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Abstract. In this article, we propose WordGlass, a system of additional
keys that are dynamically added as the user types. Each key proposes
one of the most likely words. The keys have been spaced out on the key-
board so that one additional key can be displayed above and another
below the last key pressed, without obscuring the keys already present.
First results show that, WordGlass has some benefits: the prediction use
rate is much higher with WordGlass than with WordList. The majority
of participants said that it was easier to see a word that was close to the
pointer than to look beside the keyboard. This proximity to the cursor
was also reflected in the distance covered by the pointer. On average, par-
ticipants covered 48% less distance with WordGlass than with WordList.
With this reduction of the travelled distance and the better use of the
words proposed, the participants were 5% faster with WordGlass than
with WordList.

Keywords: motor disability · text entry · assistive technologies · word
prediction

1 Introduction

People with motor impairments have difficulty accessing text input devices. To
address these needs, a range of assistive technologies have been developed in the
form of virtual keyboards [14]. However, numerous studies show that the speed
of text input using a soft keyboard remains relatively slow [4,7,10]. In response to
this observation, some keyboards are enhanced with linguistic prediction modules
attempting to make text input faster. On the one hand, the use of character
prediction makes it possible to dynamically reorganize the key layout in order
to optimize access to the most likely characters given the text already entered
[1,9,15]. The main limitation of this solution lies in the constant reorganization
of the keyboard, which can disturb the user. In fact, this dynamic reorganization
is limited to scanning keyboard [16].

Another solution being considered to accelerate typing is the use of word pre-
diction, which makes it possible to limit the number of characters to be typed
to compose a message. Word prediction models propose a list of the most likely
words to be typed (for example, UKO [5], Centralist [3] or POBox [8] presented
in Fig. 1). The words displayed are suggested according to the words already
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entered and the first characters of the word currently being entered. Word pre-
diction has also proved its effectiveness, reducing the number of characters to be
typed by two. However, its use has a strong impact on the cognitive load of the
user, who has to observe both the virtual keyboard and the word prediction list.
The few experimental studies carried out on the subject have shown that the
improvement in typing speed is limited, and that the use of effective prediction
is much lower than its theoretical optimum use [16,13].

Fig. 1: At the top left, the UKO keyboard with a list on the right of the keyboard;
at the bottom left, PoBox with the list of words near the pointer on the keyboard;
at right, Centralist with the characters arranged around the list.

2 WordGlass

In this article, we propose WordGlass, a system of additional keys that are
dynamically added as the user types. Each key proposes one of the most likely
words. The POBox system also offered a list of words near the cursor. The
advantage of this technique is that the user can focus on the keyboard without
having to look at something nearby. Moreover, it also limits cursor movements
when the user wants to select a word from the list. But, the disadvantage of
POBox is that the word list covers a part of the keyboard and makes it difficult
to access the characters underneath. To remedy this problem, WordGlass uses
the same principle as KeyGlass [12], where characters are suggested on additional
keys. These keys appear around the last character entered and suggest the 4 most
likely characters (Fig. 2). These keys are arranged so as not to obscure the other
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keys on the keyboard. To achieve this, the keys on the keyboard are hexagonal,
leaving a space at each corner.

Fig. 2: At left, part of the keyboard layout ; at middle: KeyGlasses suggested
after entering the ’S’ ; at right : KeyGlasses that appear after entering the ’E’
that has been placed on a KeyGlass.

WordGlass adopts the principle of placing additional keys with the most
likely words close to the last character typed. The keys have been spaced out on
the keyboard so that one key can be displayed above and another below the last
key pressed, without obscuring the keys already present (Fig. 3). As users only
look at the 2 or 3 words in the list [13], we have also chosen to keep only the 2
most likely words.

Fig. 3: Additional keys available after entering the ‘B’

Our hypotheses are as follows: (H1), the user will have the proposed words
in his field of vision and will therefore be more likely to see the proposed words.
As a result, he will use them more than those proposed in a list displayed close to
the keyboard. (H2), as the words are closer to the pointer, the distance travelled
by the pointer will be reduced with WordGlass.
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3 Method

To test WordGlass, we conducted a first experiment comparing WordGlass with
a traditional word list from the right of the keyboard.

3.1 Participants

Ten participants, three females and seven males, from 18 to 27 years old, took
part in the experiment.

3.2 Apparatus

The experiment was conducted on a laptop with a resolution of 1920×1080 pix-
els. Participants interacted with the soft keyboard through a mouse. Keyboard
layout is an AZERTY which was restricted to the 26 characters of the Latin
alphabet, the backspace key, the space bar and the seven accented characters
most commonly used in the participants’ native language. The soft keyboard
was developed in Java SE and its Swing library. The soft keyboard with the
traditional word list, called WordList in this article, offers a list of four words
on the right of the keyboard (Fig. 4).

Fig. 4: WordList with the four words after entering the ‘B’

3.3 Procedure

The task to be performed is a copy task. The sentence to be copied was presented
on a line, and the sentence being typed by the user appeared on the line below.
Participants were asked to enter as many sentences as possible per exercise, and
as accurately as possible. Each exercise lasted 10 minutes. Once the 10 minutes
had elapsed, the exercise stopped when the participant validated the sentence
being typed. The sentences are randomly selected from a corpus of 90 sentences
[6]. Each sentence contains words chosen among the most common ones and
are statistically representative of the participant’s language. A learning phase,
consisting of entering a randomly selected sentence, preceded each exercise.
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3.4 Design

The experiment was a within-subjects design with word prediction method
(WordGlass, WordList) as independent variable. The dependent variables were
text entry speed (cps), prediction use rate (%), and distance (pixel).

Participants were divided into two groups for counterbalancing and were
randomly assigned to two groups of four. One group started with WordGlass
and and the other started with the WordList.

4 Results

We present below the results of our experiment, organized by dependent variable.

4.1 Text entry speed

We computed the text entry speed per sentence. This was calculated by dividing
the length of the sentence (including space between words and at the end of
sentence) by the time (in seconds) to enter this sentence. Thus, this text entry
speed is done in characters per second (cps). Participants were on average 5%
faster withWordGlass than withWordList (1,368 cps and 1,302 cps respectively),
but this difference was not significant (F1,9 = 1, 561,ns).

4.2 Prediction use rate

The prediction rate is the ratio between the number of times the word to be
entered is proposed to the user and the number of characters entered on the
keyboard. The prediction rate was 44.41% with WordList compared with 33.88%
for WordGlass. This difference is explained by the fact that WordList has four
words, whereas WordGlass has only two. We also calculated the prediction use
rate: i.e. the number of times the participants selected the word compared to the
number of times the word was proposed. Participants used the words proposed on
WordGlass in 79.29% of cases, compared with only 58.14% when the words were
presented on WordList. The prediction use rate effect was statistically significant
(F1,9 = 15.234, p < .005).

4.3 Distance

Finally, we calculated the mean distance travelled by the pointer to enter a
character. The mean distance is the total distance travelled by the pointer to
select the different elements (characters or words) divided by the total number
of characters entered. For words where the participants selected one of the pro-
posed words, the average distance covered by the pointer was 109 pixels with
WordGlass and 210 pixels with WordList. This represents a 48% reduction in
the distance travelled by the pointer.
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5 Discussion and future work

This first study confirms our hypotheses: participants used the words suggested
in WordGlass more often than in WordList (H1). The majority of participants
also said that it is easier to see a word close to the pointer than to look beside
the keyboard. Similarly, the calculation of the travelled distance shows that the
pointer travelled almost 50% less distance with WordGlass when the partici-
pants were using the suggested words (H2). In addition, when there were few
characters left to type on the current word, the participants recognized that they
preferred to continue typing on the keyboard rather than moving to the list.

With this reduction of the travelled distance and the better use of the words
proposed, the participants were 5% faster with WordGlass than with WordList,
but this difference is not significant. On the other hand, the text input speed is
not very high compared with text input speed on physical devices. But it is in
the range of text input speed observed on soft keyboards [11] and it is higher
than on comparable systems [2].

Finally, some participants told us that the advantage of WordList was that
it offered more words and that, as a result, the word they were looking for could
appear earlier in the suggestions. We will carry out an additional study with
four words proposed for WordGlass. two words will be proposed above the last
character entered and two others will be proposed below. This additional study
will enable us to validate the best choice between two or four words proposed
around the key, and to study whether WordGlass with four words increases the
user’s typing performance or degrades it compared with WordGlass with two
words.
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