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Figure 1: Potential applications using multi-level keypresses: (a) For gaming, light-press “D” to walk left, and full-press to run

left; (b) For text input, light-press “I” to type circumflex î, and full-press to type regular i; (c) For shortcuts, light-press “V” to

paste, and full-press to type v.

ABSTRACT

Hall effect keyboards use magnetic fields to detect the degree of
pressing for each key, enabling continuous and precise sensing of
traversal distance compared to a single key switch. If users can
control the depth of their key presses, many new interaction op-
portunities become possible. We explored this richer interaction
space of the Hall effect keyboard with a controlled experiment that
examined user ability to perform multiple levels of pressing dis-
tance with different fingers. Results showed that most participants
can accurately press keys with two levels, with the index fingers
preferred for multi-level keypresses. We demonstrate the interac-
tion potential of Hall effect keyboards by identifying user abilities
and strategies, summarizing design considerations, and discussing
practical applications.
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1 INTRODUCTION

Keyboards are a primary input device for desktop and laptop inter-
action. However, due to the limited number of keys, and the fact
that keys can only be in two states, users must rely on shortcuts
with modifier keys [23], or must switch to mouse input for mode
switching, menu selection, or issuing frequent commands. To enable
more expressive interactions with physical keyboards, researchers
have explored the integration of various sensors, including pressure
sensors [10], capacitive sensors [24, 25, 28], and cameras [33]; these
have been used to detect keyboard gestures such as strokes [29, 32],
multi-modal shortcuts [5, 34], and near-keyboard hand postures [6].

A new type of keyboard has recently been introduced that pro-
vides the ability to sense the amount of travel in each key – these
Hall effect keyboards [30] replace each key’s metal contact switch
with a magnetic sensor that detects the amount of the key’s travel.
With this continuous magnetic value, keyboards can support multi-
level controls based on the traversal distance of the key, thus ex-
panding the keyboard’s input vocabulary. However, there is little
information available to guide the design of new interaction tech-
niques that use Hall effect sensors. The closest related research has
considered multi-level input by detecting the pressing force of a key.
Dietz et al. designed a pressure-sensing keyboard and demonstrated
applications such as nuanced control in games, adjusting font size
based on pressure force, and enhanced typing functions [10]. With
the same pressure-based hardware, Jong et al. enabled two-level
controls within a key press event, and studied the learnability of
these interaction methods [9]. However, no previous work has stud-
ied the user’s ability to express multi-level keypress interactions.
Motivated by the potential for developing new interaction tech-
niques with Hall effect keyboards, we ran an experiment to answer
the research question of how well people can perform multi-level
keypresses with different fingers.
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We conducted an in-person controlled study to investigate users’
ability to press keys with various depth levels, using different fin-
gers. The study asked participants to press keys to a specified press
distance, across two, three, and four levels of key travel (e.g., the
three-level test involved light, medium, and full key travel). We
included trials for each of the eight ‘home row’ fingers that are
situated on the A, S, D, F, J, K, L, and Semicolon keys. We recorded
the accuracy of each keypress, the time needed to complete the
trial, and subjective responses about the learnability and effort of
each type of press. The study results showed that two-level press-
ing was accurate (92.4%), even with very little practice, and was
consistently preferred by participants over three-level or four-level
setups. The accuracy of three-level pressing was lower (75.1%), but
participants still rated it as being easy to learn, with neutral mental
demand. Four-level pressing had the lowest accuracy (61.6%) with
the highest effort needed.

Overall, our study shows that two-level pressing can be a viable
augmentation to keyboard interactions, and the extra level of input
could be beneficial in a wide variety of contexts, from more expres-
sive keyboard shortcuts to additional control for expert typists. Our
work contributes the first evaluation of user ability with multi-level
pressing based on traversal distance in a Hall effect keyboard.

2 RELATEDWORK

Our work builds on research into keyboard interactions, keyboard
gestures, and multi-level pressing within a key.

2.1 Keyboard Gestures

To expand the interaction space of a keyboard, pressing keys in
sequence or pressing multiple keys simultaneously allows for ad-
ditional expressiveness without requiring extra sensors or modifi-
cations. Many sequence-based commands are in use, such as acti-
vating shortcuts with a modifier key (e.g., Ctrl-C for copy). Other
techniques have also been proposed by researchers. Wobbrock et al.
proposed a 4-key gestural text input system in which pressing keys
in sequence produces the Roman letter that matches the shape [29].
Users can perform such gestures eyes-free with high learnability
and speed. Inspired by gesture typing on a touch screen, Zhang and
Li examined the characteristics of drawing stroke gestures on an
ordinary keyboard [32]. They proposed a recognizer to distinguish
regular and gesture typing with high accuracy, and demonstrated
simultaneous input of text entry and gesture shortcuts. Au et al.
studied chording techniques by pressing or releasing keys at the
same time, which achieved competitive performance compared to
modifier-based shortcuts [2].

Previous work also explored the input space around keyboards [6,
16, 31] and typing postures [5, 33, 34]. Chhibber et al. proposed a
hand posture system around the keyboard with dimensions of hand
position, openness, and wrist rotation [6]. By identifying which
finger, hand, and hand posture is used to press a key, multiple
commands can be mapped to the same key [34]. A similar idea was
proposed by Buschek et al. by detecting arm and wrist rotation
while pressing a key to extend keyboard shortcuts [5].

To further increase the input vocabulary of a keyboard, various
sensors have been integrated into keyboard hardware to detect
touch gestures [12, 15, 17, 18, 24–26, 28] and to provide visual

cues [3]. Taylor et al. augmented a keyboard with IR sensors to
detect gestures on and above the keyboard, such as on-key swipes,
shapes, hovers, and multi-touch gestures [26]. Shi et al. transformed
each keycap into a touchpad with capacitive sensing, and evaluated
touch interactions on individual keys, such as swipes or drawn
shapes [25].

In this paper, we also studied keyboard interaction with a con-
sumer keyboard that has no extra sensors or modifications other
than the Hall-effect switches; in contrast to previous work, we focus
on enabling modes within a key by sensing the traversal distance
of a press event.

2.2 Multi-level pressing

With pressure sensing, it is possible to distinguish different press-
ing forces within a key on a physical keyboard [9, 10, 19] or a soft
keyboard [1, 4, 11, 14]. Dietz et al. designed a pressure-sensitive
keyboard by sensing the resistance of the contact switch [10]. When
a key is pressed down with more force, the key dome is squeezed
down and the resistance is decreased due to the growing contact
region. With this sensing technique, they enabled continuous con-
trol for gaming, changing text size, and modal typing. Jong et al.
further proposed 2-level control within one press with the same
hardware [9]. After a soft key-press and key-hold, a relevant hard or
medium press can be applied to activate shortcuts, replacing mod-
ifier key combinations. Brewster and Hughes detected light and
hard taps on a touchscreen keyboard to type lowercase and upper-
case letters [4]. With a similar pressure sensing method, keyboard
layouts can be reduced to a telephone keypad layout [19] or a split-
keyboard layout to solve the ‘fat thumb’ problem on size-limited
soft keyboards [14].

The traversal distance of a key is one dimension of a key press,
which is correlated to but different than the force hitting a key.
McPherson and Kim defined this difference for the piano keyboard:
the weight dimension is the force hitting the key bed, and the depth
dimension is the traversal distance of a key [20]. Full presses (i.e.,
where the key reaches the key bed) and partial presses are defined
in the depth dimension. We explored interactions within the depth
dimension that can be supported with a Hall effect keyboard.

Dietz et al. [10] also utilized the traversal distance of a key for
a pressure-sensitive keyboard. However, the pressure was sensed
only after the key was clicked (i.e., the switch was contacted), and
the mapping between distance and pressure value is unclear. More-
over, user capability for performing multi-level depth pressing has
never been formally investigated. Our work contributes the first
investigation of user ability in pressing keys with multiple distance
levels, from zero to fully pressed, with a Hall effect keyboard.

3 EXPERIMENT

The goal of this experiment is to formally investigate the user’s
ability to consistently perform multi-level pressing with different
fingers. We examined the accuracy and speed of each pressing
level, as well as participant preference and strategy. The study was
approved by the ethics board of the University of Saskatchewan.
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3.1 Participants

We recruited 24 participants for the in-person study (11 identified
as men and 13 as women; 3 reported they were left-handed). Partic-
ipants were recruited using a university announcement system and
by word-of-mouth, and received a $15 remuneration. Participants
were required to have full use of both hands and fingers to be able
to type on the keyboard. The demographics of the participant age
ranges, daily physical keyboard use, and history of mechanical key-
board use are summarized in Table 1. Two people reported minor
experience using a Hall effect keyboard (both less than one year).

3.2 Apparatus

The study used aWooting TwoHE [30] full-size Hall effect keyboard
(Figure 2a). Each key includes an analog magnetic switch, with an
approximate linear force distribution from 34 to 52 cN, traversing
from 0 to 4 mm. We split the traversal distance into four pressing
segments (Figure 2b):
• S1: the distance is within the range [0.2, 1.4) mm.
• S2: the distance is within the range [1.4, 2.8) mm.
• S3: the distance is within the range [2.8, 3.92) mm.
• S4: the distance is greater than or equal to 3.92 mm.
A key is registered as pressed when the travel distance exceeds
0.2 mm. We then used the maximum traversal distance during a
press event to determine the pressing level. Based on our initial
explorations and pilot studies, the unbalanced segments stated
above were designed and deployed for two reasons. First, users
were expected to fully press a key for a full level, so we limited the
fourth segment to be as small as possible. Second, we enlarged the
first two segments due to the likelihood of overshooting a lighter
press.

The experiment was deployed as a web application, using the
wooting-js [7] library to read the raw data from the analog keyboard
(Figure 2c). During the experiment, no visual feedback for the real-
time traversal distance was provided. However, after each task trial,
participants received about whether the trial was correct or not,
and the reason for an incorrect attempt.

3.3 Procedure

The experiment had three sections: (1) instructions and practice ses-
sion; (2) main session with measured trials; and (3) post-experiment
questionnaire. We first greeted participants and obtained informed
consent, and provided a brief instruction session, including the
experiment goal and flow, the web-based interface, and the details
of the Hall effect keyboard. During this section, participants spent 5
to 10 minutes typing with the Hall effect keyboard using a practice
interface with real-time feedback about press distance, as well as
the recognized pressing level. Participants were asked to try out

Table 1: Experiment demographics (24 participants in total).

Age Daily keyboard Mechanical keyboard
use (hours) use (years)

18-24 17 More than 8 5 None 10
25-34 4 4-8 8 Yes, less than 5 8
35-44 3 2-4 9 Yes, 5-10 2

1-2 2 Yes, more than 10 4

0.2 1.4 2.8 3.92
Distance (mm)

S1 S2 S3 S4
TWO-LEVELS

THREE-LEVELS

FOUR-LEVELS
FULL
MH

ML 
(MEDIUM)

LIGHT

(a) Experiment Keyboard

(c) Experiment Interface

(b) Pressing Segments and Levels

Figure 2: Experiment setup: (a) the Wooting Two HE key-

board; (b) the segments of traversal distance and mapping to

corresponding level; and (c) the experiment interface.

every level with selected keys to develop a sense for multi-level
pressing. In this experiment, we chose the 8 keys of the ‘home row’
with natural finger placements, and requested that participants
press the target key without changing fingers (e.g., they were asked
to press “A” with the left pinky, and “J” with the right index finger).
The goal of this setup was to understand pressing performance
across corresponding fingers.

After participants felt comfortable with the pressing method,
they completed the main study in three sessions, each with a differ-
ent level count (described in section 3.4). Each session included 5
blocks of key-pressing tasks, followed by a questionnaire for that
session. At the end of the study, participants completed a question-
naire about their overall experience. The study took approximately
50 minutes in total. The full text of the questions is provided in the
supplementary files1.

3.4 Design

The study used a within-participants design with one primary
independent variable: level-counts with 3 groups (two-levels,
three-levels, four-levels). block, pressing level, and target
key form secondary independent variables.
• For two-levels, there were 2 level (light, full).
• For three-levels, there were 3 level (light, medium, full).
• For four-levels, there were 4 level (light, mediumlow, medi-
umhigh, full).

The mappings between level and pressing segments are shown
in Fig. 2b. There were 8 key (a, s, d, f, j, k, l, semicolon) and 5
block per level-counts. Each block includes every combination
1See supplementary materials for full study questionnaire
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Figure 3: Comparison of level-counts: (a) Accuracy; (b) Time; (c) Learnability rating; (d) Mental demand rating; (e) Physical

demand rating; (f) Temporal demand rating; (g) Performance rating; (h) Effort rating; and (i) Frustration rating. Note: accuracy,

learnability rating, and performance rating are inverted to enable comparison with time and other subjective ratings (left-most

points in each sub-graph are better). Error bars are 95% confidence intervals.

of level and key once. The order for level-counts was counter-
balanced using a Latin square, and the combination of level and
key within a block was randomized.

The primary measures computed from logs are Accuracy and
Time. Accuracy is the proportion of trials that are correct. Time is
the elapsed time from the previous target keypress until the current
target keypress. In addition, the questionnaire provided 7 subjective
measures per level-counts (Learnability,Mental Demand, Physical
Demand, Temporal Demand, Performance, Effort, and Frustration).
Within each level-counts, there is one extra subjective measure
(Ease) per level and per key. All subjective ratings are numeric
from 1 to 7.

In summary: 3 level-counts (with 9 total level) × 8 key × 5
block = 360 data points per participant.

3.5 Results

We used the 1.5 ·IQR (interquartile range) rule to detect trial outliers
for each combination of participant and level-counts according
to Time. In total, 437 trials (5.1%) were removed. For each measure,
trials were aggregated by participant and factors being analysed.

Because residuals for Timewere not normally distributed, Tukey’s
Ladder of Powers transformation [27] was used for statistical analy-
sis. We visually inspected the Q-Q plot to confirm normality. When
the assumption of sphericity was violated, degrees of freedom were
corrected using Greenhouse-Geisser (𝜖 < 0.75). The residuals for
all subjective measures were also not normally distributed, so Fried-
man tests with Holm correction andWilcoxon signed-rank post-hoc
tests were used.

We first performed the analysis on the primary independent
variable. Figure 3 summarizes the main results for level-counts.
We used one-way repeated measures ANOVA for Accuracy and
Time, and pairwise t-test with Holm’s correction for post-hoc tests.
We then perform level × key analysis for each level-count. The
main results are shown in Figure 4. Generalized linear mixedmodels
were applied for Accuracy because the distribution is close to a Pois-
son distribution. For Time, we used a factorial repeated measures
ANOVA with Holm-corrected pairwise comparisons.

3.5.1 Learning Effect. Due to the potential of participants improv-
ing during the experiment, we examined whether earlier blocks
were more error-prone and should be removed. A block × level-
counts test was used. We found a main effect of block onAccuracy
(𝐹4,92 = 3.38, 𝑝 < .05, 𝜂2

𝐺
= .019), but no interaction effects involving

block. Pairwise t-tests showed that block 1 was significantly less

accurate than block 4 (𝑝 < .05); therefore, we removed block 1 in
the subsequent analysis due to the learning effect.

3.5.2 Level Counts. Overall, two-levels is the most accurate,
fastest, and most preferred in terms of all subjective ratings (Fig-
ure 3, see A.1: Table A.1 for main effect tests).

In terms of statistical differences, for Accuracy, two-levels
(92.4%) is the most accurate, followed by three-levels (75.1%), and
four-levels (61.6%) is the least accurate. For Time, two-levels
(1.14s) is the fastest, followed by three-levels (1.33s), and four-
levels (1.55s) is the slowest. For Learnability, participants were
asked to rate how easy it was to learn how to type in each level
count condition. two-levels (5.9) is the easiest, followed by three-
levels (4.5), and four-levels (3.5) is the hardest.

We used NASA-TLX questions for other subjective ratings. two-
levels (2.6) is the least mentally demanding, followed by three-
levels (3.8), and four-levels (5.0) is the highest. two-levels
(2.3) is the least physically demanding, followed by three-levels
(3.5), and four-levels (4.1) is the highest. two-levels (2.6) is the
least temporally demanding, followed by three-levels (3.2), and
four-levels (3.7) is the highest. Participants believed that they
performed best in two-levels (5.4), followed by three-levels
(4), and four-levels (3.2). Lowest effort is needed for two-levels
(3.1), followed by three-levels (4.4), and four-levels (5.3) is the
highest. Participants feel less frustrated with two-levels (2.3) than
three-levels (3.1), and four-levels (3.8).

3.5.3 Two levels. In general, participants performed both full and
light press accurately (higher than 90%), and rated a full press or
pressing with index fingers on both hands (f and j keys) easier. The
main results for two-levels are shown in green lines in Figure 4.

For level, a full press (6.92) is rated easier to perform than
a light press (5.12) (A.2: Table A.3a). For key, pressing a is the
fastest (1.0 seconds). We also found pressing s (1.09s), f (1.14s), and
semicolon (1.11s) were faster than pressing k (1.26s), and l (1.21s);
and pressing d (1.16s) is faster than k (A.2: Table A.2). Pressing f
(6.38) and j (6.54) are rated as easy compared to the other keys (A.2:
Table A.3b).

3.5.4 Three levels. Overall, a full press was fast with high accuracy,
and was also rated the easiest. Similar to the results from two levels,
pressing keys with index fingers (f and j) on both hands are rated
easier. The main results for three-levels are shown with orange
lines in Figure 4.
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Ease rating. Note: accuracy and ease rating are inverted to

enable comparison with time (left-most points in each sub-

graph are better). Error bars are 95% confidence intervals.

We found a main effect of level. full is the most accurate
level (95.8%), following by medium (73.7%), and the light is the
least accurate (55.2%) (A.3: Table A.4). Both full (1.29s) and light
(1.3s) are faster than medium (1.41s) (A.3: Table A.5a). Participants
rated full (6.96) easier than medium (3.75) and light (3.58) (A.3:
Table A.6a).

There was a main effect of key. Pressing a (1.20s) and s (1.23s)
are the fastest; pressing d (1.34s), f (1.31s), and semicolon (1.33s)
are faster than k (1.49s) and l (1.43s); and pressing j (1.36s) is also
faster than k (A.3: Table A.5b). It is easier to press f (6.08) and j
(6.29) than all other keys, and k (5) is also slightly easier than l
(4.12) (A.3: Table A.6b).

We found interactions between level and key for Time. We
report the difference between key within the same level: within
full, pressing a is faster than d, k, and l; within medium, pressing
s is faster than f, j, k, and l; and within light, pressing a is faster
than k and l (A.3: Table A.5c).

3.5.5 Four levels. In general, a full press outperformed all other
levels; the performance with non-full presses was lower due to

confusion between levels. The main results for four-levels are
shown in blue lines in Figure 4.

A main effect was found for level. For Accuracy, full (96.1%) is
the highest, and mediumhigh (35%) is the lowest (A.4: Table A.7).
For Time, all pairs are significantly different, with the order full
(1.35s), light (1.41s), mediumlow (1.7s), and mediumhigh (1.75s)
(A.4: Table A.8a). For Ease, full (6.92) is rated the easiest, and light
(4.79) is rated the second (A.4: Table A.9a).

We found a main effect of key. For Time, pressing a (1.41s) and
s (1.43s) are the fastest; pressing f (1.52s) is faster than j (1.59s), k
(1.65s), and l (1.7s); and pressing d (1.58s) and semicolon (1.57s)
are faster than l (A.4: Table A.8b). For Ease, pressing f (5.71) and j
(5.79) are rated the easiest (A.4: Table A.9b).

We also found interactions between level and key for Time. For
full, pressing a is faster than d, k, and l; and pressing s and f are
faster than k and l. For light, pressing a and s are faster than k and
l; and pressing f and semicolon are faster than l (A.4: Table A.8c).

4 DISCUSSION

We summarize design recommendations based on experiment re-
sults, and discuss study limitations and potential applications.

Levels and Strategies. The study clearly showed that users can press
keys at two levels (a light and a full press) quickly and with high
accuracy. This result supports the interaction designs proposed in
previous work [9, 20]. In our study, all participants were confident
that they can correctly perform two-level pressing, and 11 people
were confident that they can perform three-level pressing; however,
none of the participants were confident about four-level pressing.

Pressing a key with more than two levels was slower, which is
likely related to its higher mental load: “For the more complicated
levels, I had to think more” [P18]; and “For medium low level, I put
more effort into thinking as to how far I was pushing it down” [P6].
However, participants’ strategies for medium-level pressing may
have also contributed to the longer completion times: “I found it
easier to type slower for levels that were medium or in between low
and high” [P19]; and “For medium levels, I tried to press it a little
slower to be more accurate” [P16].

Full-press actions had the highest accuracy and were rated as
easiest across all conditions. Participants mentioned that their regu-
lar pressing behaviour is similar to a full press: “I liked using the full
level the most, because I am used to press a key down fully when reg-
ularly typing” [P16]. Unsurprisingly, 16 participants reported their
strategy for a full press is bottoming out the key and pressing with
substantial force.

Light-press actions also had high accuracy in the two-level condi-
tion (89.7%) due to the higher range of traversal distance, but there
were still 10.3% errors (Fig. 5a). Participants mentioned that they
would sometimes accidentally press all the way down: “Even though
in my brain I knew that I had to press half way down, sometimes my
finger would still press all the way down” [P18].

Participants found it is hard to press a key only a short distance:
the average pressing distance for light-press actions was 1.89mm
(sd= 0.68) for two levels, 1.43mm (sd= 0.34) for three levels, and
1.39mm (sd=0.37) for four levels. The latter two are closer to the
default threshold of a light press (Figure 5b, c). Overall, partici-
pants gave divergent feedback about light presses: “The light one
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was tricky at times because I felt like I could ever so barely push it,
and anything more would end up in the medium range” [P6]; and
“light (press) was easy because I just knew I had to barely press the
key” [P17]. Moreover, even though participants were confident us-
ing the light level, performing a light press might reduce physical
comfort: “(Other than a full press) The only other level I felt some-
what confident using was the light level, but using the light level felt
shaky when there were more than 2 levels to type at” [P24]. Some
participants used particular strategies for light pressing, including
tapping(6), flicking (2), or pressing on a specific location of a key
(2): “For light levels, I would do more of a sliding action than pressing
down on the key” [P1]; and “(for light), try to type at the edge of the
keyboard (key)” [P13].

In the four-level condition, participants reported difficulties in
differentiating between the two medium levels, which is also re-
vealed in the confusion matrix shown in Figure 5c: “Medium-low

and medium-high were harder because I could not really get used to
how hard I had to push the key to reach either of them” [P17]; and “It
was very difficult to calibrate my strength when hitting medium-high
versus medium-low” [P14]. Furthermore, both of the medium levels
were easy to confuse with a light or a full press: “Medium-low was
the hardest to do as it felt like I would press it and end up being in the
light section or press too hard and end up higher” [P6]; and “It was
more difficult to judge when to let go of the key for the medium-high
level without fully pressing the key down” [P5].

In general, the observed distribution of pressing distances per
level follows the rules we used for distance segments (Figure 5): for
example, the mean distances of light presses were deeper, and the
IQR for the medium-low level was within the second segment range.
However, segment thresholds will vary for each user, especially for
experts. We show the distribution of pressing distance for each level
of each participant in the Appendix (A.5: Figure A.1). We observed
that when participants performed well with the three-level or four-
level conditions, they were able to make a consistent light press,
which created a wider range for the medium levels. We plan to
carry out further investigations into customized thresholds.

Overall, our main recommendation is to support two-level key
presses, due to our participants’ strong performance and preference.
This confirmed the interaction designs within a single key described
in previous work [4, 9, 14, 20]. To increase the expressiveness of a
standard keyboard, it is possible to integrate a dual-action switch
inside each key to enable two-level pressing. In addition, although
pressing a key in three levels was less accurate in the study, this
configuration also has potential – particularly if users are given
additional practice, and if a customized threshold is used.

Comparison with Force-based Inputs. Previous work has investi-
gated the performance of multi-level force input on rigid [8, 22]
or soft surfaces [13] for visual targeting tasks. BackXPress studied
finger tapping force, ranging from 1 to 6 N, on the back of a mobile
device [8]. Their results showed 86.8%, 75.1%, and 69.4% accuracy
for 3, 5, and 7 force levels. More recently, Fruchard et al. revealed
high force input accuracy (94.7%) for 20 levels with wider force
span (0 - 5.5 N) and quick release selection technique [13].

The traversal distance of a keypress is correlated to the pressing
force. However, our results showed lower accuracy after 3 levels,
which is different from previous work. There are two possible rea-
sons. First, the force range of the Hall effect keyboard is less than
40 cN, which is significantly smaller than other force-based mech-
anisms. Second, unlike the visual targeting tasks used in earlier
studies, we did not provide visual feedback during the task. Ramos
et al. revealed lower performance in the partial visual feedback con-
dition (i.e., no real-time force feedback, but the target will change
colour when the force is inside the target range.) compared to the
full visual feedback condition [22]. Accuracy is likely to further
decrease when participants can only rely on their memory and
cognition.

To support more levels with the Hall effect keyboard, the force
resistance profile of the key switch could be modified to enlarge the
force span within the fixed traversal distance. However, this might
also increase the difficulty of pressing a key for regular typing.
Further investigation is needed for this trade-off.
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Keys and Fingers. Faleel et al. found that different typing forces
were applied to different keys on a virtual keyboard, based on the
finger that was used [11]. To explore this issue with our keyboard,
we mapped each key to a specific finger and analyzed performance
between fingers.

First, therewas nomain effect of key in terms of accuracy. Second,
we compared the actual pressing distance for each level and key,
and again did not find significant differences between keys, in any
condition (Figure 6).

Surprisingly, in most cases, pressing “A” (left pinky finger) and
“S” (left ring finger) were fast, and “K” (right middle finger) and
“L” (right ring finger) are slower. The familiarity of pressing those
keys may be one reason for the difference, since in English, “A”
and “S” have higher frequency (8.04% and 6.51%) [21]. After seeing
the target key on the screen, participants may have therefore had
quicker reaction for these two keys. In the experiment interface,
we also provided the keyboard layout with the task visualization
(Figure 2c). However, we still observed that participants would
sometimes press the wrong key, especially for “K” and “L”. The
frequent use of the left pinky finger for pressing the modifier key
(e.g., Ctrl or Shift) may be another reason for the increase in speed
of the “A” key: “I think I was more proficient with my pinky finger
than I was with my ring or middle finger because I’m used to holding
down the shift key with it to type capitals, so I’m already used to
applying pressure to it for extended periods of time” [P20].

In terms of subjective difficulty, the two index fingers were rated
as the easiest for controlling the pressing distance. The dexterity
and the regular usage of the index fingers are two main reasons
for this result: “Our index fingers and middle fingers are usually our
stronger fingers” [P15]; and “I preferred my index and middle fingers,
because I regularly type with them.” [P16]. Even though no accuracy
difference was found between fingers, we can find slightly better
finger controllability for right index finger (“J”) (figure 6b, c). The
average pressing distance for light and medium levels with the
index fingers was smaller than for the other fingers, suggesting
that users can move their index fingers with finer granularity. As a
result, 22 participants preferred using their two index fingers for
multi-level pressing.

In our experiment, participants did not need tomove their fingers
to reach the keys, which is different from real typing scenarios.
Performance for multi-level typing might decrease due to finger
movement in the horizontal plane; future work will expand on
our experiment to investigate multi-level typing performance with
additional finger movement.

Limitations. We found a weak learning effect from the block analy-
sis, suggesting that accuracy will increase after longer usage. Before
the experiment, participants completed a practice session of 5 to
10 minutes – but this is still a very small amount of practice for
what was a completely novel technique for participants. Three par-
ticipants mentioned their music background as a potential factor
leading to better performance: “I believe my experience as a musician
(guitar and piano) affected my finger dexterity, which played into
how well I was able to control the analog keys” [P6]; and “Because
of my background playing acoustic finger-style guitar for decades, I
think I would have picked up 4 levels easier then typical users” [P22].
A longitudinal experiment with sufficient practice is planned in
order to study longer-term learning effects.

Our goal in the study was to test how well can people reliably
perform multi-level key presses, so we did not provide real-time
visual feedback for the pressing distance, and only showed the
results after each trial. During the experiment, we observed that
some participants had multiple errors in a row, indicating that
feedback from the previous trial might have had a side effect on
behaviour for the following trial. One participant mentioned that
he might have over-adjusted his pressing distance after an incorrect
trial: “If I pressed the wrong key (level), I would press the next key (trial)
really hard to be “confidently right”” [P21]. A study with different
forms of trial feedback, or longer breaks between each trial, might
reduce these effects.

We focused on the pressing levels within a single key, and only
evaluated a limited number of keys in the study. Future work can
expand this interaction space with multi-key gestures, including
pressing keys at different levels simultaneously or sequentially.

Applications. Participants suggested potential practical applications
of the multi-level keys in four areas: gaming, text input, shortcuts,
and physical ability training features.

For gaming, similar to ideas proposed by Dietz et al. [10], press-
ing different levels could indicate actions that have a continuous
scale, such as walking speed or attacking power, as well as discrete
functions, such as emulating different controls (Figure 1a).

For text input, individual keys could be mapped to multiple
characters (e.g., accents, numbers, or symbols) or styles (e.g., bold,
uppercase, or subscript), and pressing at a different level could
directly insert those characters without extra steps: “it could be used
for accents, especially in working with different languages that using
letters that aren’t generally on the “normal” english keyboard” [P18]
(Figure 1b).

Multi-level key presses could also be used to replace system
shortcuts, such as nested menus and hotkeys: “It could replace modal
editors like vim, where instead of having to toggle between insert or
normal mode, you could just have the two levels of the key be the way
to denote which mode the command is in” [P22] (Figure 1c).

Finally, training or monitoring applications could integrate the
pressing levels as input data: “Monitoring stress level with the help
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of typing behaviour on how deep I press the keys” [P7]; and “(It can
be) used to improve (finger) dexterity, especially with neurological
deficits (i.e. from a rehabilitation perspective)” [P9].

5 CONCLUSION

We conducted a controlled experiment to investigate user ability to
press keys with multiple levels of travel distance with a Hall effect
keyboard. We found that all users can perform two-level pressing
with high accuracy and speed, and that two-level pressing was
preferred and rated as least difficult. Three-level key presses are
more difficult and less accurate, but most subjective ratings are
greater than neutral. The distribution of pressing distance for each
participant shows the potential for additional levels if configurable
thresholds can be applied, and if additional practice is given. With
two-level key presses, we can double the interaction space of a
keyboard, and further enable rich shortcuts or additional typing
controls. Our investigation shows the potential of Hall effect key-
boards for harnessing the user’s multi-level pressing abilities. Our
work encourages interaction designers to further increase the input
vocabulary available with keyboards (e.g., enabling multi-key ges-
tures, or joystick features with analog values), and to create novel
gesture types (e.g., multi-finger pressing with one finger serving as
an anchor) with Hall effect keyboards.
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A APPENDIX: TABLES OF STATISTICAL TESTS

This appendix presents tables of ANOVA and post hoc statistical
tests for main effects and interactions of our results (Section 3.5).

A.1 Level Counts

Table A.1: Main effects for level-counts.

(a) Accuracy (𝐹2,46 = 151.21, 𝑝 < .0001, 𝜂2
𝐺

= 0.76)
comparisons diff (%) p-value

two-levels three-levels 17.3 < .0001 ***
two-levels four-levels 30.8 < .0001 ***
three-levels four-levels 13.5 < .0001 ***

(b) Time (𝐹2,46 = 114.3, 𝑝 < .0001, 𝜂2
𝐺

= 0.34)
comparisons diff (s) p-value

two-levels three-levels -0.193 < .0001 ***
two-levels four-levels -0.41 < .0001 ***
three-levels four-levels -0.217 < .0001 ***

(c) Learnability (𝜒22,𝑁=24 = 39.7, 𝑝 < 0.0001,𝑊 = 0.41)
comparisons diff p-value

two-levels three-levels 1.34 < .001 ***
two-levels four-levels 2.38 < .0001 ***
three-levels four-levels 1.04 < .01 **

(d) Mental Demand (𝜒22,𝑁=24 = 36.7, 𝑝 < 0.0001,𝑊 = 0.76)
comparisons diff p-value

two-levels three-levels -1.13 < .001 ***
two-levels four-levels -2.34 < .001 ***
three-levels four-levels -1.21 < .001 ***

(e) Physical Demand (𝜒22,𝑁=24 = 22.4, 𝑝 < 0.0001,𝑊 = 0.47)
comparisons diff p-value

two-levels three-levels -1.17 < .001 ***
two-levels four-levels -1.75 < .001 ***
three-levels four-levels -0.58 < .05 *

(f) Temporal Demand (𝜒22,𝑁=24 = 22.3, 𝑝 < 0.0001,𝑊 = 0.46)
comparisons diff p-value

two-levels three-levels -0.55 < .05 *
two-levels four-levels -1.09 < .01 **
three-levels four-levels -0.54 < .05 *

(g) Performance (𝜒22,𝑁=24 = 27.4, 𝑝 < 0.0001,𝑊 = 0.57)
comparisons diff p-value

two-levels three-levels 1.42 < .01 **
two-levels four-levels 2.21 < .001 ***
three-levels four-levels 0.79 < .05 *

(h) Effort (𝜒22,𝑁=24 = 35.18, 𝑝 < 0.0001,𝑊 = 0.73)
comparisons diff p-value

two-levels three-levels -1.3 < .001 ***
two-levels four-levels -2.21 < .001 ***
three-levels four-levels -0.91 < .001 ***

(i) Frustration (𝜒22,𝑁=24 = 19.6, 𝑝 < 0.0001,𝑊 = 0.41)
comparisons diff p-value

two-levels three-levels -0.79 < .05 *
two-levels four-levels -1.46 < .01 **
three-levels four-levels -0.67 .05
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A.2 Two Levels

Table A.2: Time main effects.

(a) key (𝐹7,161 = 13.91, 𝑝 < .0001, 𝜂2
𝐺

= 0.10)
comparisons diff (s) p-value

a all others < -0.085 < .01 **
s k -0.176 < .001 ***
s l -0.123 < .001 ***
f k -0.127 < .001 ***
f l -0.074 < .05 *
d k -0.099 < .05 *
semicolon k -0.155 < .001 ***
semicolon l -0.102 < .05 *

Table A.3: Ease main effects.

(a) level (𝜒21,𝑁=24 = 22, 𝑝 < 0.0001,𝑊 = 0.92)
comparisons diff p-value

full light 1.8 < 0.001 ***

(b) key (𝜒27,𝑁=24 = 65.53, 𝑝 < 0.0001,𝑊 = 0.39)
comparisons diff p-value

f a, s, d, l, semicolon > 0.96 < .05 *
j a, s, d, k, l, semicolon > 1.0 < .05 *

A.3 Three Levels

Table A.4: Accuracy main effects.

(a) level (𝜒2 (2, 𝑁 = 24) = 21.21, 𝑝 < 0.0001)
comparisons diff (%) p-value

full medium 22.1 < .05 *
full light 40.6 < .001 ***
medium light 18.5 < .05 *

Table A.5: Time main effects and interactions.

(a) level (𝐹1.57,36.10 = 13.53, 𝑝 < .001, 𝜂2
𝐺

= 0.03)
comparisons diff (s) p-value

full medium -0.127 < .001 ***
light medium -0.114 < .001 ***

(b) key (𝐹4.56,104.98 = 17.60, 𝑝 < .0001, 𝜂2
𝐺

= 0.08)
comparisons diff (s) p-value

a, s all others < -0.085 < .05 *
d k -0.148 < .001 ***
d l -0.085 < .05 *
f k -0.178 < .001 ***
f l -0.115 < .01 **
j k -0.133 < .01 **
semicolon k -0.16 < .01 **
semicolon l -0.097 < .01 **

(c) level ×key (𝐹14,322 = 1.98, 𝑝 < .05, 𝜂2
𝐺

= 0.02)
comparisons diff (s) p-value

within full
a d -0.188 < .01 **
a k -0.384 < .001 ***
a l -0.313 < .001 ***
within medium

s f -0.189 < .05 *
s j -0.237 < .01 **
s k -0.267 < .05 *
s l -0.23 < .05 *
within light

a k -0.289 < .05 *
a l -0.209 < .01 **

Table A.6: Ease main effects.

(a) level (𝜒22,𝑁=24 = 37.11, 𝑝 < 0.0001,𝑊 = 0.77)
comparisons diff p-value

full medium 3.21 < 0.001 ***
full light 3.38 < 0.001 ***

(b) key (𝜒27,𝑁=24 = 76.59, 𝑝 < 0.0001,𝑊 = 0.46)
comparisons diff p-value

f, j all others > 1.08 < .05 *
k l 0.88 < .05 *

A.4 Four Levels

Table A.7: Accuracy main effects.

(a) level (𝜒2 (3, 𝑁 = 24) = 58.39, 𝑝 < 0.0001)
comparisons diff (%) p-value

full mediumhigh 61.1 < .001 ***
full mediumlow 42.3 < .001 ***
full light 35.8 < .001 ***
mediumlow mediumhigh 18.8 < .05 *
light mediumhigh 25.3 < .01 **
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Table A.8: Time main effects and interactions.

(a) level (𝐹3,69 = 74.83, 𝑝 < .0001, 𝜂2
𝐺

= 0.19)
comparisons diff (s) p-value

full mediumhigh -0.403 < .001 ***
full mediumlow -0.349 < .001 ***
full light -0.062 < .05 *
light mediumhigh -0.341 < .001 ***
light mediumlow -0.287 < .001 ***
mediumlow mediumhigh -0.054 < .05 *

(b) key (𝐹7,161 = 19.58, 𝑝 < .0001, 𝜂2
𝐺

= 0.07)
comparisons diff (s) p-value

a, s all others < -0.09 < .05 *
d l -0.119 < .05 *
f j -0.071 < .05 *
f k -0.134 < .001 ***
f l -0.178 < .001 ***
semicolon l -0.123 < .01 **

(c) level ×key (𝐹21,483 = 2.80, 𝑝 < .0001, 𝜂2
𝐺

= 0.03)
comparisons diff (s) p-value

within full
a d -0.223 < .01 **
a k -0.325 < .001 ***
a l -0.356 < .001 ***
s k -0.269 < .01 **
s l -0.3 < .001 ***
f k -0.225 < .05 *
f l -0.256 < .01 **
within light

a k -0.245 < .05 *
a l -0.391 < .01 **
s k -0.293 < .05 *
s l -0.439 < .01 **
f l -0.389 < .05 *
semicolon l -0.315 < .01 **

Table A.9: Ease main effects.

(a) level (𝜒23,𝑁=24 = 55.95, 𝑝 < 0.0001,𝑊 = 0.78)
comparisons diff p-value

full mediumhigh 4.38 < 0.001 ***
full mediumlow 3.88 < 0.001 ***
full light 2.13 < 0.001 ***
light mediumhigh 2.25 < 0.001 ***
light mediumlow 1.75 < 0.01 **

(b) key (𝜒27,𝑁=24 = 64.27, 𝑝 < 0.0001,𝑊 = 0.38)
comparisons diff p-value

f, j all others > 1.17 < .05 *

A.5 Participant Pressing Distance

FULLMHML(MEDIUM)LIGHT

Distance (mm)
43.22.41.60.80 43.22.41.60.80 43.22.41.60.80

Threshold(mm)
0.2 1.4 2.8 3.920.2 1.4 3.920.2 3.92
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(a) TWO-LEVELS (b) THREE-LEVELS (c) FOUR-LEVELS

Figure A.1: The distribution of pressing distance for each

level of each participant. The accuracy higher than 90%

for two-levels (17), 80% for three-levels (8), and 70% for

four-levels (6) is highlighted, and the highest ones are

highlighted in green (100% for two-levels, 94.7% for three-

levels, and 80.5% for four-levels).
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