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ABSTRACT

Text entry can be challenging for users with reduced motor function. Prefix-based prediction has been successfully applied
for text in English and other languages. However, prefix-based text prediction does not work optimally in Germanic
languages such as Norwegian where long words are constructed through linguistic compounding. This study explored
automatic abbreviation expansion as a means for improving text entry performance. A mixed text entry experiment
involving n = 36 participants without reduced motor function was conducted. Three types of input devices designed for
individuals with reduced motor function were used in the experiments, namely a virtual keyboard operated by a touchpad,
a software head mouse, and keyboard scanning. Physical QWERTY keyboards were also included for reference. The results
show that the abbreviation only lead to a marginal improvement with the slowest of the four input techniques, namely
keyboard scanning. Abbreviations yield slower text entry performance with the other text entry modes.
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1. INTRODUCTION

Individuals with certain types reduced motor function may experience difficulties operating computers in the office,
operating appliances in the home [31] and operating technologies in public spaces such as self-service kiosks [13]. Text
entry is one of the most widely used modes of operating computers and the literature on text entry is vast [33, 34, 27].
Reduced motor function can take many forms including stiffness, tremor, slowness, missing body parts, paralysis, etc. A
wide range of techniques has been proposed to facilitate the operation of computers for users with reduced motor function
[40]. Examples include text input with pens [42], joysticks [38, 30], switches [25, 36], head mouse [3], eye-gaze [17, 21],
eye-blink [18] and tapping [35]. Several innovative means of inputting text for individuals with reduced motor function
has also been proposed such as chording [28, 32] where each finger of one hand is assigned a specific key and various key
combinations are used to input text. Keyboard scanning [10] allows users to select the desired key once it is highlighted by
an automatically moving cursor. Text prediction [7, 11] works by suggesting complete words before the entire word is
completed. Ambiguous keyboards [19] allow the input of text with fewer keys than characters by assigning multiple
characters to each key and using dictionaries to resolve the ambiguities. Text entry based on gestures can be beneficial for
both certain types of reduced mobility and reduced vision as the user makes relative motions instead of hitting absolutely
positioned targets [37, 5]. In some context, text input can be avoided altogether such as with QR-codes scanned with
smartphones [16].

Input techniques are sometimes combined, for example can scanning keyboards and word prediction be applied
together [15]. With such a combined approach, users produce the basic characters with the scanning keyboard, while in
addition they utilize word prediction to quickly complete the input of words being suggested. As fewer steps are needed
the text entry performance is improved. The scanning input technique and word prediction are independent of each other
as scanning can be used without word prediction and word prediction can be performed with other input means such as
physical QWERTY keyboards [2]. Other input techniques explored include control through uttered sounds [8], speech [1],
phonemes instead of letters [39] and EEG signals [9].

Automatic abbreviation expansion has been proposed as a substitute for word prediction in languages characterized by
compound words such as German and Norwegian [41, 24, 29]. The rationale is that prefix-based text prediction works
better for languages with few compound words. Compound words are composed by two or more basic words and
therefore can be quite long. For example, fylkestrafikksikkerhetsutvalgssekretariatsleder-funksjonene (chair of the
secretariat of the county-committee for traffic-safety) is one of the longest Norwegian words. It has 58 characters and is
composed from the seven words fylke (county), trafikk (traffic), sikkerhet (safety), utvalg (committee), secretariat
(secretariat), leder (leader) and funksjonene (functions).

According to the Norwegian Language Council there are 300 000 words in the Norwegian language as listed in formal
dictionaries. Most of these entries are compound words [23]. Typically, Norwegians tend to actively use between 5 000
and 6 000 words, and most native Norwegian speakers have knowledge of about 30 000 to 40 000 words.

For languages with compound words the tree of possibilities is too large to be presented on a single display given short
prefixes. Often the user needs to enter long prefixes before accurate predictions can be made. The idea of abbreviation
expansion is that the user will instead input certain characters throughout the word that sufficiently characterize the
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word. A practical abbreviation strategy is only to input consonants. For example, to input the word “consonants” the user
simply enters “cnsnts” giving a saving of three characters. Clearly, abbreviations are not necessarily useful with shorter
words, but become potentially more beneficial with longer words as more characters can be dropped, giving larger savings
in input effort.

The documented research on automatic abbreviation expansion is scarce. This is probably because only a subset of
languages combines words and most of the focus in the English research literature is indeed English-language computer
systems. Consequently, there is a lack of empirical data. Another complicating factor could be the challenge of recruiting
participants from the target group, which has been repeatedly commented on in the keyboard scanning literature [4, 10].

In one related study of prefix-based suggestions and corrections [26] it was found that users subjectively prefer to
enter text although suggestions reduce the number of input steps. Moreover, the process of evaluating and selecting
suggestion alternatives interferes with the text entry flow and may thus impair the performance.
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Figure 1. Expected results with abbreviation.

This study thus presents preliminary experimental results with abbreviation-based text entry conducted on
participants without reduced motor function. Several input devices typically used by users with reduced motor function
were explored. It was predicted that the benefit of automatic abbreviation expansion is more prevalent in situations where
users need to either invest much physical effort or waiting time to enter text. If the input of text can proceed at a
relatively rapid rate it was expected that the cognitive load required to abbreviate words is too high for automatic
abbreviation expansion to be beneficial. Figure 1 illustrates the predicted effect of abbreviations as opposed to having no
abbreviation. Clearly, the text entry performance measured in terms of words per minute (wpm) is linearly related to the
speed of the input device. Hence, a fast input device such as a keyboard that affords direct keypresses is faster than
keyboard scanning where the user must wait for the desired key to be highlighted. With input devices that allows high
input speeds the abbreviations provide no gains, while the gain of abbreviations is predicted to be beneficial at certain
point for devices with low input speeds (where the two curves cross).

2. METHOD

2.1 Experimental Design

The purpose of this experiment was to explore the effect of automatic abbreviation expansion on text entry
performance. A mixed experimental design was conducted with one between-group factor and one within-group factor.
Each participant was exposed to one of the input methods under both the abbreviation and no abbreviation conditions,
namely the physical keyboard, touchpad, head mouse and the scanning keyboard. A mixed design was chosen instead of a
within-group design as it was considered unrealistic to expose each participant to all four variations due to the amount of
physical and mental effort involved.

Abbreviations versus no abbreviations was thus the first independent variable (within-groups). Input device was the
second independent variable (between-groups) with four levels, namely a regular physical keyboard, pointing with the
Microsoft On Screen (virtual) Keyboard (OSK) using a touchpad, pointing with OSK and a head mouse and OSK in
scanning mode. The rationale for choosing these input devices was that they exhibit different levels of input speeds,
where the keyboard is the fastest, followed by virtual keyboard, virtual keyboard in scanning mode and head mouse in
scanning mode. Input productivity in terms of words per minute was the dependent variable. Although the observation of
error is of key importance this preliminary study only focused on the text entry performance. The participants were asked
to ignore errors and continue when they made incorrect selections.



2.2 Participants

A total of 36 participants comprising a mix of males and females in their twenties were recruited for the experiment.
Most of the participants were students at the author’s institution. No participants reported having any reduced motor
function. All the participants were regular computer users, but none of them had any experience with scanning keyboards
and automatic abbreviation expansion prior to the experiment.

2.3 Experimental Software Platform

A dynamic abbreviation expansion engine with a simple experimental test environment was implemented in Java. The
user simply enters text or abbreviations in a text window. The system proposed suggested expansion as the user entered
text.

2] Reflective text input
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[1:bro_nsen 2:brunsten 3:bransjen 4:barnsben 5:brunosten 6:barng
9:barneseng ...]

[1:barnesang 2:barneseng 3:begrensing 4:barnesenger 5:barnese
8:barnesanger 9:brannslange ...]

Figure 2. Entering the word barnesanger (children’s songs) with the abbreviation brnsng.

Up to 9 abbreviations are suggested and the user selects an abbreviation by selecting the number associated with a
given suggestion. The abbreviation expansion engine waits for three letter-keystrokes before attempting to find suggested
words for the abbreviation. As additional characters are input the abbreviations become more focused. The system was
thus used for both the abbreviation-based condition and the condition without abbreviations to maintain the experimental
conditions fixed (with suggestions disabled).

Figure 2 shows how the word barnesanger (children’s songs) is input using the software. First, the system displays a
prompt and obviously no alternatives. The user must enter three characters brn before the system starts to display any
alternatives. Once the user has entered the six characters brnsng the correct alternative is displayed. This word is selected
by inputting the digit 8. Thus the 11-character word is input with a total of 7 characters.

Abbreviations are expanded by doing a brute force search on a full wordlist of Norwegian words with all grammatical
forms (a total of 181 739 words). An algorithm for finding the least common subsequence [14] was used to match the text
string against all the entries in the word list. All the words in the wordlist with matching subsequences to the input
sequence are retrieved. The list of retrieved words is often quite large. Only nine words are displayed to exploit the
availability of numeric keypads on physical and virtual keyboards. To select the most likely nine words to display from
the list, the shortest words are chosen as well as those with matching prefixes. Hence, the system also benefits from
prefix-based prediction in the cases where prefixes are applicable.

To speed up the processing separate wordlists were pre-generated for each word lengths. Only lists with words of the
same length as the query string or longer are searched. Despite the exhaustive search it took usually less than a second to
conduct the search using a laptop computer.

2.4 Experimental Setup

The experiments were performed using a Windows laptop computer with a regular QWERTY keyboard, a built-in
webcam and a touchpad.

The default Windows OSK scanning setup was used where the entire keyboard is scanned in three phases. First, the
rows on the keyboard are scanned from top to bottom. Next, groups of keys along each row are scanned. Finally, the keys
within a group of (usually) three keys are scanned. Digits are thus accessible via the first row before the letters. Backspace
is positioned after the digits in the last group. The digits are the most easily accessible with the fewest number of scanning
steps. In total, three selections are needed to enter a character. The number of scanning steps depends on where the



desired key is located on the keyboard. Generally, keys on the left towards the top require fewer scanning steps than the
keys on the right side towards the bottom. Clearly, the total waiting time depends on the number of scanning steps. If the
user misses a selection during the scan of one of these three phrases the scan rolls-around and starts from the beginning.
If the user makes an incorrect selection of row or group, the user can wait for the scan to roll around twice and the
current input process will timeout.

The default dwell time of 1 seconds was used. A dwell time of one second is relatively slow compared to what is
reported for trained users. However, it was chosen as it was considered manageable by the participants who were
unfamiliar with keyboard scanning.
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Figure 3. Effect of abbreviation expansion. Error bars show standard deviation.

The Windows On Screen Keyboard was used for both the virtual keyboard-pointing conditions with touchpad and
head mouse. The Windows On Screen Keyboard was also used in scanning mode for the scanning input condition with
the default setting of spacebar as a switch.

2.5 Materials

A head mouse was used for head tracking (http://www.cameramouse.org/). This program allows the mouse pointer to
be moved using head movements captured by the laptop camera. Dwell times of 1 second and normal-radius settings were
used to make selections.

The phrase sets used were designed with slightly different objectives than what is common in text entry research and
it was therefore not possible to use MacKenzie and Soukoreff’s de facto standard phrase sets [20]. Two conditions had to
be satisfied. First, the phases had to be in Norwegian, and second, the phases had to contain well-known long compound
words. Moreover, the text entry sessions were kept short to simplify the recruiting of participants. As the task was
unusual and quite demanding it was expected that participants would have a low tolerance for long sessions.

Simple Norwegian phases were constructed ranging from 32 to 63 characters with some longer, yet well-known high-
frequency words. All characters were lower-case and there were no punctuation symbols. Phrases were presented in
random order.

2.6 Procedure

Each participant was given a few minutes to try the given text entry technique and abbreviation before the experiment
started. The participants were asked to perform a text copy task where the text to be copied was printed on a piece of
paper. The abbreviation/non-abbreviation conditions were randomized. The users were tested individually. The physical
keyboard sessions lasted from 10 seconds to 1.1 minute, while the longer scanning keyboard sessions lasted from 4.4
minutes to 10.2 minutes.

Inspired by SOUNDEZX, the old phonetic method for composing compact telegrams [6] the participants were suggested
to use an abbreviation approach where one simply inputs the consonants in a word, excluding double consonants. This
abbreviation approach was easy to explain. It was assumed that this approach also worked quite well since testing with
this approach revealed a reduction of around 50% in input characters. Note that this abbreviation approach was only a
non-mandatory suggestion. Statistical analyses were performed using JASP version 0.8.6.0.

3. RESULTS

Figure 3 summarizes the results. As expected, the most productive text entry in terms of wpm was achieved with the
traditional QWERTY keyboard without abbreviation (M = 38.8, SD = 14.9). The traditional QWERTY keyboard was also



associated with the largest spread in observation reflecting the participants varying QWERTY text entry performance and
skill.

The four input techniques (between-subjects factor) were significant different (F(3, 32) = 65.7; p < .001) as well as the
within-subject effect of abbreviations (K1, 32) = 33.5; p < .001). There was also a significant interaction between the input
type and abbreviation (K3, 32) = 27.7; p < .001).

Exploring the abbreviation specifically for each of the four participant groups it was found that head mouse was the
only input device with no significant difference between using abbreviations and no abbreviations (#(8) = 0.364, p = .725),
namely (M = 4.1, SD = 0.9) with abbreviations and (M = 4.2, SD = 0.3) without abbreviations. The head mouse was about
twice as slow to use compared to the touchpad.

For physical keyboards the abbreviations resulted in significantly slower text entry rates (M = 11.14, SD = 3.5) than no
abbreviations (#(8) = 5.44, p < .001). In fact, the abbreviation technique slowed down participants as the input rate was
about one quarter of the keyboard use without abbreviation.

A similar pattern was also observed for the touch pad where abbreviations lead to slower text entry rates (M = 5.7, SD
= 1.6) compared to not using abbreviations (M = 8.1, SD = 1.3) and this difference was significant (#8) = 3.58, p = .007).
Clearly, abbreviations were not beneficial to the text entry performance. As expected, the touchpad-based pointing-based
text entry yielded the second highest text entry performance, yet much lower than the physical keyboard.

A totally different pattern was observed for keyboard scanning where the abbreviations led to faster text entry rates (M
= 2.2, SD = 0.5) than without abbreviation (M = 1.8, SD = 0.4) and the difference was statistically significant (#8) = 3.6, p =
.007). However, the effect size (a difference of just 0.4 wpm) is small and in practical terms this difference has little real
significance. The scanning keyboard was the least productive of the four input devices explored herein with about only
half the speed of the head mouse.

By analyzing the between-subject observations of different input devices with abbreviations (K3, 32) = 32.6, p < .001),
Tukey post-hoc tests confirmed that the results obtained with the keyboard were significantly different from those
obtained with the three other devices (p < .001). Moreover, the touchpad was also significantly different from the scanning
keyboard (p = .004) but not significantly different to the head mouse (p = .33). The observable difference between the head
mouse and the scanning keyboard was also not statistically significant (p = .203).

The observations without abbreviations exhibited a similar pattern (F3, 32) = 47.9, p < .001) where Tukey post hoc tests
revealed that the physical keyboard was significantly different from the other input techniques (p < .001), while none of
the other pairs were significantly different.

Generally, the results indicate that abbreviations are not beneficial. Signs of advantages with automatic abbreviation
expansion is only visible for keyboard scanning which is the slowest of the input methods addressed herein. Still, this
result is noteworthy as the experiment is conducted with only novice participants during a very short time interval
showing that they can adapt to, and exploit, the abbreviation technique. It would therefore be relevant to explore the
effect of abbreviation in a longitudinal study with longer sessions.

The variances of the three slowest techniques are much smaller than the variance for the physical keyboard. This is
probably because none of the participants had any substantial practice using the virtual keyboards, head mouse and
scanning keyboards.

Although not explicitly measured, it was observed that users tended to write out words in full rather than rely on
suggestions. This observation agrees with the findings in previous work [12] where users preferred to enter text without
suggestions as the evaluation and selection of suggestions impaired performance. It is likely that there is even a lower
preference for abbreviation expansion than prefix expansion since it involves more mental work. In addition, abbreviation
expansion is an unfamiliar concept compared to prefix expansion, which has become a commonly used input mechanism.
Moreover, a prefix is a natural part of a word. Future work should explicitly measure the degree with which users rely on
the abbreviations or write out words in full.

4. LIMITATIONS

The observations in this study is of participants without reduced motor function. The participants thus use the same
software as would users with reduced motor function. Indeed, the motor function of the participants is not the same as the
actual motor function of disabled users. The human motor system is complex with individual segments automatically
counterbalancing adverse effects such as momentum and balance of actions performed by other segments, in this way the
system as a whole can provide a particular level of performance. For disabled users such performance may be
unachievable if these counterbalancing mechanisms are absent. For example, the users in this experiment would use the
head-mouse quite different than users with reduced motor function. Moreover, the participants were all new to the
keyboard scanning and head mouse input techniques and abbreviations, and it is unlikely that their performances are
comparable to those of users with experience using such input techniques. Disabled users may be more experienced and
trained using some of these input techniques such as head-mouse and keyboard scanning and hence experiments with
such participants may lead to higher text entry observations than was observed herein. It is unlikely to be any users well-
trained in using automatic abbreviation expansion as there are currently no such commercial technologies available.
Therefore, to make any reliable conclusion about whether abbreviation-based text entry is beneficial a longitudinal study,
such as [41, 22], on users with various forms of reduced motor function is needed. The results herein can thus only be
viewed as preliminary indicators.



The prototype software presented up to nine suggestions during text entry justified from the easy access of 9 digits on
numeric keypads. It is possible that fewer suggestions may have been less cognitively demanding to process, for example
six suggestions which is common on smartphones and web-based search such as Google. Another problem could be that
these suggestions were displayed horizontally along one or two lines of text. Instead, by presenting the suggestions
vertically as for instance is done in the Google search interface it is possible that the suggestions would be easier to
process and hence produce more favorable results. However, all the experimental conditions involving abbreviations were
conducted using the same presentation and the results are all thus affected equally.

Another potential weakness of the experiment is that the phrases to be copied was presented on paper, hence shifting
focus between the sheet of paper and the display. This approach was adopted for practical reasons of simplicity although
it is common practice in text entry experiments to display the phrases to be copied directly in the experiment interface. As
the text entry tasks with abbreviations and scanning are quite time-consuming it is unlikely that this have affected the
results much since most of the time is spent waiting for scans. With more rapid text entry schemes the visual switching
between paper and display may become more of a bottleneck.

Moreover, the text entry sessions were short. Future work should therefore focus on longer text entry sessions,
preferably across multiple sessions. This will allow for more robust and reliable observations.

Another issue was that participants were given a hint on how to abbreviate. It would be interesting to explore the
effect of not providing the participants with a set abbreviation method, but rather allow the participants to explore and
find their own approach to abbreviations. However, there is also a chance that by not making the participants aware of
the practical use of the abbreviation functionality the participants may not have used it.

The Windows OSK scanning keyboard was used herein as it was easily available. However, there are several obvious
shortcomings with the design of the Windows OSK scanning mode such as three scan levels and long scans paths.
Previous research on keyboard scanning often rely on only two scan levels and shorter scan paths [10]. With such designs,
less effort is needed to input text. Future research should therefore employ special purpose third-party keyboard scanning
software.

Finally, the cost of making errors can be high with certain scanning layouts as the user will have to retrieve backspace
via the scanning keyboard. Future work should also investigate errors, both the quantity of errors and the nature of the
errors. The abbreviation strategies employed by the users should be investigated in more detail and the learning of the
best abbreviations for commonly used words over time should be catalogued.

5. CONCLUSIONS

Preliminary experimental data with abbreviation-based text entry was collected. Three text entry mechanisms typically
used by users with reduced motor function were explored in conjunction with abbreviations. The results based on very
short initial sessions show that the abbreviations are non-beneficial to users unless for the text entry method is highly
time-consuming to use, such as with keyboard scanning. The OSK in scanning mode was used, and this implementation
requires both visual attention, waiting and mental effort to use since the user needs to make three decisions per character.
One explanation for these initial results is that the mental load involved in creating abbreviations is higher than the
physical effort and skill involved in using regular keyboards. Further work involves exploring if abbreviation-based text
entry would be less beneficial for more efficient scanning keyboards. Moreover, observations should be made of users
with reduced motor function. It is relevant to explore how users would adapt to both abbreviation and scanning over time.
Also, it would be valuable to measure how users with extensive experience using scanning keyboards would respond to
abbreviations. One would expect that such users may experience text entry performance improvements. However, such
users are very hard to locate and recruit. The issue of abbreviation errors also deserves attention, as it was not addressed
herein.

Acknowledgements
The author is grateful for the students who participated in the experiment.

References

<bib id="bib1" type="Proceeding"><number>[1]</number>Shiri Azenkot and Nicole ] 2013. Exploring the use of speech input by blind people on
mobile devices. In Proceedings of the 15th International ACM SIGACCESS Conference on Computers and Accessibility (ASSETS '13). ACM, New York, NY,
B84, Article 11, 8 pages. DOI: hitp://dx.doi.org/10.1145/2513383.2513440</bib>

<bib id="bib2" type="Periodical"><number>[2]</number>Gerd Berget and Frode Eika Sandnes. 2016. Do autocomplete functions reduce the impact of
dyslexia on information searching behaviour? A case of Google. Journal of American Society for Information Science and Technology 67, 10: 2320-2328. DOI:
https://doi.org/10.1002/asi.23572</bib>
<bib id="bib3" type="Periodical"><number>[3]</number>Margrit Betke, James Gips and Peter Fleming. 2002. The camera mouse: visual tracking of body
features to provide computer access for people with severe disabilities. IEEE Transactions on neural systems and Rehabilitation Engineering 10, 1: 1-10.</bib>
<bib id="bib4" type="Periodical"><number>[4]</number>Samit Bhattacharya, Debasis Samanta and ;Anupam Basu. 2008. Performance models for automatic
evaluation of virtual scanning keyboards. IEEE Transactions on neural systems and rehabilitation engineering 16, 5: 510-519. DOI:
https://doi.org/10.1109/TNSRE.2008.2003377 </bib>
<bib id="bib5" type="Proceeding"><number>[5]</number>Steven J: Castellucci and 1. Scott MacKenzie. 2008. Graffiti vs. unistrokes: an empirical
comparison. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI '08). ACM, New York, N, l8A, 305-308. DOI:
https://doi.org/10.1145/1357054.1357106 </bib>

<bib id="bib6" type="Periodical"><number>[6]</number>
<bib id="bib7" type="Periodical"><number>[7]</number>Jo
typing aid. Computer 23, 11: 41-49.</bib>

998. Soundex-can it be improved?. Computers in Genealogy 6: 215-221.</bib>
H. Witten: and Mark L. James. 1990. The reactive keyboard: A predictive




<bib id="bib8" type="Proceeding"><number>[8]</number Thiago Valle, and Wilson Prata. 2013. PuffText: a voiceless and touchless text
entry solution for mobile phones. In Proceedings of the 15th International ACM SIGACCESS Conference on Computers and Accessibility (ASSETS '13). ACM,
New York, NY, @88, Article 63 , 2 pages. DOI: http://dx.doi.org/10.1145/2513383.2513424</bib>

<bib id="bib9" type="Proceeding"><number>[9]</number>Andrew Fowler, Brian Roark, Umut Orhan, Deniz Erdogmus, and iMelanie Fried-Oken. 2013.
Improved inference and autotyping in EEG-based BCI typing systems. In Proceedings of the 15th International ACM SIGACCESS Conference on Computers
and Accessibility (ASSETS '13). ACM, New York, NY, , Article 15, 8 pages. DOI: http://dx.doi.org/10.1145/2513383.2513453 </bib>

<bib id="bib10" type="Periodical"><number>[10]</number>Gregory Francis and Elizabette Johnson:. 2011. Speed-accuracy tradeoffs in specialized
keyboards. International Journal of Human-Computer Studies 69, 7: 526-538. DOI: https://doi.org/10.1016/j.ijhcs.2011.04.002</bib>

<bib id="bib11" type="Periodical"><number>[11]</number>Nestor Garay-Vitoria and Julio Abascal. 2006. Text prediction systems: a survey. Universal
Access in the Information Society 4, 3: 188-203.</bib>

<bib id="bib12" type="Proceeding"><number>[12]</number>Tiago Guerreiro, Hugo Nicolau, Joaquim Jorge, and Daniel Goncalves. 2009. NavTap: a long
term study with excluded blind users. In Proceedings of the 11th international ACM SIGACCESS conference on Computers and accessibility (Assets '09).
ACM, New York, N, 88, 99-106. DOI: http://dx.doi.org/10.1145/1639642.1639661 </bib>

<bib id="bib13" type="Periodical"><number>[13]</number>Simen Hagen and Frode Eika Sandnes. 2010. Toward accessible self-service kiosks through
intelligent user interfaces. Personal and Ubiquitous Computing 14, 8: 715-721. DOI. https://doi.org/10.1007/s00779-010-0286-8</bib>

<bib id="bib14" type="Periodical"><number>[14]</number 977. Algorithms for the Longest Common Subsequence Problem. J. ACM
24, 4: 664-675. DOI: http://dx.doi.org/10.1145/322033.322044</bib>

<bib id="bib15" type="Periodical"><number>[15]</number>Heidi Horstmann Koester: and Simon P: Levine. 1994. Learning and performance of able-bodied
individuals using scanning systems with and without word prediction. Assistive Technology 6, 1: 42-53.</bib>

<bib id="bib16" type="Periodical"><number>[16]</number>Yo-Ping Huang, Yueh-Tsun Chang and Frode Eika Sandnes. 2010. Ubiquitous information
transfer across different platforms by QR codes. Journal of Mobile Multimedia 6, 1: 3-13.</bib>

<bib id="bib17" type="Periodical"><number>[17]</number>Thomas E. Hutchinson.
Human-computer interaction using eye-gaze input. IEEE Transactions on systems, man, and cybemetlcs 19, 6: 1527-1534.</bib>

<bib id="bib18" type="Periodical"><number>[18]</number>Alexandra Krélak and Pawel Strumillo. 2012. Eye-blink detection system for human-computer
interaction. Universal Access in the Information Society 11, 4: 409-419. DOI: https://doi.org/10.1007/s10209-011-0256-6</bib>

<bib id="bib19" type="Periodical"><number>[19]</number>I. Scott Mackenzie and Torsten Felzer. 2010. SAK: Scanning ambiguous keyboard for efficient
one-key text entry. ACM Trans. Comput.-Hum. Interact. 17, 3, Article 11 (July 2010), 39 pages. DOI: http://dx.doi.org/10.1145/1806923.1806925</bib>

<bib id="bib20" type="Proceeding"><number>[20]</number>IL. Scott MacKenzie and R. William Soukoreff. 2003. Phrase sets for evaluating text entry
techniques. In CHI '03 Extended Abstracts on Human Factors in Computing Systems (CHI EA '03). ACM, New York, NY, US4, 754-755. DOI:
http://dx.doi.org/10.1145/765891.765971 </bib>

<bib id="bib21" type="Book"><number>[21]</number>Piivi Majaranta: and Kari-Jouko Réihé. 2007. Text entry by gaze: Utilizing eye-tracking. Text entry
systems: Mobility, accessibility, universality, 175-187.</bib>

<bib id="bib22" type="Proceeding"><number>[22]</number>Hugo Nicolau and Joaquim Jorge. 2012. Elderly text-entry performance on touchscreens. In
Proceedings of the 14th international ACM SIGACCESS conference on Computers and accessibility (ASSETS '12). ACM, New York, NY, 84, 127-134. DOI:
http://dx.doi.org/10.1145/2384916.2384939</bib>

<bib id="bib23" type="URL"><number>[23]</number>The Norwegian Language: Council: Antall ord i norsk (number of words in Norwegian). Retrieved
o T PR e P - .-

<bib id="bib24" type="Proceeding"><number>[24]</number>Stefano Pini, Sangmok Han, and David R. Wallace. 2010. Text entry for mobile devices using
ad-hoc abbreviation. In Proceedings of the International Conference on Advanced Visual Interfaces (AVI '10). ACM, New York, NY, A, 181-188. DOI:
http://dx.doi.org/10.1145/1842993.1843026 </bib>

<bib id="bib25" type="Periodical"><number>[25]</number>Ondrej Polacek, :Adam J: Sporka and Pavel Slavik. 2015. Text input for motor-impaired people.
Universal Access in the Information Society, 1-22.</bib>

<bib id="bib26" type="Proceeding"><number>[26]</number>Philip Quinn and Shumin Zhai. 2016. A Cost-Benefit Study of Text Entry Suggestion
Interaction. In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems (CHI '16). ACM, New York, NY, IS4, 83-88. DOI:
https://doi.org/10.1145/2858036.2858305</bib>
<bib id="bib27" type="Proceeding"><number>[27]</number> 005. Evaluating mobile text entry strategies with finite state automata. In
Proceedings of the 7th international conference on Human computer interaction with mobile devices & services (MobileHCI '05). ACM, New York, NY, [TSA,
115-121. DOLhttp://dx.doi.org/10.1145/1085777.1085797</bib>

<bib id="bib28" type="Proceeding"><number>[28]</number> 006. Can spatial mnemonics accelerate the learning of text input chords?.
In Proceedings of the working conference on Advanced visual interfaces (AVI '06). ACM, New York, N, [J8A, 245-249. DOI:
http://dx.doi.org/10.1145/1133265.1133313 </bib>

<bib id="bib29" type="Periodical"><number>[29]</number 2015. Reflective text entry: a simple low effort predictive input method
based on flexible abbreviations. Procedia Computer Science 67: 112 : https://doi.org/10.1016/j.procs.2015.09.254</bib>

<bib id="bib30" type="Periodical"><number>[30]</number>Frode Eika Sandnes: and ;Andre Aubert. 2007. Bimanual text entry using game controllers:
Relying on users' spatial familiarity with QWERTY. Interacting with Computers 19, 2: 140-150. DOI: https://doi.org/10.1016/j.intcom.2006.08.003</bib>

<bib id="bib31" type="Proceeding"><number>[31]</number>Frode Eika Sandn iAndrea Marie Stangeland and Fausto Orsi Medola. 2017.
UbiWheel: A Simple Context-Aware Universal Control Concept for Smart Home Appliances that encourages Active Living. In Proceedings of Smart World
2017, Ubiquitous Intelligence & Computing, Advanced & Trusted Computed, Scalable Computing & Communications, Cloud & Big Data Computing, Internet
of People and Smart City Innovation. IEEE, 446-451.</bib>

<bib id="bib32" type="Periodical"><number>[32]</number>Frode Eika Sandnes: and :Yo-Ping Huang. 2006. Chording with spatial mnemonics: automatic
error correction for eyes-free text entry. Journal of information science and engineering 22, 5: 1015-1031.</bib>

<bib id="bib33" type="Proceeding"><number>[33]</number>Frode Eika Sandnes, Havard W: Thorkildssen, :Aleksander Arvei and Johannes O. Buverad.
2004. Techniques for fast and easy mobile text-entry with three-keys. In Proceedings of the 37th Annual Hawaii International Conference on System Sciences
(HICSS’37). IEEE. DOI: https://doi.org/10.1109/HICSS.2004.1265675</bib>

<bib id="bib34" type="Proceeding"><number>[34]</number>Frode Eika Sandnes and Hua-Li Jian. 2004. Pair-wise variability index: Evaluating the cognitive
difficulty of using mobile text entry systems. In International Conference on Mobile Human-Computer Interaction (MobileHCI'04). Springer, Berlin,
Heidelberg, 847-350.</bib>
<bib id="bib35" type="Proceeding"><number>[35]</number>Frode Eika Sandnes and Fausto Orsi Medola. 2016. Exploring Russian Tap-Code Text Entry
Adaptions for Users with Reduced Target Hitting Accuracy. In Proceedings of the 7th International Conference on Software Development and Technologies
for Enhancing Accessibility and Fighting Info-exclusion (DSAI 2016) ACM, New York, NY, - 33-38. DOI: https://doi.org/10.1145/3019943.3019949</bib>
<bib id="bib36" type= ”Perlodlcal"><number>[36]</number>F ] ] 2017. Effects of Optimizing the Scan-Path on
Scanning Keyboards with QWERTY-Layout for English Tex nformatlcs 242: 930 938 </b1b>

<bib id="bib37" type= "Perlodlcal"><number>[37]</number

1989.

://doi. org/IO 1007/s10209-011-0258-4</bib>
<b1b id= "b1b38" type="Proceeding"><number>[38]</number>:
impairments. In Proceedings of the 12th international ACM S|
321-322. DO: http://dx.doi.org/10.1145/1878803.1878892</bib>
<bib id="bib39" type="Proceeding"><number>[39]</number>Ha Trinh, ‘Annalu Waller, Keith Vertanen:, Pe Ola Kristensson, and Vicki 1¢ Hanson. 2014.
Phoneme-based predictive text entry interface. In Proceedings of the 16th international ACM SIGACCESS conference on Computers & accessibility (ASSETS
114). ACM, New York, NY, IS8, 351-352. DOI: http://dx.doi.org/10.1145/2661334.2661424</bib>




<bib id="bib40" type="Periodical"><number>[40]</number>Gill Whitney, Suzette Keith, Christian Biihler, :Sue Hewer, Lenka Lhotska, Klaus Miesenberger,
Frode . Sandnes;, Constantine Stephanidis, and Carlos ' Velasco. 2011 Twenty five years of training and education in ICT Design for All and Assistive
Technology. Technology and Disability 23, 3: 163-170. DOI: http://dx.doi.org/10.3233/TAD-2011-0324</bib>

<bib id="bib41" type="Proceeding"><number>[41]</number>Tim Willis, H. Pain and S. Trewin. 2005. A probabilistic flexible abbreviation expansion system
for users with motor disabilities. In: Proceedings of the 2005 international conference on Accessible Design in the Digital World, British Computer
Society.</bib>

<bib id="bib42" type="Proceeding"><number>[42]</number> ; Wobbroc !Myersi, and 003. EdgeWrite: a stylus-based text
entry method designed for high accuracy and stability of motion. In Proceedings of the 16th annual ACM symposium on User interface software and
technology (UIST '03). ACM, New York, NY, S8, 61-70. DOI: http:/dx.doi.org/10.1145/964696.964703</bib>






