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ABSTRACT

that soft touchscreen keyboards cannot satisfy users who
require the sensation of typing on a physical keyboard.

Multi-touch touchpads and touchscreens have begun
replacing traditional keyboard in certain laptops. Taking
advantage of the flexibility of a touchscreen, these designs
are expected to enable a more efficient use of the limited
real estate of a laptop computer. However, a serious
problem remains in that the soft keyboard on a touch screen
does not always satisfy users owing to a lack of tactile cues,
which is essential for text entry, particularly text entry
without looking at the keyboard. We investigated ways to
overcome this problem by adding various types of feedback
to a touchscreen and evaluated their effectiveness through a
controlled user test.

Although a multi-touch screen is a revolutionary
technology, it has a major shortcoming owing to a lack of
tactile cues, which are essential for text entry, particularly
for text entry without looking at the keyboard.
Notwithstanding various supplementary techniques used,
such as auto correction, word prediction, and alternative
layouts, the text entry speed on a touchscreen is known to
be fairly limited compared with that of a physical keyboard
[5]. We have speculated that the major reason for this
difference is a lack of proper feedback, such as tactile,
textural, and auditory feedback. To support this speculation,
we conducted a controlled user test to verify the effects of
various feedback types on the text-entry performance in a
touchscreen environment. The results of this study are valid
not only for dual-screen laptops but also for other
environments with a vertical display and horizontal touch
surface. TactaPad 2 , Fingerworks 3 , Magic Desk [3], and
Visual Touchpad [9] are examples of devices that use a
separate display and touch surface. A tabletop environment
with a shared vertical display [13] is another example.
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INTRODUCTION

Tactile feedback is known to be the key element in touch
typing, particularly during eye-free typing situations.
Crump et al. [4] sequentially deconstructed a keyboard to
observe the feedback effect available on a physical key
switch. They found that the removal of tactile perception of
a physical key reduces the typing performance. Rabin et al.
[12] also studied the role of tactile feedback while typing.
They anesthetized the right index fingertip of the
participants and observed the difference between
anesthetized and normal finger conditions. When
anesthetized, typing errors from the right index finger
increased sevenfold. This result shows the importance of
tactile information for typing tasks. The authors found that
the major suspect of typing errors when an anesthetized
finger is used is an incorrect initial fingertip position before

The keyboard has always been at the center of the
computing environment, occupying a large area under the
display. In laptop computers, the keyboard demands about
half the entire horizontal surface, an area much larger than
that occupied by a touchpad. It is therefore a good idea to
consider a more efficient utilization of the keyboard area by
replacing it with a multi-touch touchpad or touchscreen,
and indeed, many researchers and manufactures have
recently been attempting to do so. For example, dual-screen
laptops 1 that include a touch screen instead of a physical
keyboard have been introduced. Taking advantage of the
flexibility of a touchscreen, such designs are expected to
enable a more efficient use of the limited real estate of a
laptop computer. A serious problem remains, however, in
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Figure 1: (Left) Placement of each device during the experiment.
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duration is too short and finger displacement barely occurs.
In addition, the texture changes throughout the entire
surface in these techniques, and multi-touch functionality
cannot be supported. During the scanning stage of touchtyping, multiple fingers concurrently slide over the surface.
Thus, multi-touch support is a necessary condition. Because
of these limitations, we designed a physical key-shaped
template. This design can deliver an explicit feeling of the
presence of a key without the need for any complicated
technologies.

key center (out of the 50 × 50 px box-shaped area, but
within the 88 × 80 px key area), we used a higher toned
sound (doubling the frequency of the default clicking sound)
(Figure 2-b).
Experiment

After designing the feedback mechanisms, we conducted a
group usability test to study their effects.
Participants

Sixteen participants (9 males, 7 females) ranging in age
from 19 to 30 (M = 23.5, SD = 2.66) participated in our
study. All participants were touch typists. The participants
took a 1-hour test and were paid $9 each. Eight of the
participants have experienced using a full-sized touchscreen
keyboard such as that found on an iPad.

We designed two types of feedback mechanism: Texture
plate and Sound (Figure 2). Texture plate and Sound are
exact replacements of Surface texture and Sound feedback
of a physical keyboard. Our key observation was that
proactive tactile information is an important feature for
touch typing. As proactive feedback, Surface texture was
the primary element to be replicated from a physical
keyboard.

Conditions

We organized the six feedback conditions listed in Table 1.
Sound, F-J, Home, and Full are the conditions used for each
individual feedback mechanism. Full+S examines the
combinational effect of Sound and Full.
Name
None
Sound
F-J
Home
Full
Full+S

Figure 2: Implementations of the feedback used in the experiment.
Texture plate

Sound
NO
YES
NO
NO
NO
YES

Table 1: List of feedback conditions

Texture Plate is a proactive feedback mechanism that
provides Surface texture. We constructed the Texture plate
using a transparent OHP film (0.1-mm thick). One piece of
the film was cut into the key shapes and glued onto another
piece of the film. The film is thin enough, and hence, the
two layers of the film did not diminish the capacitive
sensing capability of the iPad touchscreen, while still
providing the distinction between keys (Figure 2-a).

Task

The participants were required to exactly copy an entire
string of characters appearing on the vertical screen (Figure
1). A correction was required if any errors occurred (a
“correct as you go” approach [7]). The character strings
were randomly selected from the MacKenzie phrase set [8].
The string was automatically committed after an exact copy
was made, and the participants could request to reset the
typed text as desired. The participants were asked to type
quickly and accurately.

We provided three types of Texture plates: F-J, Home-row,
and Full. Because the bumps on the F and J keys, and the
home-row keys themselves, are utilized during the initial
calibration stage of typing, we incrementally heightened the
feedback level from the F and J keys only (F-J), the homerow keys only (Home-row), and all the keys (Full); bumps
were added to the F and J keys for each texture plate.

Procedure

The participants sat in front of the touch surface keyboard
(Figure 1) and had a 5-min initial configuration session to
become comfortable with the device, during which they
were allowed to type example strings and adjust the device
position, chair height and placement, and screen angle.

Sound

Sound is a reactive feedback that enables users to confirm
input. We simply recorded a clicking sound from the
Cherry Brown Switch 4 and played it after a keystroke.
Because we are aiming to support touch typing, we added
additional information: if a touched location is far from the

4

Texture Plate
NO
NO
F and J
Home-row
Full
Full

The participants were given a 1-min practice session and a
3-min recording session for each condition. As a
comparison group, they first performed the same task using
the physical keyboard of a MacBook Air (Keyboard). Next,
they typed under each condition in random order. The order
was counterbalanced across the participants. All six

http://www.cherrycorp.com/



conditions were tested for the touch surface keyboard. After
the testing, we asked the users to answer a questionnaire
regarding likeness, unintended inputs, fatigue, and the need
to glance at the keyboard.
RESULTS

We calculated the words per minute (WPM) for the typing
speed and keystrokes per character (KSPC) for the error
rates [7]. We also analyzed the user survey.
Typing speed

We calculated the WPM as ⁄
⁄ , where S is the
length of the string, and T is the elapsed time in seconds.
We considered only successfully committed strings. In
addition, T was measured from each string individually. We
, where the
also measured Peak WPM as ⁄

Figure 3: Average WPM and Peak-WPM for each condition
(error bars: SD)

inter-keystroke interval (IKSI) is
⁄ , with only
successive keystrokes and no backspaces. Additionally, SS
is the length of the string, and ST is the elapsed time in
seconds. Figure 3 shows the experimental results.

We also calculated KSPC as ⁄ for accuracy, where TS
is the total number of keystrokes and S is the length of the
string. According to [7], KSPC is the appropriate
measurement for determining accuracy with a “correct as
you go” approach. Figure 4 shows the results.

Accuracy

We analyzed the results using a one-sided paired-sample ttest.

Again, we analyzed these results using a one-sided pairedsample t-test.

 Keyboard was significantly (p < 0.0001) faster than all
other conditions.

 Keyboard was significantly (p < 0.0001) better than all
other conditions.

 None was significantly faster than F-J (p = 0.033) and
Home (p = 0.002).

 None was significantly better than F-J (p=0.007) and
Home (p = 0.001).

 Sound was significantly faster than F-J (p=0.012) and
Home (p = 0.003).

 Sound was significantly better than F-J (p = 0.018) and
Home (p = 0.003).

 Full was significantly faster than Home (p = 0.006).

 Full was significantly better than Home (p = 0.021).

 Full+S was significantly faster than all other conditions
(p = 0.012 for None, p = 0.013 for Sound, p = 0.011 for
Full, and p < 0.01 for the others) except for the
Keyboard.

 Full+S was significantly better than all other conditions
(p = 0.012 for None, and p < 0.01 for the others), except
for the Keyboard.
 Home was significantly worse than all other conditions
(p = 0.021 for Full and p < 0.01 for the others), except
for F-J.

 Home condition was significantly slower than all other
conditions (p < 0.01) except for F-J.
A similar Peak-WPM was measured for all touch surface
keyboard conditions, and thus, we can presume that the
feedback conditions did not affect the typing ability of the
participants. Therefore, the major disturbance factor is the
frequency of errors. Thus, by extracting the error rate, we
can clearly observe the difference between each condition.

Figure 4: KSPC for each feedback condition (error bars: SD)



was significantly better than None (p = 0.014). The other
conditions showed no differences.
User Survey

After the test for each condition, we asked the users to
answer four questions: (Q1) Did you like the keyboard
feedback? (Q2) Did you feel any unintended behaviors
occurred, such as a non-committed keystroke or accidental
input? (Q3) Did you feel fatigue? (Q4) Did you have to
glance at the keyboard screen often? We used a five-level
Likert scale and allowed the users to modify their previous
answers during the test. Figure 5 shows the results (higher
scores are always better). A one-sided paired-sample t-test
was used to analyze the results.

DISCUSSION

Overall, there is no doubt that Full+S showed the best
performance. Only this condition provided both the surface
texture and the auditory feedback most similar to a physical
keyboard. Although we presumed that a typing condition
with one or more feedback type can improve the typing
performance, only Full+S showed a significantly better
performance than None, which is the baseline condition.
The conditions providing only one type of feedback showed
no significance over None, which was different from our
expectations. Interestingly, F-J and Home showed the worst
performances. These conditions were designed to give the
location of the correct home-row position using partial
surface textures. However, these textures confused the users
instead of helping them, as it seems no information is better
than partial information.
Based on the user survey and an informal user interview
taken after the test, Full, Sound, and Full+S were generally
preferred. Some users reported that they enjoyed a sense of
freedom under these conditions. They felt that they could
type sentences with less annoyance. This tendency not only
agrees with our background study that tactile feedback
enhances typing performance, but also suggests that these
feedback mechanisms can provide a sensational
enhancement.
The major disturbance factor for WPM was the accuracy,
since the Peak WPM was not differentiated based on the
condition used. In addition, the difference was more
saturated in Peak WPM than in WPM alone. We
concluded that the feedback conditions had no effect on the
typing speed, but the frequency of errors did affect the
typing speed overall. Because our setup demands a
separation between the finger and the screen, we can
interpret that less erroneous conditions enabled a more
stable touch-typing experience.

Figure 5: Result of user survey. Higher scores are better. (error
bars: SD)
Likeness

Full+S was significantly better liked than all other
conditions (p < 0.01). Sound was significantly better liked
than None, F-J, and Home (p<0.01). Full was significantly
better liked than F-J (p = 0.028). The other conditions
showed no differences.
Unintended inputs

The fastest typing speed on our touch surface keyboard
reached only 67% of that found for a physical keyboard on
an average. In a study on mobile touchscreens by E.
Hoggan et al. [6], the tactile touchscreen technique used
reached almost the same speed as that for a physical
keyboard, which may imply that our feedback design is
flawed. However, we need to point out the differences in
the experiment setups used. In Hoggan’s approach, the
participants were asked to memorize an entire phase and to
type the phrase without a break in their visual focus. The
users also typed on the touch surface keyboard while
carefully viewing the keyboard area. In our experiment, the
participants were asked to type while following a phrase
displayed on the screen. In addition, because a 1-min
practice session is quite short, the participants may not have
adapted well to each configuration.

Full+S was significantly better than all other conditions (p
= 0.045 for None, p = 0.043 for Sound, and p < 0.01 for the
others). Sound was significantly better than F-J (p = 0.014)
and Home (p = 0.021). The other conditions showed no
differences.
Fatigue

Full+S was significantly better than all other conditions (p
= 0.028 for Full and p < 0.01 for the others). Full was
significantly better than F-J (p < 0.01) and Home (p =
0.018). The other conditions showed no differences.
Glance

Full+S was significantly better than None (p = 0.024), F-J
(p = 0.047), Home (p = 0.047), and Full (p = 0.035). Sound
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In our study, the keyboard area was separate from the
screen. This is not a common configuration yet. However,
several companies are now developing dual-screen laptops,
and the separation of the touch surface keyboard and
display is garnering attention. Users are sometimes forced
to use their visually separated keyboard under this type of
situation.
CONCLUSION

Our experimental results showed that Full+S dominated the
other conditions and that keyboards with partial texture (F-J
and Home) had a negative effect, contrary to our
expectations. Our main conclusion is that the combination
of full surface texture and sound feedback will be helpful in
improving the efficiency of a touch surface keyboard.
These findings may be of practical value as the statistically
significant improvement found in this study did not require
an active tactile feedback mechanism, which is not easy to
implement effectively on a touch screen, and only required
the addition of a 0.1-mm-thick layer on the screen and a
simple sound feedback mechanism.
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