Fast and Flexible Selection with a Single Switch
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1 Introduction

In single-switch communication, user input consists oegpd clicks, distinguished only by timing

information; these clicks might be generated by pressingttob or blinking. For instance, the

range of movement of individuals with severe motor impaintsenay be limited to a single muscle.
Alternatively, a crowded or jostled mobile technology useay be able to click precisely while

other actions are difficult or sloppy. A single switch mayodie useful when information conveyed,
such as a PIN, is sensitive and hand location on a normal leegibnight betray this content. Our
method, “Nomon” (e.g. Figure 1), expands the applicatiapsoof existing methods and facilitates
faster writing than the most common single-switch writintgrface.

Existing single-switch communication methods includensiéag [1, 2] and One-Button Dasher [3,
4]. (Morse Code, in contrast, requires either click duratidormation or multiple switches.) These
methods require options to be arranged in a particular corgigpn. By contrast, traditional oper-
ating systems, web browsers, and free-form applicatiook as drawing place options at arbitrary
points on the screen. We seek a single-switch selectionadéfiat is not limited to certain forms of
option placement. We want our method to work for any numbemptibns; to be able to effectively
reorder the set of selections without imposing additiomayritive load; and to allow the user to
attend only to the desired target. Our method, Nomon, actishgs these objectives. It can fur-
ther automatically adapt to individuals’ clicking abidis and incorporate prior beliefs about option
selection frequency.

To test our method, we developed a writing application, tbenn Keyboard (Figure 1), and com-
pared its performance with a popular commercial scannitegface, The Grid 2 [5] (Figure 2). We
examined study participants’ writing speeds, error ratad,number of clicks made per character as
well as the subjective ratings of their experiences. We dahat novice users wrote 35% faster with
the Nomon interface than with the scanning interface. Areemced user (author TB, with 10
hours practice) wrote at speeds of 9.3 words per minute withndh, using 1.2 clicks per character
and making no errors in the final text.

Our work has recently been published [6]. The full technicaport describing Nomon
is available online athttp://ww.inference. phy.cam ac. uk/ nonmon/fil es/
nonon_t ech_report. pdf. The Nomon Keyboard, as well as a drawing application (Nomon
Draw) and instructions for the use of both applications,vigilable for download aht t p: //
www. i nf er ence. phy. cam ac. uk/ nonon/ under the GNU General Public License 3.0.

2 A New method

The trademark of a Nomon application is a set of small clooks, clock associated with each se-
lectable option. Each clock appears alongside its corretipg option on the screen. For instance,
in a writing application (the Nomon Keyboard), a clock appasext to each character, word com-
pletion, or text editing function (Figure 1). Each Nomonaideatures a moving hand and a fixed
line at noon. All moving hands rotate at the same, fixed spegdab any time, are located at a



variety of angles relative to noon. The user tries to clickgsely when the moving hand on her
desired clock is at noon. She repeats this action until thekdk selected. Selection is signalled by
the desired clock being highlighted with a darker color arneléntire application flashing a lighter
color; there may also be audio feedback. Between clicksdifenthan one click is required to select
a clock), the clock angular offsets are adjusted by a hésitstmaximize the expected information
content of the user’s next click.
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Figure 1: The Nomon Keyboard, a writing application (scekert). Words that are prefixed by
the concatenation of the current context and the letter Xeappext to the letter X. Underscore
represents a space. Options for period, a character-aeketnction, and an undo function are also
available.

Row-column scanning can be viewed as a special case of thehsabtection method where clocks
are synchronized and the number of clicks to selection iglfikefully general Nomon, though, we
can effectively completely reorder the set of selectioterafach click without demanding any extra
cognitive load from the user. Moreover, the independentammnt of the clock hands in Nomon
frees the user to attend only to the desired target, in csirtivahe need, in scanning, for the user to
attend both to the desired target and the moving highlighd #&» Nomon once the target is located
visually, the user is free (without suffering a performapeaalty) to focus on selecting a single,
fixed clock (rather than track the moving scan highlighthc®ithe clock periods are usually much
shorter than a full scanning rotation, there is little pgnfdr missing a potential click time.

In Nomon, unlike scanning, we assume that the user will ngags click perfectly at the desired
time. Nomon can learn a user’s probability of clicking affeliént (typically small) offsets relative
to noon. This learning is accomplished via an approximatedPawindow estimator, with contri-
butions from more recent clicks weighted more strongly tovaladaptation to a user whose skill
changes over time. We can also specify a prior probabiliyridbution over clocks according to a
predictive model of user choices. For instance, in the mgiipplication tested below, our language
model assigned prior probabilities to letters and word detigns based on the British National
Corpus word-frequency list [7]. These prior probabilittesild be adaptive and context dependent.

During a particular selection process, the posterior podity of any clock given the clicks thus
far can be calculated from Bayes’ theorem. When the proibabif a single clock is sufficiently
high, we declare it the winner. The probability thresholdvidnning is an adjustable parameter of
the model; it can vary according to context or across clogkkigher threshold can ensure greater
safety for critical actions. Our selection method implieattthe time taken to make a selection in
Nomon scales logarithmically with the number of clocks & fbrior over clocks is uniform.

3 Writing application experiment

We developed the Nomon Keyboard (Figure 1) to compare writwith Nomon to writing with

a popular commercial scanning interface, The Grid 2 [5] ({Fég2). To that end, sixteen study
participants with no previous experience of either integfavrote with both; we also collected data
from an experienced user (TB, 10 hours experience in each). In each of two sessions, a gt
used one of the interfaces to write short phrases appeanirsgreen. A session was divided into



four blocks of abouti4 minutes each. During the first three blocks, each partitipas allowed
to adjust the rotation-period or scanning-delay parametspectively, at the end of each written
phrase. No changes were allowed during the final block. Fcin aderface, cash prizes 66 were
won by the faster half of participants in the final block begidime base compensation£if0/session.
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Figure 2: The scanning grid from The Grid 2 used in this conspar study (screenshot). The
six long rectangles on the left hold word completions. Theaming options are fixed and include
letters, an underscore for space, a period, a characteti@elunction, and a word-deletion function.

Text-entry rate We calculated text-entry rate in words per minute (left pafé&igure 3), where

a word is defined as five consecutive characters in the owgtt In the final block, participants
wrote faster with Nomon than with The Grid 2Y(15 = 135, p = 6.8 - 10~9). The average writing
speed with Nomon wa35% faster; participants wrote dt3 words per minute on average with The
Grid 2 and5.8 words per minute with the Nomon Keyboard. While the alphigdayout was easy
for novices to use, a computer simulating writing from a asational corpus with no errors has
been shown to achieve ®% faster writing speed with a frequency-ordered layout thath an
alphabetic layout [2]. Even if we artificially inflate the riog writing speeds using The Grid 2 by
19%, novices remain faster at writing with Nomof(15 = 19.14,p = 5.4 - 10~%).
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Figure 3: Mean entry ratddft) and click load (ight) across interface blocks. Mean entry rate is
measured in words per minute, and click load is measureddkscper output character. In both
panels, error bars represent 95% confidence intervals éondlvice user means, and the average
experienced user (TB) performance is illustrated by hataldines for comparison.

Error rate The error rate during a block is the character-level Levesishdistance [8] (a.k.a.
edit distance) between target phrases and the text writtéhebparticipant divided by the number
of characters in the target phrases. The average novicactkatevel error rate (over all blocks)
for the Nomon Keyboard was43%, and the average novice error rate for The Grid 2 w84%.
There was no significant difference in novice error rate leetwthe two interfaced{ ;5 = 0.71,

p = 0.41). The experienced user made no errors while using Nomon au&rane error while
using The Grid 2, for a mean scanning block error raté.a6%.

Clickload The click load (right panel of Figure 3; a.k.a “keystrokesgigaracter” [9] or “gestures
per character” [4]) is the number of clicks per output-texdiacter (cpc). The average novice rate



(over all blocks) wad .58 cpc for the Nomon Keyboard and55 cpc for The Grid 2. There was
no significant difference in novice click load between the imterfaces £ 15 = 0.49, p = 0.49).
The experienced user required, on averdgel cpc for The Grid 2 and.18 cpc for the Nomon
Keyboard. For comparison, error-free writing on a normghkaard requires 1 click per character.

Subjectiveratings At the end of each session, we gave novice participants aigaeaire that
asked them to quantify how much they agreed with writteregtants, largely the same as in [10].
Participants agreed more strongly with the following staats for the Nomon interface: “I liked
writing using X;” “It was easy to select word completions;iica“It was easy to correct errors.”
Unique to an “Open Comments” section was the sentiment tbaidth looks unusual at first but is
worth getting to know. One participant remarked, “Surpagy, | found this more user-friendly.”
Another noted, “The writing system looks intimidating whiérfirst comes up on screen but is
actually very easy to use.”

4 Discussion

Nomon benefits in this comparison from its nice scaling priige and clock-position flexibility.
While a Nomon writing application allows a straightforwardmparison of Nomon with existing
single-switch communication methods, the Nomon selegatiethod is not limited to writing. For
example, Nomon can be used for internet browsing by placiigraon clock next to each link. Or
Nomon can be used for drawing by placing a dense grid of, saylteds of clocks on a canvas.
(The Nomon Draw application works in this way.) A user cannadine by selecting its endpoints
directly from the canvas.
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