practical. Existing literature proved that
the problem is quite well understood but lacking real-life solutions. This the-
sis is trying to fill the gap between theory and practice while simultaneously
studying the phenomenon (Davison et al., 2004).

This study will follow the cyclical process model introduced by Davison
et al. (2004) to provide structure for the research. Figure 4.1 displays the
model. In AR the process is often iterated through several times, each time
adjusting the theory based on the learnings discovered in the intervention
phase. However, due to time and resource constraints, this study will only
go through the cycle once.

4.2 Data collection

This section covers the individual research methods that are deployed to
collect data for further analysis. For easier readability, the research questions
are repeated here again.

RQ1: Which browser tasks can be performed with the NP hand?
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Figure 4.1: CAR process model - The researcher-client agreement

RQ2: Which browser tasks should be performed with the non-primary
hand?

RQ3: What kinds of benefits and challenges are there in performing
these actions with the NP hand?

4.2.1 Data collection in the diagnosis phase

! was conducted in order to classify all relevant

A documentation review
browser tasks and answer the first research question. The goal was to create
a comprehensive understanding of what kinds of tasks browser users face on
a daily basis. The Mozilla Developer Network 2 website was used extensively
to look into implementation details of various browser features. With this
documentation at hand, it was possible to determine if a particular task
would be possible to complete with keyboard shortcuts.

Additionally, the researcher reflected their own browser usage over several
weeks to identify various tasks in addition to what could be learned from the
documentation review. As new tasks were discovered, they were appended
to the list of tasks introduced in section 2.4. This list would be the basis for

the upcoming task classification, which answers the first research question.

thttps://developer.mozilla.org/en-US /docs/Mozilla/ Add-
ons/WebExtensions/Browser_support_for_JavaScript_APIs
2https://developer.mozilla.org
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The literature review conducted in chapter 2 helped immensely in answer-
ing the second research question in particular. Articles regarding keyboard
shortcut usage (Jorgensen et al., 2002), (Peres et al., 2005) as well as pointer
usage revealed human biases (MacKenzie and Guiard, 2001) that should be
considered when designing new keyboard shortcuts.

4.2.2 Data collection in the intervention phase

The action intervention in this research was conducted as an experiment.
For the experiment, a new piece of software was developed based on the data
collected in the diagnosis phase. The software, a browser extension adding
new keyboard shortcuts to the browser, was used by the participants in the
experiment. Then, the participants were interviewed by the researcher to
record the subjects’ experiences and capture their immediate responses to
the software.

The experiment was used to collect empirical, qualitative evidence for
answering research questions 2 and 3, as the first research question could be
answered based on literature and documentation alone. In the experiment,
5 participants were instructed to complete common tasks knowledge workers
face daily. Essentially, the experiment simulated two typical tasks: searching
the web for information and sending emails. First, they were explained what
the research is all about and what is the idea behind the experiment. Then,
they were instructed and walked through on how the browser extension is
installed. Finally, before beginning, they had a short period of time for
practicing before the actual experiment began.

It should be noted that the participants were in no way required to use
the extension’s features. They are explained how to use them and how it
works, but they could still complete all the tasks the traditional way — using
a mouse. A significant focus area in the experiment is to see if browser users
are open to trying out new keyboard shortcuts, in addition to discovering
how they work.

The experiment was organized remotely due to social distancing still tak-
ing place currently, in the summer of 2020. A video conference software
was used so that the participant could share their screen during the exper-
iment, allowing the researcher to observe their browser usage. Since the
video call and screen captures were recorded, the participants were asked
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for consent beforehand to ensure they were aware they were being recorded.
Since the participants shared their screens during the experiment and the
call was recorded, the researcher could also afterwards observe and analyze
the participants’ browser usage in detail.

Observations are especially beneficial in capturing “behaviours and inter-
actions that might not be noticed otherwise”, as explained by Seaman (1999).
In a usability study, this is extremely important, since the researcher may
notice things the participant does not pay attention to and may not mention
in the post-experiment interview. However, the field notes collected from
observation are not the primary source of data in this study. Rather, they
are used to triangulate and support the more structurally collected interview
data.

While usually the researcher is present in the same room the experiment
takes place in, being able to observe the experiment as it takes place, this was
not feasible during this study due to the COVID-19 pandemic. As remote
work recommendations were still in place, the observations were limited to
screen sharing and recordings of the experiment. Therefore, it was not pos-
sible for the researcher to actually see and observe the participants, but only
the actions they performed on their computers. This did limit the amount of
data that could be collected with this method. However, since this method
had a more of a supporting role in this study, the overall data collection
process was not affected significantly.

Semi-structured individual interviews were used to gain insights from the
participants’ experiences. This method allows collecting open-ended quali-
tative data about the user experience (Seaman, 1999). As opposed to the
quantitative methods developed by Chin et al. (1988) and Pearson and Bailey
(1980), qualitative methods such as interviews can record flexible, unforeseen
types of information (Seaman, 1999). This type of information is particularly
important in the early stages of experimenting with new interaction methods,
giving early indications if certain ideas are worth exploring more or not.

In this study, the interviews were done one by one over a video call, im-
mediately following the experiment. The interview followed a predetermined
structure and questions. It contained mostly open-ended questions as well as
some quantitative questions, asking the participants to rate certain aspects
on a fixed scale.
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The primary goal was to understand how the participants feel about using
the keyboard for tasks they have always performed with a pointing device.
In addition to this, the interview attempted to understand the participants’
prior relationship to keyboard usage, i.e. their level of “fluency” or expertise
when it comes to using a keyboard. Indicators of this would be their typing
abilities, the amount of shortcuts they utilise across different pieces of soft-
ware as well as their ability to learn and retain knowledge of new shortcuts.

4.3 Data analysis

4.3.1 Data analysis in the diagnosis phase

The goal of the data analysis in the diagnosis phase was to lay a solid founda-
tion for the intervention. Building a proper understanding of the functions
that would get tested in an experiment is a necessity, so that conclusions
can be derived from the experiment and the following interviews. Since an-
swering research question 1 was a prerequisite for answering the latter two
questions, the first step of the analysis was to investigate the nature of all
tasks that were identified earlier.

Determining which browser tasks can be performed with the keyboard
is relatively straightforward. For the most part, tasks either already have a
keyboard shortcut, or one can be created using the Javascript APIs browsers
reveal for web developers. Therefore, this classification is somewhat trivial.

Understanding which tasks should be performed with a keyboard is a
much more difficult undertaking. For this purpose, some kind of an assess-
ment framework needs to be developed. With the data collected during the
diagnosis phase, creating such framework was possible. Chapter 5 covers this
effort as well as the extensions implementation process in more detail.

Reviewing literature, documentation, and testing various browser func-
tions revealed a number of interesting factors ® that should be taken into
account when classifying browser tasks. All the discovered factors and their
variants were grouped and organized. Then, each task was investigated by

looking at each factor and assigning a value to them.

3meaning e.g. a function’s range of motion and other attributes related to a function

performed in a web browser
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However, this kind of a literature based assessment can only serve as a
hypothesis since a keyboard shortcut is only valuable if it is used. There-
fore, the experiment organized in the intervention produces the empirical
evidence that proves which tasks should be offloaded to the NP hand using
the keyboard. The hypotheses are depicted in table 5.1, where the ideal input
method is speculated for each browser task. Based on these expectations,
the tasks with potential are targeted in the intervention phase.

4.3.2 Data analysis in the intervention phase

As explained in section 4.2.2, the intervention took place as an experiment,
followed by interviews. The data collected from observations (during the
experiment) and interviews was originally in the form of field notes and
audio recordings. In order to better manage the collected audio data, it was
first transcribed to a text format.

Once the data was in text format, it could be simplified and reduced
by coding relevant parts of the text. Coding is used to extract variables
and quantitative values from qualitative data (Seaman, 1999). In this case,
the coding was done inductively, meaning codes were created and modified
as the coding process took place, as opposed to using a predefined set of
codes. Due to the exploratory nature of the study and the openness of the
interview structure, creating a complete list of codes to use would not have
been possible. Coding the interviews concluded the first phase of the data
analysis.

With the coding done, the extracted data was organized into themes and
broken down to a better organized, more hierarchical structure. This way, it
was possible to for instance identify patterns in participants’ shortcut usage
as well as more directly compare their answers.

74 was used

An open source qualitative data analysis software “Taguette
for the coding process. It allowed easy highlighting of relevant parts of the
text, as well as organizing the codes and documents in a convenient way. By
having all the quotes and codes in a digital format, organized by themes, it

was easier for the researcher to draw conclusions from the data.

‘https://www.taguette.org/



Chapter 5

Implementation

In order to offload certain tasks from the primary hand to the NP hand,
further investigation towards browsers tasks is required. This chapter goes
through all tasks, classifies them based on the ideal input method (i.e. key-
board or mouse), answering RQ1 and describing the requirements for the
browser extension developed later on. The extension will allow browser users
to execute the selected tasks with a keyboard. The implementation details

of the extension will be discussed at the end of this chapter.

5.1 Classifying browsers tasks

To answer RQ1, which browser tasks can be performed with the non-primary
hand, all browser tasks need to be assessed. Section 5.1.1 will discuss the
criteria based on which tasks will be assigned to be executed either with
a keyboard or a mouse. The criteria will be developed based on existing
literature. Then, section 5.1.2 will look at each task using the criteria and

assign them to either group.

5.1.1 Assessment criteria

The primary assessment criterion taken into account is the required range of
motion of a task. As explained by MacKenzie and Guiard (2001), NP hand
is best suited for more coarse, supporting actions and leading the way for
the primary hand, whereas the primary hand is best suited for detailed work

and minor adjustments. The identified tasks vary from one-off commands

23
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to extremely detailed mouse movements. Therefore, the values for the range
of motion criterion will be one of the following: “Not applicable (N/A)” for
one-off commands, “coarse (movement)”, or “fine (movement)”.

The second criterion is whether or not the task already has a keyboard
shortcut (KS) assigned to it. Having one assigned already indicates the
task has the potential to be performed with the keyboard and thus deserves
consideration. However, the pre-assigned KS may not be ideal and it may
require adjustments to make it more usable. As discovered by Peres et al.
(2005), constantly moving hands around the desk hurts users’ concentration
and feels inefficient. An ideal KS should exist close to the hand’s natural
placement and not require moving hands significantly. Considering all this,
the second criterion will have one of the following values: “KS does not
exist”, “KS exists, does not require adjustment”, or “KS exists, requires
adjustment”.

The final criterion determines whether or not the KS works better than
the mouse alternative. Even though a KS exist, it does not necessarily mean
it is the ideal way to perform an action. To assess this, both the KS and
original pointer-based method will be compared against one another and a
subjective judgment will take place to decide if the KS works well enough, or
at least seems to have the potential for it with some adjustments. The values
for the final criterion will be one of the following: “Mouse works better”, “KS
works better”, “With adjustments, KS could work better”. Even though the
assessment here is quite subjective, the point is not to make decisive or final
judgements. Rather, the idea is to simply determine if further investigation
should take place or not.

5.1.2 Classification

Given the assessment criteria, each task identified in section 2.4 will now be
judged. All results are presented below in table 5.1. Section 5.2 discusses
which tasks will be considered for being included in the browser extension. In
the next paragraphs, bold keywords indicate the task being discussed, and
cursive is used to indicate the values the currently discussed task receives for
each respective category of the assessment criteria.

Scrolling, as discussed already in section 2.1.2, is the textbook example
of “setting the frame of reference” in browser usage. It only requires coarse
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adjustments and multiple KSs exist already (see section 2.5.1). Unfortu-
nately, the existing shortcuts are not ideal, as they do not reside near the
natural placement of the NP hand. A better alternative could probably be
discovered and implementing one would not be difficult. With adjustments,
the KS could work better, and literature states this task should be offloaded
to the NP hand.

Clicking buttons and links on web pages is most typically done with
the mouse and it requires a high level of precision from the primary hand.
Due to this, this task gets fine movement in the first category. Nonetheless, a
combination of keyboard shortcuts can be used as a replacement. By default,
the “tab” key can be used to iterate selectable elements in a web page,
and “enter” key activates or clicks the currently selected element. This is
often quite laborious if there is a significant number of elements on the page,
since tab traverses the elements one by one. However, since KS support
is already in place, a more sophisticated shortcut could achieve the same
goal with less key presses. Therefore, this task receives KS exists, requires
adjustments for this category. At its current state, the mouse alternative
works significantly better. The right KS could, however, work quite well as
well. Due to this, the last category is With adjustments, KS could work better
and more investigation will take place later on.

Opening and closing tabs is a task that does not involve direct inter-
action with a web page. Rather, it is an internal browser function. This task
is clearly a one-off command and a very useful KS exists already. Since the
default shortcuts, “Control + T” and “Control + W” for opening and closing
tabs respectively, already reside towards the left-hand side of the keyboard,
no adjustment is needed and the KS is much easier to use than the button
in the toolbar.

Setting focus to elements is usually done with the mouse and requires
fine movement. It is possible to iterate through selectable elements with
“tab” key, so a KS does exist, but most of the time mouse is much easier to
use. Therefore, with adjustments a KS could work better.

Switching tabs is a one-off command. While tabs can be switched by
clicking them with a mouse, a useful K5 exists, “Control 4+ tab” which is quite
ideal due to its placement in the left-hand side of the keyboard. Therefore,
the KS works better in this case.
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Traversing browser history is a “one-off command” that can be ex-
ecuted in two different ways. Most browsers have arrow buttons in their
toolbars for this function. Also, it is possible to right-click anywhere on a
web page to open a menu, which also allows traversing back and forth in
browser history. Two different KSs do exist at least for Mozilla Firefox !,
“Alt 4 left arrow” and “Control 4 [”. The issue with both of these KSs is
that they require using both hands, whereas the right-click menu only re-
quires two consecutive clicks and no mouse movement at all. Due to this,
the mouse works better.

Using browser toolbar functions consists of several individual func-
tions that are placed in the browser’s toolbar. To be specific, the functions
that tend to exist in all browsers are “refresh page”, “home”, and “book-
mark page”. All of these are one-off commands, and shortcuts do exists.
The shortcuts in all major browsers are “Control + R”, “Alt + Home” and
“Control + D” respectively. Both the first and last shortcut are well suited
for being used with the NP hand since both the modifier and the action key
are placed towards to left-hand side of the keyboard. The “Home” function
is more challenging, since the home key does not always exist on smaller (es-
pecially laptop) keyboards, as depicted in figure 2.2, and the home key tends
to be placed towards the right-hand side of the keyboard on a fullsize office
keyboard (see fig 2.1), making it difficult to use with one hand. However,
since most of the toolbar functions can be used easily with shortcuts, the last
category is classified as KS works better.

Drag-and-dropping ? is an action requiring fine movement. It requires
a combination of pressing the left mouse button, holding it pressed, moving
the mouse to the desired target location and finally releasing the mouse
button. Due to the complex nature of the task, there is no KS. As it requires
pressing the mouse button and fine movement, it is definitely most suited for
the mouse.

Using sliders means adjusting the range slider input element 3. It re-
quires pressing and holding mouse buttons alongside fine movement with the
mouse, similarly to drag-and-dropping. As with clicking links and buttons,

Wersion 77.0.1
Zhttps://developer.mozilla.org/en-US/docs/Web/API/HTML_Drag_and_Drop_-API
3https://developer.mozilla.org/en-US/docs/Web/HTML/Element /input /range
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this task can be used with KSs. First, the slider element must be selected
by traversing through selectable elements with the “tab” key. Then, once
selected, the arrow keys can be used to adjust the slider value. However, this
task is better suited for the mouse due to it requiring precise movement. If
a task requires several or even dozens of key presses with a KS, it probably
should not be done with the keyboard.
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Table 5.1: Browser task classification

Task Range of Has KS Ideal input method
motion already?
Opening and closing N/A KS exists KS works better
tabs
Switching tabs N/A KS exists KS works better
Using browser toolbar N/A KS exists KS works better
functions
Traversing browser his- N/A KS  does Mouse works better
tory exists
Scrolling Coarse KS exists, With adjustments, KS could
requires work better
adjust-
ments
Clicking buttons and Fine KS exists, With adjustments, KS could
links on web pages requires work better
adjust-
ments
Setting focus to ele- Fine KS exists, With adjustments, KS could
ments requires work better
adjust-
ments
Drag-and-dropping Fine KS  does Mouse works better
not exist

Using sliders Fine KS exists Mouse works better
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5.2 Selecting tasks for offloading

Given the classification, the next step is to select which tasks to offload from
primary hand to NP hand. The classification helps here significantly. Those
tasks that work better with the mouse and did not seem to have potential for
being used with the keyboard should not be included. Also those tasks that
already work well with KS and do not need adjustments cannot be offloaded,
since they are not done with the primary hand to begin with. Therefore, the
following tasks are left:

e Scrolling
e Setting focus to elements

e Clicking buttons and links on web pages

The rest of this chapter discusses how the keyboard shortcuts were devel-
oped for these particular tasks, how the browser extension was implemented
and how it works.

5.3 Implementing a browser extension

This section explains briefly what browser extensions are, how the browser

extension was built and how it works.

5.3.1 The browser extension ecosystem

Browser extensions are a powerful way of extending a browser’s functionali-
ties in a modular way *. This means that browser users can plug in or remove
extensions, adding or removing a small piece of external functionality from
their browsers.

Browser vendors offer various APIs to third party developers, who are
granted access to certain parts of the browser’s internal functions as well
as the web pages. This allows them to interact with the web pages, add
new information, or remove some content. One common browser extension
category is ad blockers, which remove advertisement content from web pages.

4https://developer.mozilla.org/en-US/docs/Mozilla/ Add-ons/
WebExtensions/What_are_WebExtensions
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5.3.2 Why a new extension is needed?

There were essentially three possible options for adding new functionalities
to a web page. The first option would be a Javascript library that could
be imported to a website during development. The inherent issue with this
approach is poor scalability, since each and every site would need to adopt
the library.

Another option would be to fork an existing open source web browser
and add the shortcuts directly to the browser’s core. This would be very
laborious and it would be difficult to convince users to switch to a different
version if it is only for a few shortcuts.

Therefore, the only scalable solution is a browser extension, as that works
with every site. Another benefit this solution has is the cross-browser support
the WebExtensions API provides. This means that a single browser extension
will be mostly compatible with all major browsers with only minor changes

and adjustments.

5.3.3 Selected languages and architecture

Browser extensions are built with the same web-based technologies that
web pages are also built — HTML, CSS and Javascript. Due to personal
preference, this extension was written in TypeScript, which is compiled to
Javascript.

The source code for this extension is licensed with GNU General Public
License version 3 ® and it is publicly available in Gitlab ©.

Figure 5.1 shows an example of how the browser extensions relate to the
browser itself, the user, and various web servers on the Internet. The user
always interacts with the browser using the input devices they have at hand.
The browser is responsible for sending requests to different web servers to
retrieve resources and render them as web pages for the user. Extensions
then listen and react to changes in the web pages, content, or the user’s
interaction with the browser. This example has two extensions loaded — an
ad blocker and the extension built as part of this thesis. The ad blocker
would listen to all external resource requests, compare the locations of these

Shttps://www.gnu.org/licenses/gpl-3.0.en.html
Shttps://gitlab.com/coumbole/keyboard-scroller
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resources to known advertisement networks, and block resources that are
properly identified as ads. The shortcut extension on the other hand would
only listen to user’s key presses and cursor location, and execute the proper

commands that get issued with the keyboard.

[ Web server l

~

HTTP requests Web page EXte nsions
’ contents 3
» Ad blocker
Y
) < Listons for axternally loaded rosources
« » Browser Hidos / delols olomants detectod as nas
/ Interacts with «
User

L Shortcut extension

- Listens for key prosses
- Executes actions accordingly

Figure 5.1: Browser extension architecture

5.4 Designing KSs for the selected tasks

5.4.1 Scrolling

Implementing scrolling is likely the easiest case out of the three, since the
extension only needs to replicate existing behaviour on a different set of keys.
The problem with existing scrolling keys was that the only well placed short-
cuts, “space” and “Shift + space” always scroll by a whole screen, making
it difficult to follow the pace. Because of this, the new shortcut should limit
the amount of scrolling to less than this. Ideally the user could adjust the
amount of scrolling according to their personal preference. Nonetheless, the
default value should be less than a whole screen, but more than just a few

lines, as is the current case with the arrow keys.
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However, if the end goal is to improve upon the current situation, im-
plementing just scrolling will likely not be enough. One limitation current
scrolling shortcuts have is that they can only scroll the whole page, and not
smaller scrollable elements the page may include. To solve this the scrolling
can be targeted with the cursor, meaning the shortcuts will scroll the element
the cursor is currently on top of, if this element is scrollable. Otherwise, the
whole page will be scrolled as usual.

5.4.2 Focus selection

Using the keyboard to set focus to various elements on the web page is a
somewhat more complicated task, compared to scrolling. As discussed earlier,
setting the focus by repeatedly pressing the “tab” key is not a sustainable
solution.

The first thing to consider is what kinds of elements can gain focus at
all in the first place. The obvious choices are anchor elements (i.e. hyper-
links), buttons, and input element. Further investigation revealed that also

7 7 elements need to be focusable to access certain menus. Lastly,

» 8

“summary
elements with the “contenteditable” °® attribute set to true can gain focus.

During this process, it was discovered that there are browser extensions
already on the market that include keyboard based focus selection. One such
extension is “Tridactyl” ? which allows its user to use Mozilla Firefox with
similar key bindings one would use the text editor Vim with. Tridactyl’s
focus selection mechanism was benchmarked for this extension and it heavily
inspired the way focus selection ended up being implemented here as well.
In short, a certain KS is bound to activate focus selection. Once pressed,
the extension goes through all focusable elements and adds a marker, or a
hint, to each of them. This marker contains one to three characters, for
example “qqw”. Once focus selection is active and the markers are visible,
the extension listens for key presses from the user. If the user types in the
contents of one of the markers, the element under that particular marker
clicked. Figure 5.2 shows how focus selection works in Tridactyl.

Thttps://developer.mozilla.org/en-US/docs/Web/HTML/Element /summary
8https://developer.mozilla.org/en-US/docs/Web/HTML/Global_attributes/contenteditable
9https://addons.mozilla.org/en-US/firefox/addon /tridactyl-vim/
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Web technology for developers

L& b technology for developers|

The open Web presents incredible opportunities for developers. To take full advantage of these
technologies, you need to know how to use them. Below you'll find links to our Web technology

documentation

Documentation for Web developers

Alist of all references for Web technologies, including those for HTML, CSS, and so on.

eb Developer Guide|
The Web Developer Guide provides useful how-to content to help you actually use Web
technologies to do what you want or need to do.

[litorials for Web developers|
A list of tutorials to take you step-by-step through learning APls, technologies, or broad
topic areas.

febveloping Web applications|
Documentation for Web application developers; Web apps are true write-once, deploy
anywhere apps for mobile, desktop, and Firefox OS.

o

b
This is a quick list of useful code snippets (small code samples) available for developers of
extensions for the various Mozilla applications. Many of these samples can also be used in

EVLRunner applications, as well as in actual Mozilla code itself.

Web technology references

Reference material for each of the individual APIs that comprise the Web's powerful
scriptability, including the DOM and all of the related APIs and interfaces you can use to
build Web content and apps.

HyperText Markup Language is the language used to describe and define the content of a
Web page.

&S

Cascading Style Sheets are used to describe the appearance of Web content.

Scalable Vector Graphics let you describe images as sets of vectors and shapes in order
1o allow them to scale smoothly regardless of the size at which they're drawn

The Mathematical Markup Language makes it possible to display complex mathematical
equations and syntax.

Figure 5.2: Focus selection in Tridactyl extension

5.4.3 Clicking buttons and links on web pages

It became clear that clicking buttons and links is closely tied to the previous
task, focus selection. If a link is clicked without using the mouse, it needs
to be focused first somehow. Due to this, focus selection and clicking the
currently selected element are implemented as one feature as described in
the previous section.

5.4.4 Selecting key mappings

Due to the issues discussed in section 2.5.1 it was clear from the beginning
that the keys chosen for the scrolling shortcuts need to be near the natural
resting position of the left hand. After some experimentation, the “WASD”
keys where chosen due to their resemblance of the arrow keys and intuitive
placement. They are both easy to reach and convenient to press even whilst
holding modifiers.

However, these keys could not be used for scrolling on their own, since as
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alphanumeric keys they already have an important role — inputting letters.
Therefore, a modifier is also required to make the distinction between issuing
commands and typing text. The modifiers that could be used for this purpose
are “Control”, “Shift”, and “Alt”. The “Win” key (also known as “Super” or
“Command” key) is somewhat challenging placementwise, as it lies directly
under the palm when the index, middle, and ring fingers are placed on the
“WASD” keys.

In most browsers, “Control” key is already being used for several short-
cuts. “Control + s” is mapped for saving the currently open page as a file,
while “Control 4+ d” is used for bookmarking the current page. Ideally, the
modifier used here would not conflict with any existing key mappings. Sim-
ilarly, “Alt” already has a role of acting as the shortcut for the menu bar.
Pressing the key moves focus to the menu, and any following alphanumeric
keys will activate various menu items. Thus, only “Shift” was left. Fortu-
nately, it was not being used for any commands yet. Since the number of
features this extension implements is limited, shift will be used for all the
introduced shortcuts.

For activating focus selection, “Shift + f” was selected. There were several
suitable alphanumeric keys to pick from initially, as only “WASD” keys were
already picked. The easiest to reach keys were “q” and “e”, as they would
not require any side-to-side movement from left-hand fingers. However, the
“” key seemed easier to remember (f as in find links) and still quite natural
to reach.

The final aspect to consider was selecting the characters to be used in
the markers depicted in figure 5.2. While the Tridactyl extension uses all
letters from the alphabet, the same system would not transfer well to this
use case. Tridactyl aims for a completely mouse-free user experience, while
this extension only offloads certain functionality to the NP hand. Therefore,
only keys situated towards the left-hand side of the keyboard should be used
for marker characters. In the end, the four first columns of alphabetic keys
are used to build the markers. With the 12 characters and a maximum
marker sequence length of two characters, 144 markers can be built at once.
This is more than enough, since markers are only drawn for currently visible
focusable elements.
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Table 5.2: Keyboard shortcuts in the browser extension

Key combination Action

Shift + w Scroll up

Shift 4 a Scroll left

Shift + s Scroll down

Shift + d Scroll right

Shift + f Enable hinting mode

In addition to the shortcuts listed in table 5.2, other keys have functions
as well. The cursor plays an important role in scrolling by indicating the
element that needs to be scrolled. When the focus selection hints are toggled
on, alphabet keys are used to select elements. And similarly, when the hints
are on, any other key (not mentioned in the markers) will cancel the focus se-
lection immediately. Moreover, when holding Shift, the primary modifier for
this extension, a box listing the shortcuts and their explanations is displayed
in the bottom-right corner of the browser window.



Chapter 6

Results

This chapter covers the results discovered in this research.

6.1 Results from diagnosis phase

Classifying the browser tasks based on the assessment criteria revealed that
only few tasks could absolutely not be performed with the keyboard. There-
fore, focusing strongly on RQ1 alone turned out to not be that interesting
after all. By assessing the list of browser functions from section 2.4 it be-
came apparent that only the drag-and-drop functionality, which is somewhat
rarely used in web pages, could not be used with the keyboard at all. All
other browser tasks had a keyboard shortcut or a combination of key presses
that could be used.

However, further examination revealed that many tasks are in fact per-
formed using the mouse for a good reason — it is by far more intuitive and
natural in many cases. In preparation for the experiment, the tasks that

seemed most likely to work with a KS as well were flagged.

6.1.1 Answering research question 1

RQ1: Which browser tasks can be performed with the non-primary hand?

Each of the following browser tasks can be completed with a keyboard as of

now, without any modifications or additions to the browser.

e Opening and closing tabs
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