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Abstract

Through our participatory design with older adults a
need for improved error support for texting on
smartphones emerged. Here we present the
MaxieKeyboard based on the outcomes from this
process. The keyboard highlights errors, auto-
corrections and suggestion bar usage in the
composition area and gives feedback on the keyboard
on typing correctness. Our older adult groups have
shown strong support for the keyboard.
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Our keybaaaard highlights
errors, auto corrections and
+ picked suggestions. >

Figure 1: Highlighted suggestions in MaxieKeyboard
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Introduction

Despite a wealth of research on context aware
computing and indirect interaction techniques (e.g.
[1][15][14]), text entry remains core to much of
interaction with smartphones. There is a long history of
research on developing new text entry methods
(e.g.[12][11][16]) and of comparing mobile text entry
solutions through formal evaluation (e.g. [10][13]). In
our current project we are focusing on text entry needs
of older adults with the aim of improving text entry for
this under-researched group. As part of this research
we have conducted a mix of participatory design
sessions to inform our research and formal evaluation
sessions to assess our potential solutions.

In this poster and demonstration we introduce our
MaxieKeyboard (Figure 1) that was based on evaluation
and development with older adults. We first present the
background to mobile interaction design for older adults
and text entry studies. We then present a novel
keyboard designed to support error correction - a
major theme that emerged from our design workshops
with older adults. We finally present feedback on our
fully functional keyboard from workshops ran with older
adults.

Designing for Older Adults

Touchscreens are now considered to be the normal
mode of input for mobile devices. As a result, an
increasing number of older users find themselves using
one or more touchscreen devices. Some have used
touchscreen smartphones for a number of years while
others are now transitioning from older physical
keyboard devices, allowing access to apps that support
independent living and social connectivity, both key
elements of wellbeing. On large surfaces, e.g. ATMs,

touchscreen keyboards have been shown to be
preferable to physical keyboards for older adults (e.g.
[31[7]), yet there has been surprisingly little research
on smaller touchscreen devices. Work that has focused
on the physical dimensions of keys and their spacing
has recommended onscreen buttons that are much
bigger than modern smartphone buttons (e.g. [6][7])
where buttons are often only 5 mm apart. As we grow
older, we experience motor and vision impairments that
can affect their ability to use touchscreen keyboards
[2]: typically our visual acuity declines and our
movements become somewhat slower and less
accurate. The role of hand tremor can exacerbate these
problems and has been investigated for older adults on
smartphones and tablets [8] who found, amongst other
findings, that input speed and accuracy was better on
tablets (attributed to the larger keys) and that speed
was dependent on familiarity with QWERTY, but this did
not affect accuracy. Hand tremor was also found to be
linked to making errors on smartphones mainly due to
poor aiming. Unexpected touchscreen responses (either
unregistered or unintentional touches) are a major
cause of frustration for older users [7]. Many
unintentional touches occur due to the way the device
is held and because of multi-touch support. Older
adults were also observed to continuously focus on the
keyboard instead of the text being input and to tend
towards continuously typing until finished, then to
review their input to check for mistakes [7].

Our Workshops

In the course of a 2 year project investigating text
entry for older adults we conducted a series of sense-
making workshops (e.g. Figure 2) and both lab and
longitudinal studies to investigate the mobile text entry



Figure 2: Participants in early design workshop
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Figure 3: Sample paper
prototype from workshop

behaviour of older adults
and to explore the
challenges this group
encounters related to
entering text on such
devices [9]. We recruited
older adults through our
Centre for LifeLong
Learning and ran
workshops with at the
University. Our
participants ranged in
age from early 50’s to
late 70’s with a typical
workshop participant
being in their mid 60’s.
As we wanted to support
the general older adult population, none of our subjects
had specific mobility, uncorrected vision or other
individual conditions that would affect their text entry
usage. All participants were smartphone owners
(approx. split evenly between iOS and Android).

In our participatory design workshops support for error
correction and concern for sending error-ridden
messages came through as a major concern of our
older adult groups. Sending text messages containing
input errors, or errors arising from auto-correction, is
an issue that has caused extreme frustration for our
participants. In an observational study we filmed users
as they composed and submitted text messages and
noted that, as in [7], they tended to enter a “review
mode” before committing to sending i.e. they paused
on reaching the end of a message and read back
through it before sending it either in its current state or
making the necessary changes before sending.

Having explored different types of errors, referring to
these as “bloopers” to avoid the language of mistakes,
and failure, we discussed with our participants the
types of situations when bloopers arise and the
consequences of these. We went on to explore together
the types of solutions or “blooper support” currently
available for error correction, asking participants to
discuss the merits of these. In subsequent sessions
participants generated paper-based designs to offer
further or improved blooper support, e.g. Figure 3. A
common theme that arose in designs was using
highlighting to clearly point out where bloopers had
occurred and where automatic corrections have taken
place.

The MaxieKeyboard

Based on the desire for better error correction support
and the strong highlighting theme emerging from our
participatory design, we designed a new input method
for Android, building on the inbuilt spell-checking
framework and the OpenAdaptxt [4] predictive text
system to offer context-sensitive suggestions and a
highlighting scheme to help support error correction.
We have also incorporated the open-source ASpell
engine for spell-checking to address the lack of OS
spell-checking support on some popular devices.

The keyboard consists of four primary areas of interest:
the text composition area in which we highlight various
words, the suggestion bar, the colour bar for typing
accuracy feedback and a standard QWERTY layout
keyboard, as shown in Figure 4. The keyboard attempts
to raise user awareness of input errors by drawing the
user’s attention to spelling errors using highlights in the
text itself and a coloured status indicator bar between
the suggestion bar and the keyboard. Highlights are
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Text composition area with highlighting
for: words picked from the suggestion
bar; serious uncorrected errors; slight
autocorrected errors.

Colour bar

Suggestion bar

Figure 4: Overview of the MaxieKeyboard
features

designed to emphasise errors and support post-typing
review of entered text; the coloured status bar to
support awareness of errors while keeping the users’
gaze focussed on the keyboard. This function was
designed to reduce the need for pausing input to check
spelling mid-word.

When finished typing a word, the keyboard
automatically checks spelling of the last word with
feedback as follows:

. Red| highlight and red bar ®: When a word

appears to be very badly spelled and the system
cannot be sure of offering good correction it is
highlighted red (a serious mistake) and the bar
glows red;

e Orange highlight and orange bar : When a

word has been autocorrected the corrected text is
highlighted orange and the bar shows orange to
indicate that this action has taken place (a slight
mistake);

e No highlighting and green bar @»: Word was
spelled correctly leading to normal insertion in the
text but a green confirmation bar colour.

As the user types, suggestions for auto-completions,
corrections and next word suggestions are offered by
the OpenAdaptxt framework on a suggestion bar
residing at the top of the soft keyboard. Based on our
design workshop feedback we added a fourth
highlighting colour to maintain awareness of selections
from this bar:

e Blue highlight: When a suggestion is picked from
the suggestion bar, it is highlighted blue.

All highlighting has 60% opacity so as to render a good
contrast between the black text and background colour.
Red underlining of erroneous text is maintained, as per
the default Android KitKat and Lollipop style.

Multimodal feedback features

Haptic feedback has been shown useful in text entry to
raise awareness of errors while typing [5]. In addition
to the visual feedback, our keyboard also multi-modal
feedback: haptic and audio feedback that the user can
enable through settings to augment or completely
replace the visual feedback. In our current design, we
indicate the detection of serious errors through two
short tones played in rapid sequence, or with two short
vibrations, again in rapid sequence. Slight
(autocorrected) mistakes are indicated with a single
tone or vibration. The tone and vibration duration (and
in-between pause, in the case of serious errors) have
been timed to coincide, providing an equivalent
stimulus on both senses simultaneously.

Pre-Launch Testing

We are starting a longitudinal study of our keyboard
through Google Play Store release. This study will
investigate long-term effects of using the keyboard and
will be promoted through groups specifically targeting
older adults.

Before launching the keyboard we ran workshops (see
Figure 2) with older adults to get their impressions and
have refined the keyboard. In the latest workshop
looking at the pre-release version and installation
process we gained strong support for the keyboard and
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MaxieKeyboard Setup :

Step 1

First you must enable MaxieKeyboard. Click the
button below to do this. You will be taken to a list of
installed keyboards on your device, please ensure
that the check-box or toggle button next to the
MaxieKeyboard is enabled and return to this screen,
in order to continue to the next step

ENABLE MAXIEKEYBOARD (%
Step 2
Now you must select MaxieKeyboard to be your
default keyboard for entering text. Please click the
button below and select MaxieKeyboard from the list
of enabled keyboards.

SELECT MAXIEKEYBOARD
Step 3
This step is NOT required for Samsung devices!
Finally, click the button below to enable
MaxieKeyboard's integrated spell-checker. This will

complete the setup process!

ENABLE SPELLCHECKER (%

< O

Figure 5: Installation explanation guide

for the process that we have followed in working closely
with them on its design: “It is nice to say that I helped,
[that I was] involved in its development”.

Keyboards are not as simple to install as standard apps
on Android due to the higher permission requirements.
Additionally our keyboard requires our own spelling
platform, depending on the OEM and Android version.
To simplify installation we developed an installation
application (Figure 5) and paper-based installation
guide for our workshops. The participants succeeded in
installing correctly but recommended that the manual
be shortened and simply included in the Google Play
listing.

Limitations to our planned study were, however, raised
as many felt that their friends would be more
conservative over their phones and, confirming market
information, that many of them had not installed apps
before.

Release Prototype

The release prototype of our highlighting keyboard is
available for download from Google Play: search for
MaxieKeyboard. Alternatively it can be installed directly
from our project website at
https://mobiquitous.cis.strath.ac.uk/?q=node/6

Summary

Through a series of participatory design workshops a
theme of supporting error awareness emerged. We
developed this theme into a new keyboard for Android
that makes users aware of any errors through
highlighting text in the body of the message and
through a colour bar at the top of the keyboard. Initial
pre-launch studies showed strong support from our

older adult user groups. We are now starting a
longitudinal study based around a Google Play Store
launch of the keyboard.

Acknowledgements

We thank our participants for their on-going support of
our research and the considerable time they have spent
in studies. We also thank the Centre for LifeLong
Learning for their support in running workshops and in
recruiting our participants. This research is part of an
on-going UK EPSRC funded project on text entry for
older adults (award number EP/K024647/1).

References

1. Gregory D. Abowd, Christopher G. Atkeson, Jason
Hong, Sue Long, Rob Kooper, and Mike Pinkerton.
1997. Cyberguide: A Mobile Context-aware Tour
Guide. Wirel. Netw. 3, 5, 421-433.
http://doi.org/10.1023/A:1019194325861

2. Niamh Caprani, Noel E O’Connor, and Cathal
Gurrin. 2012. Touch screens for the older user.
InTech.

3. Min K Chung, Dongjin Kim, Seokhee Na, and
Donghun Lee. 2010. Usability evaluation of
numeric entry tasks on keypad type and age.
International Journal of Industrial Ergonomics 40,
1, 97-105.

4. Mark D Dunlop, Sunil Motaparti, Naveen Durga,
and Roberto De Meo. 2012. OpenAdaptxt: An Open
Source Enabling Technology for High Quality Text
Entry. In Proc. CHI 2012 Workshop on Designing
and Evaluating Text Entry Methods, Citeseer.

5. Mark D. Dunlop and Finbarr Taylor. 2009. Tactile
Feedback for Predictive Text Entry. Proceedings of
the SIGCHI Conference on Human Factors in


http://doi.org/10.1023/A:1019194325861
https://mobiquitous.cis.strath.ac.uk/?q=node/6

10.

Computing Systems, ACM, 2257-2260.
http://doi.org/10.1145/1518701.1519046

Mayank Goel, Alex Jansen, Travis Mandel, Shwetak
N. Patel, and Jacob O. Wobbrock. 2013.
ContextType: Using Hand Posture Information to
Improve Mobile Touch Screen Text Entry.
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, ACM, 2795-2798.
http://doi.org/10.1145/2470654.2481386
Susumu Harada, Daisuke Sato, Hironobu Takagi,
and Chieko Asakawa. 2013. Characteristics of
Elderly User Behavior on Mobile Multi-touch
Devices. Human-Computer Interaction — INTERACT
2013, Springer Berlin Heidelberg, 323-341.
Retrieved from http://dx.doi.org/10.1007/978-3-
642-40498-6_25

Zhao Xia Jin, Tom Plocher, and Liana Kiff. 2007.
Touch Screen User Interfaces for Older Adults:
Button Size and Spacing. Proceedings of the 4th
International Conference on Universal Access in
Human Computer Interaction: Coping with
Diversity, Springer-Verlag, 933-941. Retrieved
from
http://dl.acm.org/citation.cfm?id=1766311.176641
9

Andreas Komninos, Emma Nicol, and Mark Dunlop.
2014. Reflections on design workshops with older
adults for touchscreen mobile text entry.
Interaction Design and Architecture, 21, 70-85.

I Scott MacKenzie, R Blair Nonnecke, J Craig
McQueen, Stan Riddersma, and Malcolm Meltz.
1994. A comparison of three methods of character
entry on pen-based computers. Proceedings of the

11.

12.

13.

14.

15.

16.

Human Factors and Ergonomics Society Annual
Meeting, SAGE Publications, 330-334.

I Scott MacKenzie and R William Soukoreff. 2002.
Text entry for mobile computing: Models and
methods, theory and practice. Human-Computer
Interaction 17, 2-3, 147-198.

I. Scott MacKenzie and Kumiko Tanaka-Ishii. 2007.
Text Entry Systems: Mobility, Accessibility,
Universality. Morgan Kaufmann Publishers Inc.,
San Francisco, CA, USA.

Antti Oulasvirta, Anna Reichel, Wenbin Li, et al.
2013. Improving Two-thumb Text Entry on
Touchscreen Devices. Proceedings of the SIGCHI
Conference on Human Factors in Computing
Systems, ACM, 2765-2774.
http://doi.org/10.1145/2470654.2481383

Jaime Ruiz, Yang Li, and Edward Lank. 2011. User-
defined Motion Gestures for Mobile Interaction.
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, ACM, 197-206.
http://doi.org/10.1145/1978942.1978971

Bo Yi, Xiang Cao, Morten Fjeld, and Shengdong
Zhao. 2012. Exploring User Motivations for Eyes-
free Interaction on Mobile Devices. Proceedings of
the SIGCHI Conference on Human Factors in
Computing Systems, ACM, 2789-2792.
http://doi.org/10.1145/2207676.2208678
Shumin Zhai, Per-Ola Kristensson, and Barton A.
Smith. 2005. In search of effective text input
interfaces for off the desktop computing.
Interacting with Computers 17, 3, 229-250.
http://doi.org/10.1016/j.intcom.2003.12.007


http://doi.org/10.1016/j.intcom.2003.12.007
http://doi.org/10.1145/2207676.2208678
http://doi.org/10.1145/1978942.1978971
http://doi.org/10.1145/2470654.2481383
http://dl.acm.org/citation.cfm?id=1766311.176641
http://dx.doi.org/10.1007/978-3
http://doi.org/10.1145/2470654.2481386
http://doi.org/10.1145/1518701.1519046

