
Comparing Chords, Hotkeys, and Toolbars
for Mobile Command Selection

Cameron Beattie
University of Saskatchewan

Canada
cameron.beattie@usask.ca

Yen-Ting Yeh
University of Saskatchewan

Canada
allen.yeh@usask.ca

Andy Cockburn
University of Canterbury

New Zealand
andy@cosc.cantebury.ac.nz

Carl Gutwin
University of Saskatchewan

Canada
gutwin@cs.usask.ca

(a) Letter chords (b) SoftCuts (c) Three-layer toolbar (d) One-layer toolbar

Figure 1: Four command entry techniques. (a) Letter chords: commands are selected by pressing two keys that have the same
colour. (b) SoftCuts: commands are selected by pressing the modifier key (in grey) and one of the coloured keys. (c) Three-layer
toolbar: command are selected by navigating to the correct layer using the < and > buttons, then tapping the command
icon. (d) One-layer toolbar: commands are selected by tapping the command icon. ? buttons represent placeholder icons.

Abstract
Users frequently need to enter both text and commands on mobile
devices, and these commands can be selected in several ways. Pre-
vious research suggests that keyboard shortcuts are substantially
faster for command selection than GUI components such as menus
or toolbars, but these studies tested desktop rather than mobile
environments. It is possible that some of the factors that lead to the
advantage of keyboard shortcuts in desktop settings do not have as
large an effect in mobile interfaces. To better understand the perfor-
mance of these mechanisms in mobile typing tasks, we carried out
a study (N=120) that compared four command-selection methods: a
chording technique, a hotkey technique, and two types of onscreen
toolbar (one that required navigation actions, and one in which all
commands were visible). Results showed that in both a training
game and a phrase-typing task, the toolbar with visible commands
was substantially faster than the keyboard-based techniques; how-
ever, the toolbar that required navigation actions was slower than
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all other methods. Our study shows that the performance advan-
tages of keyboard shortcuts do not necessarily translate to the
mobile context, but also shows that toolbar performance is strongly
determined by the number of navigation actions.
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1 Introduction
In many mobile systems, people need to select commands while
they are entering text. For example, a user might select commands
to change the text style, to save the document, or to adjust the
zoom level, all interleaved with typing text on the soft keyboard.
Traditional design principles from desktop systems suggest that
commands can be selected either using GUI controls such as tool-
bars and menus, or with shortcuts such as gestures or keyboard
hotkeys [10, 31, 41]. For mobile devices, which of these strategies
is best? Previous studies in HCI have shown that for physical key-
boards, selecting commands with hotkeys is substantially faster
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than with GUI controls (e.g., [10, 31]). There are two main reasons
for this performance advantage. First, if the user’s hands are on the
keyboard in order to enter text, then it takes time to move one hand
to a pointing device such as the mouse [10]. Second, more actions
are often required for visual navigation through GUI controls (if the
target command is not currently visible [45]) compared to simply
pressing the keys of a hotkey.

However, previous studies comparing hotkeys to GUIs have
focused almost entirely on desktop environments; and although
shortcut techniques have been developed for mobile touchscreen
devices (e.g., [1, 25, 26]), these have not been tested against the
toolbar-based interfaces that are available in mobile applications
(e.g., Figure 2). It is therefore not clear whether shortcuts will also
be faster than GUI controls on mobile devices.

The traditional performance advantages of keyboard shortcuts
may not be as large for mobile devices. First, operating a GUI control
on a mobile device does not require that the user move their hand
from the keyboard to a pointing device, since onmobile, both typing
and GUI controls are operated with the same digits. Second, the
distance to GUI controls is relatively small on mobile systems,
particularly when the toolbar is located directly above the keyboard
(the most common layout on mobile platforms). Therefore, it is
possible that GUI controls could perform better in a mobile context.

To explore this possibility, we carried out a study that compared
performance with two types of mobile shortcuts to GUI toolbars.
The first mechanism, called Letter Chords [8], uses chorded letter
keys to select commands (Figure 1 (a)). The second mechanism,
SoftCuts [15, 16], is a direct translation of traditional hotkeys to the
mobile context, with a modifier key plus a command key (Figure
1 (b)). We compared these shortcut mechanisms to two kinds of
GUI toolbar placed above the keyboard: a three-layer toolbar that
requires navigation actions to reach some of the commands (Figure
1 (c)), and a one-layer toolbar in which all commands are visible,
so that no navigation is required (Figure 1 (d)).

The Letter Chords technique is novel, and there is little infor-
mation available about how to design chords for mobile keyboards.
Therefore, we first carried out a design study to compare the usabil-
ity of chords with different horizontal spacing, keyboard row, and
side of the keyboard. This study provided a set of guidelines for the
development of effective chords for the main performance study.

The main study was a between-participants online experiment
(N=120) that included two phases: first, a training game that helped
participants learn how to use the chords, the SoftCuts hotkeys, or
the toolbars to select text-styling commands; and second, a typing
task where participants typed phrases that contained several words
with different styles. We measured trial time, command time, and
errors for the game phase, and typing speed, command time, and er-
rors for the typing task. Our main research questions were: how the
two shortcut techniques compared to the toolbars; which shortcut
technique was better; and how the three-layer toolbar compared to
the one-layer toolbar.

The main study’s results showed that for both the training game
and the typing task, the one-layer toolbar was fastest. For the game,
command selection time was between 347ms and 459ms faster than
with the other mechanisms (27%–36%). For the typing task, both
command selection time and typing speed were better with the

Figure 2: GUI toolbar in Android Notes. Left: to change the
text style, the user taps A to view the Styles toolbar. Middle:
the user taps I to choose Italics. Right: to choose Underline,
the user swipes the toolbar right and taps U .

one-layer toolbar (command selection was 13%–53% faster, and
typing speed was 13%–24% higher).

However, the comparison between one-layer and three-layer
toolbars showed that the additional navigation actions of the three-
layer toolbar led to substantially slower performance (worse than all
of the other techniques). This result suggests that the performance
of mobile toolbars is strongly dependent on the number of actions
needed to select a command, and if even one navigation action is
required before command selection, shortcut mechanisms can be a
viable alternative.

Overall, our work provides valuable new information about the
design of command selection techniques for mobile text-entry sce-
narios: we demonstrate that GUI controls such as toolbars can be
a fast choice depending on the availability of the command, and
that previous results about the performance advantages of key-
board shortcuts do not necessarily translate to the mobile context;
however, we also show that mobile designers should carefully con-
sider the number of navigation actions that are needed to select
commands from keyboard toolbars.

2 Related Work
There are many ways to issue commands during text entry. In desk-
top text editors, command entry is typically performed through
toolbars and hierarchical menus, which require visual search and
navigation, or through hotkeys that rely on memorized key combi-
nations. Onmobile devices, command entry in text editing primarily
relies on toolbar-based touch controls and contextual interface ele-
ments, requiring users to navigate interface components to access
editing operations. These approaches differ in the extent to which
they rely on visual guidance versus learned recall.

High-performance interaction techniques typically improve com-
mand performance through one or more of three strategies: reduc-
ing the number of steps required, reducing the time taken per step,
or allowing steps to be executed in parallel [7]. Many techniques
reduce steps by replacing hierarchical navigation with memory-
based retrieval, as seen in keyboard shortcuts, command aliases, and
expert-mode systems [7, 8, 22, 38, 47]. Others reduce step time by im-
proving target access with techniques such as command maps, split
menus, pop-up menus, and target relocation methods [22, 45, 46]. A
third strategy is to parallelize interaction by combining command
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selection with action initiation, as in Toolglasses and FlowMenus,
or through bimanual and multitouch input techniques [7–9, 23].

2.1 Shortcuts on Mobile Devices
Mobile devices present a different design space for shortcut inter-
action than desktop systems because of limited screen space, direct
touch input, and the absence of persistent peripheral input devices
such as keyboards and mice. As a result, many shortcut techniques
for mobile focus on preserving expert performance while minimiz-
ing occlusion, navigation overhead, and mode switching.

2.1.1 Multi-finger input. Many mobile shortcut techniques use
multitouch to expand the command vocabulary beyond single-point
touch. For example, FastTap uses thumb-and-finger combinations to
invoke a spatially stable grid overlay for rapid command selection
on tablets [25]. Finger-count menus similarly use the number of
touching fingers to select commands, enabling rapid expert access
without traversing hierarchical menus [3, 4]. Other work extends
this idea through finger-based 3D gestures, where finger posture
and movement encode menu commands [30].

2.1.2 Marking menus. Another major direction adapts gestural
shortcuts formobile devices. Several systems extendMarkingMenus
to touchscreens by allowing users to issue directional gestures in-
stead of navigating menus [6, 18, 58]. One approach uses a near-
surface version of marking menus to support bimanual interac-
tion on mobile devices [24]. These approaches preserve the expert
advantages of desktop marking menus while addressing mobile
constraints such as finger occlusion and limited display area.

2.1.3 Gestures. Gesture-based techniques provide another way
to reduce command-selection overhead on mobile devices by re-
placing explicit interface navigation with memorized strokes or
directional input. Several systems support text editing directly on
or near the soft keyboard, including gestural commands for cur-
sor movement, selection, and clipboard operations [19, 57]. Other
work has explored elicited mobile command gestures [32], large
command vocabularies through gesture recall [29], and shortcut
systems inspired by desktop hotkeys [44]. Costagliola et al. similarly
proposed a gestural editing technique for touchscreen text editing
and found that it outperformed traditional widget-based interac-
tion when text size was large enough to support reliable gesture
execution [11]. While gesture techniques can improve efficiency,
they often require users to learn and recall gesture vocabularies.

2.2 Hotkeys
Keyboard shortcuts (i.e., hotkeys) are a well-studied technique that
can substantially reduce command-selection time. Researchers have
studied several aspects of hotkey use, including overall performance
gains [31, 48], strategies for encouraging users to switch to hotkeys
(e.g., [5, 21, 22, 38, 47]), and adapting hotkeys to other settings such
as virtual reality [28] or soft keyboards [15].

One limitation of hotkeys is that they require pressing a modifier
key (such as Control), forcing users to move their hand from a
natural typing position in order to reach the modifier. Previous
work has shown that modifier use can slow command selection,
motivating techniques that avoid modifiers (e.g., single command
keys without modifiers was shown to be 200ms faster per selection

than modifier-based commands [7]). Similarly, CtrlMouse moved
the modifier to a mouse button, with users preferring mouse-based
modifiers in tasks with more pointing actions [43].

2.2.1 Hotkeys on mobile devices. Mobile devices do not commonly
provide physical modifier keys to support hotkeys. Prior work
has therefore explored adding modifier functionality to soft key-
boards to enable command execution without relying on hierarchi-
cal menus or toolbars [14–16]. SoftCuts introduced modifier-based
shortcuts on mobile by using multitouch input to activate com-
mands directly from a soft keyboard. Rather than requiring users
to memorize shortcuts in advance, SoftCuts reveals available com-
mand mappings when the modifier key is activated, allowing users
to leverage spatial memory during selection. The technique sup-
ports three input methods: user-maintained interaction, in which
the modifier key is held while pressing a command key; two se-
quential taps, where the modifier and command keys are tapped
consecutively; and sliding gestures, where users drag from the mod-
ifier key to the target command. Among these, two sequential taps
produced the best performance. However, the evaluation of Soft-
Cuts did not directly compared it against common mobile methods
such as toolbars.

2.3 Chording
Keyboard-based chording involves pressing two or more keys si-
multaneously to select an input that is different from either of the
individual keys. Chording keyboards have been explored since the
1950s [40] and have appeared in many HCI contexts, including the
Augment/NLS system [13] andWesterman’s work which influenced
multitouch input on the iPhone [50].

2.3.1 Chording for text entry. Chording techniques have been de-
veloped for both one-handed and two-handed text entry. One-
handed devices include Engelbart’s five-switch keyboard, capable
of 31 states [13], and commercially-available devices such as the
Twiddler keyboard [35]. Two-handed chording keyboards, such as
stenography systems, allow users to enter phonemes rather than
individual letters on a 22-key layout, achieving speeds up to 375
words per minute [52]. Chording has also been applied to mobile
devices. On mobile keypads, chording methods achieved compara-
ble choice reaction times and error rates relative to conventional
single-key input [34]. Concurrent chording techniques for mobile
text entry significantly outperformed variations of MultiTap [51].
Wu and colleagues explored mobile chording keyboards with multi-
ple characters per key, introducing techniques such as MagArea and
MemoryTap [55, 56], showing improvements in speed and errors.

2.3.2 Chording for command selection. Chording is also a high-
performance mechanism for command selection. On traditional
keyboards, modifier-based hotkeys are a form of chording, while on
touchscreens, multi-finger techniques such as Finger-Count Menus
[4] and FastTap [25] use simultaneous inputs to select commands.

Au and colleagues’ DownChords and UpChords proposed using
chords of 2-4 letter keys to select commands, and designed variants
that worked on both key-down events (DownChords) and key-
up events (UpChords) [2]. Their studies showed that key-overlap
timings could be used to reliably differentiate chords from regular
typing. Multi-finger chording has been applied to tablets, with
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structured chord-command mappings supporting short- and long-
term retention [49]. FingerArc and FingerChord leverage hand
posture recognition to enable secondary finger movements for
related shortcut selection [59].

More recently, Beattie et al. showed that desktop command entry
can be accelerated by mapping commands to two-key Letter Chords
on standard keyboards, avoiding modifier keys while preserving
typing posture. In this technique, commands are issued by pressing
two standard keys simultaneously, with chord assignments derived
through a keyboard design study. Letter Chords were shown to be
200ms faster than hotkeys in tasks with intermixed command exe-
cution and typing [8]. This technique offers another memory-based
approach to command entry by allowing users to press multiple
keys simultaneously rather than sequentially like hotkeys.

Ghomi et al. examined the biomechanics of touchscreen chords,
finding that users prefer relaxed chords with fewer fingers and
avoid patterns that require lifting one finger while adjacent fingers
remain in contact [20]. Based on these insights, they proposed
biomechanically informed chord-design guidelines and introduced
Arpège, a dynamic system providing feedforward and feedback to
support chord learning.

2.4 Toolbars
Research on toolbar design has explored how layout and inter-
action mechanics affect efficiency and usability. Michalski et al.
examined user preferences for vertical graphical toolbars, analyz-
ing how panel location, configuration, and target size influenced
task efficiency and satisfaction [39]. Lee et al. proposed a “tool ball”
mechanism operated by the mouse wheel, which reduced on-screen
icon clutter, expanded mouse-wheel functionality, and accelerated
task performance [33].

Other work has examined how toolbar adaptation influences
feature awareness and discoverability. Findlater et al. investigated
personalized toolbars, showing that while personalization can im-
prove efficiency for familiar tasks, it may reduce overall feature
awareness and negatively affect performance on unfamiliar tasks
[17]. Similarly, Wogalter et al. found that although icons contribute
to GUI usability, multiple other interface factors affect how users
locate and interpret commands [54].

Research has also explored higher-level command organization
across interfaces and devices. Darejeh et al. studied ribbon inter-
faces, using two usability evaluations to iteratively improve visual
and cognitive aspects of grouped toolbar design [12]. Majrashi
et al. examined multi-device menu interfaces, finding that consis-
tent menu item order across devices improves learning efficiency
and reduces workload, while layout differences have little effect
on post-transition performance [37]. Together, these studies show
that toolbar design involves balancing efficiency, discoverability,
cognitive load, and consistency across interaction contexts.

3 Letter Chords Design Study
Although implementation details for mobile toolbars and hotkeys
have been examined in prior work (e.g., [15, 16]), there is little
information available to guide the design of keyboard-based chord-
ing techniques for command selection (and the limited previous

Figure 3: Interface used in Letter Chords design study. The
chord to enter was displayed at top centre, and the required
chord keys were coloured green on the custom soft keyboard.
Non-chord key presses were coloured grey.

work has focused on desktop devices [2, 8]). To provide this under-
standing, we carried out a crowd-sourced study that tested user
speed and accuracy with several types of chords on mobile devices.
Participants completed the study on their own mobile web browser.
See Figure 3 for the design study interface.

3.1 Design Study: Letter Chord Dimensions
We limited our study to two-letter chords, as most users type on
mobile devices with two thumbs [27, 42]. We identified three dimen-
sions along which two-letter chords vary and tested representative
chords for each (66 total):

• Horizontal spacing. The number of keys between letters (e.g.,
j k has spacing 0, while j l has spacing 1). We

tested spacings from 0–8.
• Chord row. Chords can use keys on the same row (e.g., t

u ) or different rows (e.g., r j , u n ).
• Keyboard side. We tested chords on the left side (e.g., a

d ), right side (e.g., j p ), and across both sides (e.g.,
e i ). Although input was unconstrained, we assumed

most chords would be entered with two thumbs.

All tested chords and their dimensions are provided in the sup-
plementary material.

3.2 Design Study: chord entry task
Participants entered each of the test chords multiple times, over
three blocks. For each trial, the system showed the target letter
chord and also coloured the required keys on the mobile keyboard
(Figure 3). This method of cueing the task focuses on the physical
execution time for entering the letter chord, and does not involve
any learning or retrieval of the chord from memory.

Participants were instructed to press the indicated letters simul-
taneously, as quickly and accurately as possible. A chord was con-
sidered successful when the required keys were pressed at the same
time. Chord order was randomized before each block, and incorrect
keys were shown in grey. Trials timed out after five seconds.
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After the task, participants rated the difficulty of each chord on
a 7-point scale and could provide optional comments.

3.3 Participants, Procedure, and Design
Thirty participants (12 men, 18 women; mean age 36.6) were re-
cruited through Prolific. Participation was restricted to adults with
a task approval rate of at least 90% to improve data quality; survey
responses were also checked for inattentive behaviour. No partici-
pants were excluded.

After consent, demographics, and instructions, participants com-
pleted the chord-entry task and rated the difficulty of each chord.
Ethical approval was granted by the University of Saskatchewan.

The study used a within-participants exploratory design to in-
vestigate the differences between various letter chords in the cate-
gories described above. Factors and levels were: Horizontal spacing
(0 to 8); Chord row (top, middle, bottom, top-middle, top-bottom,
middle-bottom); and Side of Keyboard (left, right, both). Dependent
variables included performance measures (completion time and
incorrect keys) and subjective ratings of difficulty for each letter
chord. Participants completed 198 trials (66 letter chords× 3 blocks);
with 30 participants, there were 5,940 trials observed in total.

3.4 Design Study: Results
The following sections report on each of the chord dimensions
introduced above. Charts show mean completion times, mean error
rates (based on the number of incorrect keys pressed), and mean
participant difficulty ratings; error bars show 95% confidence in-
tervals across all trials. All letter chords tested are provided in the
supplementary materials.

3.4.1 Horizontal Spacing. Figure 4 shows results for chords with
horizontal spacing from 0 (adjacent keys) to 8 (opposite sides of the
keyboard). Zero-spacing chords (e.g., g h ) had high completion
times, error rates, and timeout rates because users’ thumbs often
obstructed each other, making these chords difficult to enter. Due
to these skewed results, subsequent analyses exclude zero-spacing
chords. Overall, chords with spacing of 2–4 keys had the fastest
completion times, while zero- and one-key spacing produced the
highest error rates and worst user rating.

3.4.2 Chord Row. Figure 5 compares chords across row combina-
tions. Completion times were similar across rows, ranging from
913ms (middle-bottom) to 1017ms (top-middle). Same-row chords
produced higher error rates and worse ratings than mixed-row
chords, although this may partly reflect the inclusion of one-space
chords.

3.4.3 Side of Keyboard. Figure 6 compares chords on the left side,
right side, and both sides of the keyboard. Chords using both sides
had the fastest completion times, lowest difficulty ratings, and low
error rates. Left-side chords also performed well, while right-side
chords were substantially slower, produced more than twice as
many errors, and received the worst ratings.

3.4.4 Summary. Overall, the design study provides useful guide-
lines for letter chords on mobile devices: chords should have a
spacing of 2, 3, or 4 keys; chords can use any combination of rows;
and chords should use either both sides of the keyboard, or the

left side. We used these results to inform the design of the Letter
Chords condition in the main study (described next) comparing
several command-selection techniques.

4 Performance Study of Command Techniques
The goal of the second study was to assess the performance of four
command-selection techniques (Letter Chords, SoftCuts, a Three-
Layer toolbar, and a One-Layer toolbar) for typing scenarios on
mobile devices. The study included two phases: a training game
in which participants practised four text-styling commands with
one of the command techniques; and a phrase-typing task in which
participants typed text and entered styling commands to match a
target phrase. The study was implemented as a P5JS web application
that presented trials and logged participant actions (see Figures 7).

4.1 Command-Selection Techniques
The techniques described below were used to select four styling
commands (Bold, Italic, Underline, Highlight) in the two phases of
the study (summarized in Table 1).

• Letter Chords. Style commands were issued by pressing two-
letter chords, with letter combinations chosen based on the
design guidelines described above. Four chord pairs were
assigned to four style commands, with two additional chord
pairs as placeholder commands to match the number of
commands in the Three-Layer Toolbar. The chord keys were
visually highlighted on the soft keyboard. See Figure 1 (a).

• SoftCuts. The SoftCuts technique was implemented as de-
scribed in previous work [16]. We chose to implement the
user-maintained input technique because it best matches
desktop hotkeys. The mobile keyboard included a modifier
key mod that enabled hotkey-style shortcuts similar to desk-
top hotkeys. When the modifier key was pressed and held,
six style keys were highlighted on the keyboard: four keys
issued style commands, and two additional keys served as
placeholders to match the number of commands in the Three-
Layer Toolbar. Pressing these keys when holding the mod
key issued a command. See Figure 1 (b).

• One-Layer Toolbar. Six icons were displayed on a toolbar lo-
cated directly above the soft keyboard; all icons were visible
at all times. Four icons issued style commands, while two
additional icons served as placeholders (shown as ? ) to
match the number of commands in the Three-Layer Toolbar.
Participants could tap an icon to turn on or turn off a style.
See Figure 1 (d).

• Three-Layer Toolbar. Six icons were distributed across three
toolbar layers. Layer 1 contained the icon for Bold B , a
placeholder icon, and a navigate-right icon > . Layer 2
contained a navigate-left icon < , an icon for Italics I ,
a placeholder icon, and a navigate-right icon. Layer 3 con-
tained a navigate-left icon, the Underline icon U , and the
Highlight icon H . Placeholder icons were included in this
condition to equalize the number of command icons per level.
See Figure 1 (c).
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Figure 4: Horizontal Spacing. Left: completion time. Middle: error rate. Right: user difficulty rating.

Figure 5: Chord Row Combination. Left: completion time. Middle: error rate. Right: user difficulty rating.

Figure 6: Side of Keyboard. Left: completion time. Middle: error rate. Right: user difficulty rating.

Technique Bold
(Blue)

Italic
(Green)

Underline
(Orange)

Highlight
(Pink)

1-Layer Tool. B I U H

3-Layer Tool. B L1 I L2 U L3 H L3
Letter Chords D H F J C N E Y

SoftCuts mod H mod J mod N mod Y

Table 1: Performance study: Command Mechanisms.

4.2 Phase 1: Training game
We built a simple game in which styled words fell from the top of
the screen, and the participant had to enter the style command and
type the word before the word passed the bottom of the screen. In
the example shown in Figure 7 (left), a participant would first enter
the command for Highlight (by pressing e and y ) and then
type the word. The speed of the falling words was set so that the
word was on screen for five seconds regardless of display size.

The game randomly chose words from a predefined list of three-
letter English words, and randomly applied one of five formats (the
four styles noted above, as well as plain text). Participants were
required to complete 120 styled trials to complete the training.

4.3 Phase 2: Phrase-typing task
After they had successfully completed the game, and after taking a
short break, participants moved to a phrase-typing task in which
they typed phrases where some of the words had a style, using
the same four styles as in the game (Figure 7). Participants had
to both turn the style on (before typing the word) and off (after
typing the word). Our phrase set had phrases with the following
characteristics: 16-20 characters (mean 18.48), 5 words per phrase,
and 2-5 characters per word (mean 3.7) [36].

To ensure a similar distribution of navigation levels in the three-
layer toolbar, styles were assigned as follows: 20 zero-navigation
commands (0-Nav), 17 one-navigation commands (1-Nav), and 23
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Figure 7: Example study interfaces. Left: game UI with Letter
Chords. Right: phrase-typing UI with Three-Layer Toolbar.

two-navigation commands (2-Nav). The same phrase set and style
assignments were used across all techniques.

Turning a style off in the three-layer toolbar was always a 0-
navigation selection. Participants were not required to turn off the
style for the final word of a phrase, resulting in 50 0-Nav style-off
commands. Participants typed 25 phrases; feedback about what the
user had typed was shown immediately below the target phrase.

4.4 Procedure and Participants
The study system presented the styling game, phrase-typing tasks,
and questionnaires, and recorded all study data. Participants first
completed informed consent and demographics forms, and were
assigned to a between-participants technique group (either Letter
Chords, SoftCuts, One-Layer Toolbar or Three-Layer Toolbar); they
were then shown an instruction page that explained the game and
phrase-typing tasks. They then completed the two parts of the
study. Following the phrase-typing tasks, participants completed a
questionnaire for that condition based on the NASA-TLX, but with
two additional questions asking about the technique’s accuracy and
speed. Ethical approval was provided by the ethics board of the
University of Saskatchewan.

120 new participants (47 men, 72 women, 1 undeclared, mean
age 33.2) were recruited through Prolific; participation was again
restricted to people over 18, and required a 90% or higher task
acceptance rate. No participants were removed from the analysis
for answering the same way on all questionnaire questions.

4.5 Study Design
The study used a between-participants factorial design with factors
Technique (One-Layer Toolbar, Three-Layer Toolbar, Letter Chords,
SoftCuts) and Block (1-5). The two phases (Game and Phrase Typing)
were analysed separately. In addition, to better understand the
effects of the number of navigation actions in the Three-Layer
Toolbar condition, we carried out additional analyses comparing
the three levels of navigation (0-Nav, 1-Nav, and 2-Nav) to the
other conditions. This allowed us to compare the keyboard-based
techniques to toolbars with different amounts of navigation.

Dependent variables for the game phase were trial time, com-
mand selection time, and subjective ratings from the post-task
questionnaire. For the phrase-typing task, measures were typing
speed, command selection time, and subjective ratings. There were
30 participants in each condition (120 total), with each completing
120 styled words in the game and 25 phrases in the typing task.

4.6 Performance Study Results
Analyses are organized below by study phase and dependent vari-
able. Effect size for significant ANOVA results is reported as gen-
eralized eta squared (𝜂2). Completion time data for the different
techniques did not have equal variance (Levene’s test 𝑝 < .05), so
ANOVA and follow-up tests use log-transformed data; follow-up
tests were corrected using the Holm-Bonferroni method.

Game trials with a trial time over 9000 ms (based on pilot tests to
determine a reasonable range for task completion) were removed
from the dataset, as were trials with trial times over 3 standard
deviations from the mean, in each technique and block combina-
tion (1047 of 16335 game trials were removed – 6.4%, 755 of 17647
commands in the game were removed – 4.3%). In the phrase task,
we removed trials where typing speed was outside of 3 standard
deviations from the mean in each technique and block combination
(12 of 2997 phrase trials were removed – 0.4%, and 392 out of 16289
commands – 2.4%). In all charts below, error bars show 95% confi-
dence intervals; in all violin plots, tails of the violins are trimmed
using ggplot defaults. Most charts show both the overall mean time
for the Three-Layer Toolbar, as well as means for each amount of
navigation (0-Nav, 1-Nav, 2-Nav). ANOVA tables show the results of
our primary analyses (using the four levels of factor Technique), but
for significant main effects, we also include pairwise comparisons
between the individual navigation levels of Three-Layer Toolbar
and the other conditions.

4.6.1 Game Phase. Trial time for the game measured the time
to issue the style command type the word, including the time to
correct any errors. Figure 8 summarizes the trial time results, and
Table 2 (top) summarizes findings from the two-way ANOVA, re-
vealing significant effects of Technique and Block, as well as a
significant interaction. The main findings are that the One-Layer
Toolbar (2412 ms) and the 0-Nav trials with the Three-Layer Tool-
bar (2484 ms) were fastest, showing significantly lower times than
Letter Chords (2887 ms), SoftCuts (3136 ms), and the Three-Layer
Toolbar when one (3390 ms) or two (3246 ms) navigation actions
were required. Letter Chords was also significantly faster than both
1-Nav and 2-Nav levels of the Three-Layer Toolbar.

Command time was measured as the time from the end of
the previous action to the selection of the next correct command;
this included navigation time in the Three-Layer Toolbar. Figures
9 and 10 summarize the mean command time for each condition
(including separate representations for the overall mean of the
Three-Layer Toolbar as well as individual means for 0-Nav, 1-Nav,
and 2-Nav trials) Table 2 (middle) presents the results of a two-way
ANOVA, revealing significant effects of Technique and Block, as
well as a significant interaction. As shown in Figure 10, the main
difference over the five blocks of the study is that performance with
Letter Chords was worse to begin with, but increased more quickly
than the other techniques.
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Figure 8: Game Mean Trial Time ± 95% CI, by Technique
(numbers inside violins show mean time in ms).

Themain findings are that One-Layer Toolbars (command time of
1265 ms), and the 0-Nav trials in the Three-Layer Toolbar (1287 ms)
were the fastest techniques, showing significantly lower times than
Letter Chords (1686 ms), SoftCuts (1612 ms), and the Three-Layer
Toolbar when one (1979 ms) or two (1906 ms) navigation steps were
required. Letter Chords and SoftCuts were also significantly faster
than both 1-Nav and 2-Nav trials in the Three-Layer Toolbar.

Figure 9: Game Command Time ± 95% CI, by Technique.

Figure 10: Game Command Time ± 95% CI, by Block.

Errors were measured as the number of times participants se-
lected an incorrect style per trial (but did not count regular typing

mistakes). Figure 11 shows the number of errors per trial, and Ta-
ble 2 (bottom) summarizes findings from the two-way ANOVA,
revealing significant effects of Technique and Block, as well as a sig-
nificant interaction. Overall, Letter Chords (0.02) had significantly
fewer errors than both the One-Layer Toolbar (0.05) and SoftCuts
(0.08). The Three-Layer Toolbar (0.02) also had fewer errors than
SoftCuts, and the 1-Nav and 2-Nav levels of the Three-Layer Toolbar
had fewer errors than the One-Layer Toolbar.

4.6.2 Phrase-Typing Task. Typing speed in characters per second
(CPS) was measured as the number of correct characters typed
divided by the total trial time (including time to correct errors).
Figure 12 summarizes the typing speed results, and Table 3 (top)
summarizes findings from the two-way ANOVA, revealing sig-
nificant effects of Technique and Block, as well as a significant
interaction. Pairwise analysis showed that the One-Layer Toolbar
(1.24 CPS) had higher speed than the Three-Layer Toolbar (1.0 CPS).
Letter Chords (1.1 CPS) and SoftCuts (1.06 CPS) were slightly faster
than Three-Layer, although these differences were not significant.

Command time for the phrase task was again measured as the
time between the end of the previous action and the selection of
the next required command. Figures 13 and 14 summarize these
results, and Table 3 (middle) summarizes findings from the two-way
ANOVA, revealing significant effects of Technique and Block, as
well as a significant interaction.

Pairwise tests showed that the One-Layer Toolbar (1218 ms),
Letter Chords (1373ms), SoftCuts (1538ms) and 0-Nav commands in
the Three-Layer Toolbar (1349 ms) were faster than 1-Nav (2098 ms)
or 2-Nav (2157 ms) commands in the Three-Layer Toolbar. The One-
Layer Toolbar was also significantly faster than SoftCuts.

We also examined differences between commands used to turn a
style On and those used to turn the style Off. Figure 15 shows these
results (note that in the Three-Layer Toolbar, all Off commands re-
quired no navigation since they were already visible). Performance
was similar across On and Off actions for Letter Chords and the
One-Layer Toolbar; but for SoftCuts, On commands were slower
than Off commands.

Errors were measured as the rate of extra commands issued
per required command. For this analysis, we cannot separate the

Figure 11: Game Errors/Command ± 95% CI, by Technique.
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Game Trial Time
Factor DF (n,d) F p 𝜂2

Technique 3, 116 1.82e+01 9.12e-10 0.29
Block 4, 696 2.73e+02 2.41e-120 0.26

Techn. × Block 12, 464 4.23 2.33e-06 0.016
Pairwise Contrasts for Technique:
1-Layer < Letter Chords, SoftCuts, 3-Layer, p<.005
Pairwise Contrasts split by required navigation:
0 Nav, 1-Layer < Letter Chords, SoftCuts, 1 Nav, 2 Nav, p<.005
Letter Chords < 1 Nav, 2 Nav, p<.05

Game Command Time
Factor DF (n,d) F p 𝜂2

Technique 3, 116 3.09e+01 9.61e-15 0.36
Block 4, 464 1.27e+02 5.74e-73 0.24

Techn. × Block 20, 464 6.23 3.14e-10 0.04
Pairwise Contrasts for Technique:
Letter Chords, SoftCuts, 1-Layer < 3-Layer, p<.05
Letter Chords, SoftCuts < 1-Layer, p<.005
Pairwise Contrasts split by required navigation:
1-Layer, 0-Nav < Letter Chords, SoftCuts, 1-Nav, 2-Nav, p<.001
Letter Chords, SoftCuts < 1-Nav, 2-Nav, p<.001

Game Command Errors
Factor DF (n,d) F p 𝜂2

Technique 3, 116 12.02 6.57e-07 0.09
Block 4, 464 86.6 6.54e-55 0.33

Techn. × Block 12, 464 8.27 3.34e-14 0.13
Pairwise Contrasts for Technique:
3-Layer, Letter Chords < SoftCuts, 1-Layer, p<.05
Pairwise Contrasts split by required navigation:
Letter Chords < 1-Layer, SoftCuts, p<.001
0-Nav, 1-Nav, 2-Nav < SoftCuts, p<.001
1-Nav, 2-Nav < 1-Layer, p<.005

Table 2: Factorial Results – Game Phase. Top: trial time. Mid-
dle: command time. Bottom: errors. Main analyses use the
four levels of Technique; we also include additional pairwise
contrasts that include the different navigation amounts of
Three-Layer Toolbar.

Figure 12: Mean Typing Speed ± 95% CI, by Technique
(numbers inside violins show characters per second).

Three-Layer Toolbar into navigation steps, so only the overall mean
is shown in the summary of Figure 16. Table 3 (bottom) summarizes
findings from the two-way ANOVA, revealing only a significant
effect of Block.

4.6.3 Subjective Measures: Speed, Accuracy, Effort, and Preferences.
At the end of the study, participants completed the NASA-TLX

Figure 13: Phrase Command Time ± 95% CI, by Technique.

Figure 14: Phrase Command Time by Block.

Figure 15: Phrase command time: style-on vs. style-off.

survey and additional questions about speed and accuracy for their
assigned technique. For all questions, we applied the Aligned Rank
Transform [53] and carried out one-way ANOVAs on each question.
Mean responses are shown in Figure 17 – these were similar across
the conditions, with a significant effect of technique observed only
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Figure 16: Phrase Mean Errors ± 95% CI, by Technique.

Typing Speed
Factor DF (n,d) F p 𝜂2

Technique 3, 116 3.26 2.42e-02 0.06
Block 4, 464 11.19 1.11e-08 0.02

Techn. × Block 12, 464 1.10 3.60e-01 6.9e-03
Pairwise Contrasts for Technique:
1-Layer > 3-Layer, p<.05

Command Time
Factor DF (n,d) F p 𝜂2

Technique 3, 116 10.03 6.25e-06 0.19
Block 4, 464 9.57 1.92e-07 0.01

Techn. × Block 12, 464 5.55 6.68e-09 0.017
Pairwise Contrasts for Technique:
Letter Chords, 1-Layer < 3-Layer, p<.05
1-Layer < SoftCuts, p<.005
Pairwise Contrasts split by required navigation:
1-Layer < Softcuts, p<.005
Letter Chords, 1-Layer, Softcuts, 0 Nav < 1 Nav, 2 Nav, p<.001

Command Errors
Factor DF (n,d) F p 𝜂2

Technique 3, 116 2.12 0.102 0.02
Block 4, 464 5.39 3.01e-04 0.025

Techn. × Block 12, 464 1.01 0.44 0.015
Table 3: Factorial Results – Phrase Task. Top: typing speed in
CPS. Middle: command time. Bottom: errors. Main analyses
use the four levels of Technique, but for Command Time, we
also include additional pairwise contrasts that include the
different navigation amounts of Three-Layer Toolbar.

for Physical Demand (𝐹3,116 = 3.11, 𝑝 = .029). On this scale, the
SoftCuts and Three-Layer Toolbar conditions had higher physical
demand ratings (median 6) than One-Layer Toolbar (4).

5 Discussion
Our studies provide several novel findings about command selection
mechanisms for mobile devices. For both the training game and
the typing task, the One-Layer Toolbar was fastest. In the game,
One-Layer command selection time was 421ms faster than with
Letter Chords (33%), 347ms faster than with SoftCuts (27%), and
459ms faster than with the Three-Layer Toolbar (36%). In the phrase-
typing task, both command selection time and typing speed were

Figure 17: Subjective Responses. Left: Perceived accuracy and
speed. Right: NASA-TLX.

better with the One-Layer Toolbar: command selection was 13%
faster than with Letter Chords, 30% faster than with SoftCuts, and
53% faster than with the Three-Layer Toolbar; typing speed was
13% higher than with Letter Chords, 17% higher than with SoftCuts,
and 24% higher than with the Three-Layer Toolbar.

The advantage for the One-Layer Toolbar, however, did not ex-
tend to the toolbar which required navigation to reach the com-
mands. Selections from the Three-Layer Toolbar that required either
one or two navigation actions were significantly slower than all of
the other techniques in both the game and the phrase-typing task:
for example, command times in the phrase task for 0-Nav and 1-Nav
actions were more than 500ms slower than either LetterChords or
SoftCuts, and more than 700ms slower than either the 0-Nav actions
or the One-Layer Toolbar.

5.1 Explanation for main results
5.1.1 Why was the One-Layer Toolbar faster? There are several
possible reasons for the strong performance of the One-Layer Tool-
bar. First, as suggested earlier, it may be that the limitations of
toolbars that exist in desktop environments are not as prevalent
for mobile interfaces: in particular, there was no requirement to
switch the hands from typing to GUI interaction (since on mobiles,
the thumbs are used for both modes), and the distance required to
reach the toolbar was low (and within reach of the natural range of
motion for the users’ thumbs).

Second, users may now be highly familiar with toolbar-based
commands during typing, given that these toolbars exist in many
mobile applications. In contrast, SoftCuts was a new technique for
users (even though all participants were familiar with modifier-
based hotkeys from desktop keyboards), and no participants were
familiar with letter-based chording. Even though the game phase
of the study provided some degree of equalization across the con-
ditions (participants completed 120 commands and so became rea-
sonably comfortable with the techniques) but there could still have
been a familiarity effect in favour of the toolbar.

Third, toolbars also provide additional benefits over keyboard-
based command mechanisms: they provide visual guidance rather
than requiring memory retrieval, and if retrieval was not auto-
matic for participants in the Letter Chords and SoftCuts conditions,
this may have provided an advantage for the toolbar; in addition,
the One-Layer Toolbar also only requires a single action, whereas
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both keyboard techniques required two actions (although for Letter
Chords, these could be carried out in parallel). Multiple actions may
have required more mental preparation time.

Fourth, SoftCuts required that users press a modifier key, which
has been shown in previous studies to add time to the action [7].

5.1.2 Why were Three-Layer Toolbars slow? The performance of
the Three-Layer Toolbar was strongly related to the number of
navigation actions required to reach the command. When the re-
quired command was already visible in the toolbar (i.e., a 0-Nav
selection), then it could be chosen as quickly as the One-Layer
Toolbar. However, when a command required navigation actions, it
was substantially slower.

The main reason for this reduction in performance is the cost
of (a) recognizing that the desired command is not visible in the
toolbar, and (b) performing one or more navigation actions to move
to the correct part of the toolbar. Even after users became familiar
with the layout of the toolbar (e.g., the later blocks shown in Figures
14 and 10), the additional navigation actions required substantial
extra time. Therefore, designers must carefully consider the number
of navigation actions in a toolbar.

This clear relationship between the number of navigation actions
and the performance of the toolbar designs raises questions of how
many commands can be shown on a real-world mobile toolbar,
and how often navigation will be required. The answers to these
questions depend on the size of the device – but as an example,
the above-keyboard toolbar for the Google Docs app on a Pixel 8
XL device shows six formatting commands and two menus with
additional commands (eight icons total). If eight commands can be
shown on the toolbar, it is likely that the front layer of the toolbar
can cover a large proportion of the commands needed for a typing
task (the Google Docs toolbar has 16 commands in total, so half
would be available on the front layer of a toolbar). It is important
to note that although one navigation action led to substantially
reduced performance, having navigation for some commands did
not slow down selections for the visible commands (i.e., 0-Nav
selections were reliably fast). If the eight most frequent commands
were shown on the first layer of a toolbar, the majority of high-use
commands could be selected quickly.

However, if navigation actions are required by the toolbar’s de-
sign (e.g., some apps require a navigation action to get to any of
the formatting commands), then it is possible that Letter Chords
and SoftCuts could be higher-performing options. Single-layer tool-
bars are ultimately constrained by the number of commands an
application can expose before additional layers or navigation are
required. In contrast, SoftCuts and Letter Chords do not inherently
impose this limitation, though they rely more heavily on memory
than visual feedback.

5.2 Generalizing the Findings
Running the study on Prolific meant that the study systems were
run by users with a wide range of experience, and were run on
a wide range of mobile phones with different screen sizes. The
real-world variation in the sample, and the fact that people used
their own devices, increases the external validity of our results – for
example, the study saw 25 different types of phones, with several
different screen sizes and resolutions.

Our tasks included a high proportion of commands to the amount
of typing and used only text-styling commands; real-world tasks
will have a much wider variation in the proportion of commands to
typing, and could involve several other types of commands. Despite
this difference, we believe that our findings will translate to real
typing-based tasks, because the basic mechanisms used for each
technique in our studies are the same as what would be seen in
a real-world task. However, the proportion of commands that are
needed in real-world tasks varies greatly, and this will affect the
real-world differences between the techniques.

Overall, the main lesson for designers of mobile systems is that
the current standard approach for command selection (a toolbar
placed immediately above the keyboard) can provide higher perfor-
mance than keyboard-based techniques – with the caveat that the
design of the toolbar must be carefully considered to avoid unnec-
essary navigation actions. When toolbars require users to navigate
between layers or menus to access commands, performance de-
creases substantially, making them slower than our shortcut-based
techniques. In these situations, the reduced interaction overhead of
Letter Chords and SoftCuts can provide a performance advantage.

5.3 Limitations and Future Work
There are several limitations to what we could explore in our stud-
ies, and each of these leads to opportunities for further research.
First, participants learned and used only four commands in our
studies (with two additional placeholder commands that were not
used). We used a small number of commands due to restrictions
on the amount of training time available in the study, but many
real-world applications will use more commands, and so further
studies will be needed to examine learning and performance with
larger command sets. Second, although our phrase task realistically
combined commands with typing, the tasks were still artificial (and
involved more style commands than what would be used in most
real-world typing scenarios). Further studies are needed to examine
the performance of command-selection mechanisms in more realis-
tic typing tasks. Third, our keyboard implementation was simplified
and may not fully reflect real-world smartphone keyboards, which
could influence typing performance and user behavior. Features
such as autocorrect and gesture support may affect interaction with
our techniques. Further studies using operating system keyboards
are needed to better understand real-world usability.

6 Conclusion
In mobile applications where users need to enter both text and
commands, there are several ways that users can select commands:
using GUI controls such as toolbars, or using shortcuts such as
hotkeys or chords. Previous studies suggest that keyboard shortcuts
are substantially faster for command selection than GUI compo-
nents, but this research focused on desktop contexts rather than
mobile environments. To better understand the performance of
different command-selection mechanisms in mobile typing tasks,
we carried out a study that compared two shortcut techniques (Let-
ter Chords and SoftCuts) with two toolbar techniques (one that
required navigation actions, and one in which all commands were
visible). The study showed that in both the training game and the
phrase-typing task, the One-Layer Toolbar was substantially faster
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than either of the keyboard-based techniques; however, the Three-
Layer Toolbar that required navigation actions was slower than all
other methods. Our study shows that the performance advantages
of hotkeys that have been suggested by previous research do not
necessarily translate to the mobile context, but also indicates that
toolbar performance is strongly dependent on the number of navi-
gation actions. If applications include a large number of commands,
which can make multi-layer or navigational toolbars unavoidable,
shortcut-based techniques can become faster alternatives to toolbar-
based command selection. Overall, our work provides valuable new
information about the design of command selection techniques for
mobile text entry.
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