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ABSTRACT
We introduce the concept of the inviscid text entry rate: the
point when the user’s creativity is the bottleneck rather than
the text entry method. We then apply the inviscid text entry
rate to define a grand goal for mobile text entry. Via a proxy
measure we estimate the population mean of the sufficiently
inviscid entry rate to be 67 wpm. We then compare existing
mobile text entry methods against this estimate and find that
the vast majority of text entry methods in the literature are
substantially slower. This analysis suggests the mobile text
entry field needs to focus on methods that can viably approach
the inviscid entry rate.
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INTRODUCTION
It is obvious text entry methods should be fast. However,
what is not obvious is how we know when we have created
a text entry method that is fast enough. The maximum upper
bound for text entry is the speed of light, which is the funda-
mental limit for how fast physical information can travel. We
also note that users can speak very fast, up to 200 wpm [16].
However, can users compose non-trivial text at such a high
entry rate? The processes of speaking and writing, while re-
lated, are significantly different (see Chafe and Tannen [2] for
an extensive overview). To put this further into perspective,
an A4 sheet of paper contains about 500 words. To be able to
write an email at 200 wpm means being able to write a short
essay filling an entire A4 sheet in just 2.5 minutes.

We introduce the concept of the inviscid entry rate. We argue
the search for faster text entry methods is bounded: there is a
limit when it is not useful to search for faster text entry meth-
ods. This point occurs when the text entry method is not the
bottleneck of the process of transferring thoughts into writ-
ing. In other words, the point when the user’s creativity is
the bottleneck rather than the text entry method. We call this
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point the inviscid entry rate. The term inviscid is borrowed
from fluid dynamics: an inviscid fluid has no viscosity. Sim-
ilarly, an inviscid text entry method does not hinder the free
flow of information from a user’s mind to the computer.

The inviscid entry rate can be estimated by measuring how
fast users can compose novel messages using an inviscid text
entry method. An entry rate depends on the amount of text
generated and the time it takes to write it. Let us define
Tcompose as the time it takes to a compose a given amount of
text and Ttranscribe as the time to transcribe the same amount of
text. Tcompose can be broken down into two components—the
time it takes to conceive the text (Tconceive ), and the time it
takes to articulate the text (Tarticulate )1:

Tcompose = Tconceive + Tarticulate . (1)

In contrast, the time it takes to transcribe memorable2 text
depends solely on the time it takes to articulate the text:

Ttranscribe = Tarticulate . (2)

For a given fixed amount of generated text, an inviscid text
entry method will result in Tcompose being markedly higher
than Ttranscribe. This is because when the text entry method is
inviscid, it is rate-limited by Tconceive . At this point, even if
Tarticulate is further reduced, it will only result in a negligible
performance improvement.

We currently do not know if a true inviscid text entry method
has been discovered. However, we can still identify a suf-
ficiently inviscid text entry method. A sufficiently inviscid
text entry method is a text entry method in which Tcompose is
markedly higher than Ttranscribe.

We demonstrate how to apply the concept of the inviscid en-
try rate to form a meaningful grand goal for mobile text entry.
If we have a population estimate of users writing with a suf-
ficiently inviscid text entry method, then we have an explicit
goal to aspire to in the field of mobile text entry. The creative
process of inventing a new mobile text entry method is then
not about creating faster text entry methods in comparison to
what is out there. Instead, it is about creating mobile text en-
try methods performing at, or slightly above, the sufficiently
inviscid entry rate. After that point, it could be more useful to
address other design aspects of text entry (such as for instance
user engagement or learnability).

1Articulation time includes not only motor actions but also fixed
overhead time spent processing visual feedback.
2The established experimental paradigm for testing text entry meth-
ods is to instruct participants to transcribe memorable sentences.
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We hypothesize that we can estimate a sufficiently inviscid
entry rate for mobile text entry by measuring how fast users
compose small messages on their regular full-sized QW-
ERTY keyboards. The assumption is that the regular full-
sized QWERTY keyboard is a sufficiently inviscid text entry
method. This is plausible for two reasons. First, the fact that
the ubiquitous full-sized QWERTY keyboard has prevailed
means that it is likely that most users are satisfied with its
speed [4]. Second, as we will show, users compose text sig-
nificantly slower than they transcribe text when they use their
regular full-sized QWERTY keyboards.

This means we can measure the text entry rate from a wide
sample of users composing novel messages using their own
full-sized keyboards and infer a sufficiently inviscid entry
rate. Assuming a normal distribution, by obtaining a popula-
tion estimate of the mean composition entry rate and adding
one standard deviation we acquire a sufficiently inviscid entry
rate that represents a text entry rate about 84% of users in the
population cannot surpass if they compose original text using
a full-sized desktop or laptop keyboard.

As a control, we also measure participants’ transcription en-
try rate. If the mean composition entry rate is markedly lower
than the mean transcription entry rate then the bottleneck for
composition was not the text entry method per se but the cre-
ativity required to invent novel messages.

ESTIMATING A SUFFICIENTLY INVISCID ENTRY RATE
We used data originally collected as part of Experiment 1 in
Vertanen and Kristensson [20]. In this paper, we re-analyzed
the data using only workers resident in the US. This was done
to focus on fluent speakers who are likely faster typists. It also
eliminated some non-US workers who appeared to be copy-
ing text rather than creating novel compositions. Removing
non-US workers reduced the number of participants from 181
to 115. We additionally removed one composition task that
was not representative of mobile text entry (the AID condi-
tion in [20]). For completeness, we explain the methodology
of the original data collection.

We recruited 115 participants from the US using Amazon’s
Mechanical Turk microtask market. They were compensated
$1 for taking part in a single Human Intelligence Task (HIT).
The average time to complete the HIT was 27 minutes. Be-
fore the first task, we asked participants to provide informa-
tion such as sex, country, age, English ability, typing ability,
and computer type.

Participants were asked to complete four tasks using their
full-sized keyboards. In each task they did ten different
transcriptions or compositions. The order of the tasks was
randomized. In all the composition tasks participants were
instructed not to disclose any private information (such as
phone numbers, email addresses or names). Participants were
prevented from pasting text. For the exact instructions given
for each task, see Figure 1 in [20]. The four task types were:

Transcription Task – Participants were presented with a
sentence and asked to type it as quickly and as accurately as
possible. The sentences were taken from a corpus of email

messages written by Enron employees on their BlackBerry
mobile devices [19]. This was the COPY condition in [20].

Composition Task 1 – Participants were presented with a
short message (e.g. “Wanna go to the park?”) and asked
to imagine they received this message on a mobile device.
They were asked to type a fictitious response. The set of
messages used in this task were created by other workers
who had been asked to invent things they might send from
a mobile device. This was the REPLY condition in [20].

Composition Task 2 – Participants were presented with
short fictitious situations (e.g. “Your co-worker Carl will
be 29 years old today. Send him a greeting.”). They were
then asked to imagine they were using a mobile device to
compose a response to this situation. This was the SITUA-
TION condition in [20].

Composition Task 3 – Participants were asked to imagine
they were using a mobile device and to compose a fictitious
message. They were also advised that if they were strug-
gling for ideas to think about things they write on their own
mobile device. This was the COMPOSE condition in [20].

Results
The average age of participants (self-reported) was 29 (sd =
10). 64% reported being female. Participants rated their En-
glish skill as native (96%) or advanced (4%). Participants
reported using a laptop (62%) or a desktop computer (38%).
Participants reported their typing ability as fast (37%), mod-
erate (59%) or slow (3%).

For the transcription task, error rate was measured as the min-
imum edit distance between the stimulus sentence and the
participant’s response, divided by the number of characters
in the stimulus sentence. This provides us with a character-
level error rate. We found that the mean error rate was 2.2%
and the median error rate was 0%. This is comparable with
other text entry experiments (e.g. [14]).

Participants’ entry rate was measured in words-per-minute
(wpm) and a word was defined as five consecutive charac-
ters including spaces. The time required to write a response
was defined as the interval between when they first typed a
character in response to a new stimulus until their last key
press before proceeding to the next stimulus. This meant that
if participants paused between stimuli, such pauses did not
affect the entry rate measurements. The mean entry rate for
the transcription task was 68 wpm. Participants transcribed a
little over 11K words.

For the composition tasks, we verified participants’ responses
were intelligible and sensible, removing from our analysis
any participants who did not provide adequate responses.
Overall participants created plausible and imaginative com-
positions (for examples see [20]). Entry rate was measured
in the same way as for the transcription task. In total, partici-
pants composed a little over 29K words.

Figure 1 shows the entry rate for each task. Participants wrote
at 57 wpm (sd = 20) in composition task 1, 43 wpm (sd = 13)
in composition task 2, and 55 wpm (sd = 18) in composition
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Text entry method Highest reported
entry rate (wpm)

Estimate of the inviscid entry rate 67

Physical thumb keyboards 60 [3]
Gesture keyboards 45 [9]
Optimized on-screen keyboards 45 [12]
QWERTY on-screen keyboards 40 [12]
KALQ thumb keyboard 37 [14]
Half-QWERTY 35 [13]
Twiddler 35 [11]
WalkType 31 [5]
ContextType 28 [6]
Disambiguating keypads 26 [7]
Unconstrained handwriting recognition 25 [8]
Dasher 20 [21]
Mobile speech 18 [18]
Quikwriting 16 [15]
Unistrokes 16 [1]
TiltText 14 [22]
Multi-tap 12 [23]
Graffiti 11[1]
EdgeWrite 7 [24]

Table 1. The highest reported entry rate in words-per-minute (wpm) of
a variety of mobile text entry interfaces.
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Figure 1. Entry rates for the composition and transcription tasks.

task 3. The grand mean composition entry rate was 52 wpm
(sd = 15). For comparison, the transcription entry rate was 68
wpm (sd = 18). According to our previous definition of the
inviscid entry rate being equal to a population estimate of the
mean composition entry rate plus one standard deviation, the
inviscid entry rate in the population is 67 wpm.

Figure 2 shows the entry rate distribution for the transcription
task and the three composition tasks. As shown in Figure
2, all composition tasks follow a roughly similar positively
skewed distribution with a mode relatively close to each other.
Thus, to estimate the inviscid entry rate we averaged the mean
composition rates in Figure 1.

The transcription entry rate (68 wpm) was markedly higher
than the mean composition entry rate (52 wpm). Thus, it is
likely the cognitive process of composing text (Tconceive ) was
the bottleneck rather than the operation of a full-sized key-
board (Tarticulate ). RM-ANOVA revealed that the difference
between mean composition entry rate (averaged over all three
composition tasks) and the transcription rate was significant
(F1,114 = 125.969, η2p = 0.525, p < 0.001).
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Figure 2. Probability densities for the transcription task and the three
different composition tasks.

DISCUSSION
In theory, the inviscid entry rate estimate enables us to as-
sess to what extent a mobile text entry methods hinders users’
free-flowing writing. Such an analysis can tell us how far we
are from the goal of achieving mobile text entry methods that
support the fluid transmission of thoughts into writing. This
analysis can in principle be carried out for various text entry
methods by, for example, measuring participants’ entry rates
when they compose novel small messages.

Unfortunately, composition tasks are rarely used in text en-
try experiments. Instead the dominating method for testing
a text entry method is to measure its performance using a
transcription task. However, we can make an upper-bound
estimate of a mobile text entry method’s performance by bas-
ing a comparison on its highest reported transcription entry
rate. If such an upper-bound estimate does not surpass our 67
wpm estimation of the sufficiently inviscid entry rate then the
probability that the text entry method will ever support users’
free-flowing writing is low.

We surveyed the literature to find the highest reported entry
rates for an array of mobile text entry methods. The results
are in Table 1. Note that these entry rates were obtained
on transcription tasks rather than composition tasks and thus
overestimate the entry rates of the methods in the table. Even
so, Table 1 shows that very few text entry methods have re-
ported entry rates near our estimate of the inviscid entry rate.
This means there is still room for active research on faster
mobile text entry methods.

LIMITATIONS AND FUTURE WORK
We defined the sufficiently inviscid entry rate for mobile text
entry to be a population estimate of the mean composition en-
try rate plus one standard deviation. This definition is to some
extent arbitrary. However, our definition has two advantages.
First, it has a clear statistical interpretation. Second, even
though it could be set higher, no existing mobile text entry
method is close to the sufficiently inviscid entry rate.

It is likely there are alternative text entry methods that are al-
ready invented or yet to be discovered that could provide a
better estimate of the true inviscid entry rate. We chose to
measure the sufficiently inviscid entry rate based on the QW-
ERTY keyboard for two reasons. First, a large proportion of
the population are highly proficient with the QWERTY key-

Gesture & Text-Entry MobileHCI 2014, Sept. 23–26, 2014, Toronto, ON, CA

337



board. There is no easily accessible large population that have
mastered a faster text entry method (such as stenography).
Second, besides the QWERTY keyboard, the only other vi-
able fast text entry method is speech. However, speech and
writing processes generate significantly different texts [2].
Therefore, in order to estimate the inviscid entry rate based on
speech it would be necessary to demonstrate that texts gener-
ated by speech are of as high quality (with high idea density,
diverse vocabulary, lack of repetition or filler words, etc.) as
text generated by other writing methods. This is an interest-
ing avenue for future research.

Previously we defined the time it takes to a compose text as
the sum of two variables: the time it takes to conceive the
text and the time it takes to articulate the text. However, these
two variables may not be independent. For speech, the cog-
nitive resources required to conceive the text will in part be
consumed by the additional cognitive resources required to
articulate it [17]. Further work is necessary to tease out the
relationship between these two variables.

CONCLUSIONS
It is obvious higher entry rates are better, but it is not as
obvious when to stop searching for ever higher entry rates
and start improving alternative design dimensions [10]. We
suggest using the inviscid entry rate as an explicit goal that
bounds the otherwise endless search for ever higher text en-
try rates. We have estimated the sufficiently inviscid text en-
try rate for mobile text entry to around 67 wpm. We com-
pared existing mobile text entry methods against this estimate
and found that the vast majority are substantially slower. Our
analysis suggests the mobile text entry field needs to focus on
methods that can viably approach the inviscid entry rate.
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