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Abstract We deal with a problem of designing a user inter-
face for touchscreen phones with respect to special needs of
seniors. We conducted qualitative study (n = 5) followed
by quantitative one (n = 118). From the comparison of our
study with existing studies we observed an obvious trend in
more extensive usage of advanced features, which cannot be
explained only by the shift of the younger seniors to older
age groups. We provided a set of recommendations and we
designed a new touchscreen phone user interface to support
needs of active seniors. In comparison (n = 15) with stan-
dard Android UI our solution had higher completion rate in
two of four complex tasks and 6× higher completion rate of
all tasks while producing 2.4× fewer errors. Our interface
was subjectively perceived more comfortable, efficient and
producing less errors.

Keywords User study · User interfaces · Seniors ·
Accessibility · Touchscreen · Smartphone

1 Introduction

Our population is aging as seniors represent the fastest grow-
ing part of population in the world. In 2011, approximately
1.6 million people were 65 years or older in Czech Repub-
lic. By 2051, that number is expected to be twice as high
around 3.1 million. At that time, seniors will outnumber chil-
dren 14 years old and younger more than 2 times [26]. The
common stereotype is, that they do not want to use modern
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technology at all. This is not true, as we can observe that they
want to keep up with technology, understand modern inven-
tions to keep connected to others and to the world in general.
They can learn even a complicated technology, if they see a
real benefit for them. They are ready to invest time to learn
new things [10].

If we analyze proportions of various types of mobile
phones on the market, we can see that at least 60 % of mobile
phones sold in the period of 2008–2014 were touchscreen
phones [25] . This number is increasing as majority of phones
sold at the beginning of the year 2014 had a touchscreen [11].
Typical modern touchscreen phone does not have dedicated
hardware buttons to dial a number or to receive a phone
call. The only possible way how to interact with the phone
is to use virtual on-screen buttons and gestures on the dis-
play.

According to a study [24] 18 % of Americans age 65 and
older owned a smartphone in 2013. In comparison to Amer-
icans age 45–54 with 55 % adoption rate of smartphones the
penetration among seniors is rather small. There are several
reasons for that. One of them is the poor design of the user
interfaces, which are not suited to special needs of seniors
(small fonts, low contrast, complicated menu structure, but-
tons without labels, etc.).

There are two main approaches to tackle these issues. First,
designing a mobile phone dedicated to seniors equipped with
hardware buttons, simplified user interface and reduced fea-
ture set (see [3,9]). Second, designing new user interface
for currently available smartphones, by means of launcher
respecting senior’s needs (see Sect. 2.7).

Nevertheless some studies assume that seniors mostly do
not want to use simple one-button senior phones but want
to use advanced features such as camera, e-mail, internet
access, reminders or calendar without any constraints [27].
Moreover, the number of senior users of smartphone users
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increases notably (18 % in 2013 compared with 12 % in 2011,
Americans age 65 and older [24]).

The main goals of our research are:

1. to get insights to usage of mobile phones by active seniors
(investigation of most used features of mobile phone,
problems with ergonomics and accessibility of the user
interface, and role of the phone in social perspective);

2. to design accessible touchscreen user interfaces for active
seniors;

3. to conduct an empirical research comparing our touch-
screen user interface to standard Android user interface.

2 Related work

High age induces limitation of vision, hearing, cognitive and
motor systems. These limitations have to be taken in account
when designing user interfaces for seniors.

2.1 Vision capabilities

Vision is the most important way how current technology
can present information to the user. As the limitations of a
human eye depend on age, seniors have mostly worse vision
and many of them need to wear bifocal lenses.

Older eye receives only a 1/3 of light than that of people
in their twenties [10]. The lens of the eye has slightly yellow
color, so the colors of the world appear less blue and more
yellow. For seniors it is harder to distinguish between subtle
changes of blue and between shades of a red and purple.

The old eye has also a slower accommodation between
dark and light places. It cannot quickly change the focus,
or react to fast-changing brightness. The visual sharpness
is also worse, they can not see thin lines or focus on hard
edges [19]. Seniors experience problems while reading small
text, especially when the text color is blue or the contrast from
the background is low. It is hard for seniors to distinguish
between similar icons, especially of very low contrast. When
the icons are very small (e.g., in notification bar) the problem
becomes even bigger.

2.2 Hearing capabilities

Hearing can help a lot with using the user interface. Seniors
usually expect that virtual keyboard will have the sound feed-
back. They want to hear a response whether they pressed the
button or not, like in the real world.

An old ear can not detect very high and very low
pitches [7]. Some seniors with age-related hearing loss
require at least 90 dB loud sound for notifications (70 dB
is recommended for young users with normal hearing). In
general, the level of an alarm should be at least 10 dB above

the background noise, otherwise they will not hear it [17].
Seniors can easily miss audio notifications and reminders.

2.3 Cognitive capabilities

Appropriate visual design of user interface (e.g., high con-
trast, clear icons, large buttons) is not sufficient to avoid
problems of seniors with completing their tasks. Very impor-
tant is also the information architecture, and wording applied.
If the interface presents the information in inappropriate way,
many people get confused and tend to blame themselves
rather than the application. The users can not anticipate what
the application is doing (or can do) and how to move forward
in completing the task, the error rate increases significantly, it
becomes hard to plan and remember an interaction process.
The effective interface is the one that helps users in com-
pleting their goals with a little confusion and less errors
as possible [20]. The research results in the field of Cog-
nitive Infocommunications [5] can be used to increase the
usability of the user interface by means of transformation
of information communicated into different representation
more suitable for our target group.

Carefully designed application reflects a mental model
that is as similar as possible to the user’s one. The mental
model helps the user to anticipate what the application does
and how it works inside. People respond better to things that
do exactly what they expect [15]. Good designer should pre-
dict and capitalize on what people presume and design the
application accordingly.

However, designing appropriate information architecture
becomes harder as modern systems become multi-funcitonal
(e.g., phone is also a digital assistant, television is also a
computer with access to the internet) [10].

2.4 Motor capabilities

Observations showed that seniors require about 50–100 %
more time for completion of a task than adults under 30. This
longer response times are mostly due to cognitive changes
that leads to longer time they need to think about it and make
decision [13,28]. The movement time is similar to younger
people.

Many interfaces require very fine movements. The con-
sequences of an error are frustrating. If user accidentally
removes the file, or s/he is an inaccurate during the drag
and drop of the file, s/he needs to start over again. Complex
multi-touch gestures as pinch in/out or rotate can be also
problematic for seniors. This can result in too long time to
complete tasks, unreachability of functions executable only
by means of performing complicated interactions (gestures
with more fingers, complicated shapes).

Movement disorders, like a Parkinson’s disease and
Arthritis, are mostly caused by a disease, not as the result
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of an old age. Users can have a shakiness in hands and a lack
of a motor accuracy.

2.5 Analysis of mobile interfaces

There are four types of phones on the market. Simple feature
phones with hardware 3 × 4 numeric keyboard. They have
usually a small display and small labels on buttons. They do
not have advanced features, as large color display, internet
connection, or high quality camera, but they can last many
days on the battery. These phones are however on a decline.

Another type of phones are smartphones with hardware
3×4 or QWERTY keyboard running Symbian or BlackBerry
operating systems. However, these smartphones have never
been adopted in large scale.

The most commonly sold at this time are touchscreen
phones. They are usually big, they have a 4 in. large dis-
play or bigger. They are controlled by finger touches, swipes
and other gestures. The whole user interface is drawn on the
display.

The third category are special senior phones. They have
usually very large buttons, but only a quite small display.
They are very simple, they can mostly only send SMS mes-
sages and make calls, without any advanced features. Most
of them are made from a very durable material. They mostly
have a special dedicated SOS button for calling help.

2.6 Accessibility on touchscreen phones

The most widely used operating systems for touchscreen
devices are Android (currently in version 4.4), iOS 7 and
Windows Phone 8 (see Fig. 1a–c). Some manufactures have
their own variations of these interfaces, for example Samsung
has its TouchWiz launcher as a modification of the Android
interface.

These interfaces are mostly not optimized for seniors.
They use small and thin fonts, color themes with a low

Fig. 1 Major operating systems on touchscreen phones. From left iOS,
Android, Windows Phone

contrast and many ambiguous pictograms and icons. Some
accessibility features can be set, but they are hard to find in
the deep settings screens. However these settings are mostly
insufficient for seniors with special needs. For example some
labels are enlarged, but not all fonts in the whole interface.
Availability of these settings also depends on third-party
application developers.

2.7 Mobile touchscreen interfaces designed for seniors

A launcher is an alternative user interface that can be installed
on Android devices. This interface can be downloaded from a
Google Play market, or even pre-installed on the phone. The
launcher can completely change the way how the interface
of the phone looks like and how the phone is used.

BIG Launcher1 is a complex launcher optimized for
seniors and people with vision problems. EqualEyes2 is very
well made suite of accessible mini-applications, almost every
phone feature is present in a touch friendly form. Protege
Launcher SOS3 is a simple and colorful touch interface for
people with less experience. Some operations are quite com-
plicated e.g. three clicks are needed to display a dial pad.
Screens for calling and sending SMS messages are simpli-
fied. Wiser—Simple Launcher by UIU LTD4 is very fresh
and friendly interface. Lists of the contacts and last calls are
simplified, favorite people and applications can be pinned on
the screen. Simple Senior Phone by Mobili5 is interesting
interface for people with bad eyesight. Necta Launcher6 pro-
vides user with simplified user interface and limited number
of functions.

Even the launchers designed for the seniors exhibit the
same problems as senior phones. They limit the functionality
of the device, however most of them do not follow the design
recommendations such as sufficient contrast of text or labeled
icons.

2.8 Designing for seniors

We can find exhaustive set of various design recommenda-
tions for designing user interfaces for seniors in the literature.

User interface designed for seniors should be simple and
easy to navigate. There should be no complex gestures,
double taps and long presses [2]. Basic navigation buttons
(hardware or virtual) should be visible all the time. Every
screen should contain its name and basic navigation buttons.

1 BIG Launcher—http://biglauncher.com.
2 EqualEyes—http://equaleyes.com.
3 Protege Launcher SOS—http://goo.gl/HxmPRq.
4 Wiser—http://www.wiser-me.com.
5 Mobili—http://www.seniorsphone.mobi.
6 Necta Launcher—http://www.necta.us/.
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All the functions and navigation element should be visible
(e.g. not to use slide-out menus or hidden items). Each button
should have only one function. Similar buttons with different
functions should have a different color and another icon and
text. The navigation model should be consistent across the
whole interface [22]. The structure of the screens should be
very shallow [2,14].

All labels and texts in the interface should be presented
with a large font. All titles and labels of the buttons should be
big and easy to read. The font should be well readable. The
font with bolder weight or a bigger size would be also better.
A very high contrast in the whole interface is very important
[14]. All items should be clearly visible. Any complicated
images should not be on the background. Black text on a
white background (or a white text on a black background)
are the most appropriate for the design.

Only limited number of items should be located in the
menu. Longer lists of items should be split into groups, for
example the list of messages, missed calls or contacts. Every
icon in the interface should have a text label [2,14,18]. The
pictograms itself usually have a little meaning to many users.
People do not have experience what these icons mean [1,6].
Especially seniors want to be really confident what action it
will do, before they click on the button. Text labels should
also be easily understandable and not abbreviated [4]. Every
label should be written in a human language, for example
“today” or “yesterday” would be certainly better than just
a numeric date. Each more complicated screen should have
a descriptive label with meaningful instructions. The loud-
ness of the audio feedback (notifications, rigntone) should
be adjustable by the user by visible and easy to use con-
trols [10,20].

These recommendations are valuable and can be counted
on as a starting point when a new user interface is designed.
Even though, these recommendations take into account all the
capabilities of seniors, they do not investigate their behaviour
and attitudes towards modern technologies.

3 User research

In order to get insight into behaviour of active seniors we
have conducted qualitative and quantitative studies.

3.1 Qualitative study

The main aim of the qualitative study was to get an insight
into the behavior of seniors. We wanted to get interesting
new ideas, understand how they think, what they want and
what they really need. If we did not talk with our real users,
the user interface would never be optimized for them.

ParticipantsWe recruited five participants (three females).
They ranged from 56 to 76 years (mean age 67). All were

daily users of mobile phone, one of them used senior phone.
One of the participants had poor sight, one used phone only
for receiving calls. All participants were living in Czech
Republic.

Procedure We conducted five semi-structured interviews
(all of them were conducted in person). The interviews lasted
from 60 to 90 min and were performed at participants’ homes.

We asked participants about their everyday mobile usage,
accessibility problems (such as small text or keyboard), usage
of SMS, advanced features used except calling and SMS
such as reminders or flashlight, most often complication with
using mobile phone, health care features such as SOS button,
and their opinion on touchscreen phones.

Findings Phone usage Participants reported that they are
maintaining contact with only a very few people. They have
5–10 close friends to whom they call regularly. The older they
are, the fewer friends they have. It seems that our participants
talk mostly only with their family relatives, or their doctors.

Practically all of the participants use a contact list in their
phone. They have names and numbers saved there, they know
how to display the name and call it. These contacts were
mostly saved to their phone at the beginning, by younger
relatives from their family (a son or grandson), or they saved
them there themselves. However it seems that they all use a
contact list mostly for reading, they do not save new names
into phone very often. Some participants have a couple of
contacts written on a paper (not saved in a phone), they call
them by dialing their number on a keypad.

Participants mostly do not know what to think about touch-
screen phones. They think that these phones are mostly only
for young people and for playing games. They can not imag-
ine which features could be beneficial for them. They are
happy with their actual phone and they do not want to change
it. They would need to see and try the phone if there is any-
thing good for them.

However when we shown them what a touchscreen phone
can do, they were positively surprised. They welcomed a
large display with big text labels. They would even not need
to take on glasses, if the whole interface had large fonts. They
liked a camera and viewing photos on the display. The large
size of the phone was not a problem, they appreciated it.

Participants were afraid that it can fall down to ground
and broke and they would probably use some rubber bumper
or a durable case. The phone without the case was also quite
thin for them. They also pressed hardware volume buttons by
mistake and were not aware of that. White text on the black
background was more readable for them than black letters on
white background. Participants were not able to focus well
on large illuminated display. However it is possible that this
will be different on a direct sunlight as all of the interviews
took place inside a building.

Accessibility Most of the participants were using keypad
phones. They said that their phones are quite small. It is
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obvious for them that they need to take on prescription glasses
every time they want to use the phone. However if they think
about it, it is quite annoying for them. They would welcome
larger buttons and a more visible text on a display.

SMS Some participants write SMS, even if they do not see
well on a keyboard. They already have learned which correct
button to push. Although for many participants, writing text
messages is still very complicated and difficult. They need
to press one button many times to write one letter. This is
confusing for them and it is one of the reasons they do not
write SMS. Also some participants said that they just do not
have motivation for writing text messages. They would rather
talk with another person by voice call.

Participants want to be notified very loudly and visibly
on a new SMS or a missed call. The phone should display
a large icon of a new message, even if it is turned off. They
would welcome some notification light diode. Their phone
should notify them with sound many times, as long as they
do not read the message. However some participants did not
want this.

Advanced featuresAlmost all participants generalized that
all advanced features in phones are only for younger peo-
ple: “We are old and we do not need too much features.”
They said that a phone for seniors should be simple, only
for calls and messages, without any extra features and that
all advanced features should be hidden. However as the dis-
cussion continues, they start to talk about themselves. They
would welcome some neat features. It would be really nice
for them to have a voice recorder, a camera, calculator or an
alarm clock. Another given example was a notepad, or a call
recorder. But they would like to have only this one or two
selected features, not the others. Each of the participants had
it’s own favorite features.

It is interesting, for example, that one participant said s/he
certainly does not need a Calendar in his/her phone. How-
ever s/he revealed later that s/he would like to be reminded
when his/her friend has birthday or when s/he has a meeting.
It was identified that s/he does not really understand how
could Calendar work in a phone. Another participant did not
understand what a Call history or List of calls means.

It seems that participants were sometimes confused by
the names of items in their phone. Especially when they
have more complicated phones. Some of the participants said
that there were many items and similar icons in their mobile
phones and that some features have very short and not very
understandable names. These participants can not imagine
what these labels mean and therefore they are confused. It is
the reason why they are not using these features. Problematic
items were for example: Protocols, Organizer, Conversations,
WAP or Applications.

Health care Participants mentioned that they have the
number of a doctor or firefighters saved in their phone. How-
ever they do not use any speed dial “SOS button” on the

phone that is dedicated only for calling help. They did not
need to call an emergency assistance yet. But they agree that
such a button could be useful for them.

3.2 Quantitative study

To further investigate the findings from qualitative study, we
conducted quantitative study via online survey.

ParticipantsWe received questionnaires from 118 respon-
dents (64 females) at least 50 years old. We used 3 age groups:
50 respondents (42 %) in 50–59 years group, 35 respondents
(30 %) in 60–69 years group, and 33 respondents (28 %) in
70+ years group.

The respondents were recruited through promotion arti-
cles on SmartMania.cz, Google+, Facebook, and Twitter
accounts, and via snowball method through e-mail. All
respondents were living in Czech Republic.

Procedure We conducted a survey using questionnaire
with 23 closed-ended questions and one open-ended question
to express additional notes. The questions were adminis-
tered via web-based questionnaire. The generalized topics
of questionnaire were demographic, mobile phone usage,
accessibility, advanced features, health care, and social per-
spective.

Findings It seems that respondents between 50–59 years
are still very active. Almost everyone uses a computer with
an internet connection and almost everyone write SMS mes-
sages. Even 48 % of 50–59 years old have internet connection
in the phone. 66 % of them have customized their phone by
changing a background image or a ringtone.

Phone usageOnly 64 % of respondents older than 70 years
have saved contacts to their phone by themselves (for oth-
ers the contacts were saved by their family members). Only
24 % of them have ever changed a background image or a
ringtone in their phone. But they are still very active in other
activities, 88 % of participants older than 70 years still use
SMS messages, at least for reading. Approximately 79 % of
them have access to the computer with the internet.

The most used features on the phone were of course call-
ing (100 %) and writing SMS (94 %) (see Fig. 3). Another
favorite features were camera and an alarm clock or reminder.

It is interesting that 50 % of 50–59 years old respondents
already have a mobile phone with touchscreen (Fig. 2). Even
27 % of respondents older than 70 years use touchscreen

46%

77%

58%

50%

23%

27%

4%

15%

50 – 59 years

60 – 69 years

70+ years

Keypad phone Smart phone Senior phone

Fig. 2 Percentage of phones type used by respondents from different
age groups (n = 118)
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8%

16%

21%

22%

22%

25%

60%

66%

94%

100%

Games

Music or radio

E-mails

Internet

Other applications

Light

Alarm clock or reminders

Photography

SMS

Calls

Fig. 3 The most used features summed over all age groups (n = 118)

phone. However classic feature phones are still used the most
between 60–69 years old (77 %). Special phones for seniors
are used mostly only by respondents older than 70 years
(15 %).

Accessibility About a half of respondents do not see well
what is shown on a display (it means they selected in a ques-
tionnaire that they need to take on prescription glasses to use
the phone sometimes). This is being a little worse when they
are getting older (see Table 1). A small keyboard was iden-
tified as the main disadvantage of writing SMS on a mobile
phone (see Fig. 4).

Very interesting is the finding about appreciation of a
larger font size on a phone. 44 % of respondents from group
50–59 years old and respondents older than 70 years said they
would welcome it (32 %). However among the 60–69 years
group the demand was much greater. 70 % of these respon-
dents wanted to see a larger text. This is most likely because
this group is still using classic keypad phones with very small
display.

We found an interesting contradiction in the results con-
cerning whether a phone should very visibly flash and make
lots of sounds on a new received message. More than half of
respondents older than 70 years would like that, contrary to
only 28 % of 50–59 years old. For the younger respondents
the phone should be rather unobtrusive and stealthy.

Advanced featuresMost of the respondents think that their
phone contains more features than they could ever utilize.
Approximately half of the respondents do not understand
some names of features in their phone. However only 30 % of
respondents older than 70 years think that advanced features
should be hidden (20 % of respondents at age in range 60–
69).

Health care Fifty percent of respondents older than
60 years demand SOS button, enabling them to call a help
or family members by one button press (60–69 years 51 %,
70+ years 55 %). For younger respondents (50–59 years) this
is not so important, as only 26 % of them would appreciate
that. Only 20 % of respondents selected that they already used
their phone for calling help (50–59 18 %, 60–69 17 %, 70+
27 %). In the research conducted in 2006 [23] they found

Table 1 Selected results from quantitative study (n = 118)

No. of respondents who agree 50–59 (%) 60–69 (%) 70+ (%)

Meaning of mobile phone

Connection with family
and friends

90 71 73

Feeling of safety 24 26 27

Calling ambulance 32 37 36

Technically up-to-date 28 31 30

Just piece of plastic 2 0 6

Most used features of mobile phone

Calls 100 100 100

SMS 100 91 88

Photography 72 69 55

Alarm clock or reminders 72 57 45

Music or radio 28 9 6

E-mails 26 14 21

Light 24 20 33

Internet 28 23 12

Games 12 6 3

Other applications
(maps, Skype, etc.)

26 17 21

Usage of advanced features

My phone has more features
than I can use

80 83 76

Advanced features should
be hidden

18 20 30

Afraid of deleting something
unintentionally

18 29 30

I do not understand some
of the features

38 49 42

Notification by flashing
and loud sounds

28 46 55

Want to see recent calls 56 66 55

Changed wallpaper or ringtone 66 51 24

My next phone should
record audio/video

26 37 30

Has internet in a phone 48 17 27

Saved contacts to phone
himself/herself

86 80 64

Appreciate large font 44 71 30

Should read aloud what is
on the display

14 29 21

Used phone for calling
help successfully

18 17 27

Appreciate one button call
for help or family

26 51 55

a much higher representation, 65 % of people older than
65 years.

Social perspective We have observed that the main advan-
tage of having a mobile phone is the ability to connect very
easily with their family and friends (80 %) (see Fig. 5). 25 %
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6%

14%

14%

15%

24%

47%

Writing SMS is too difficult

Do not have motivation, it is better to call

Phone writes something else than I want

I do not see text on display

Keys on keyboard are too small

Do not mind it

Fig. 4 Problems with writing SMS summed over all age groups (n =
118)

3%

25%

30%

35%

80%

Just piece of plastic

Feeling of safety

Technically up-to-date

Calling ambulance

Connection with family and friends

Fig. 5 Meaning of the phone from social perspective summed over all
age groups (n = 118)

of respondents reported that the mobile phone gives them
sense of security.

3.3 Results

Our study shows that taking photos becomes the most popular
advanced feature across the age groups. If we compare our
study with previous ones conducted recently (years 2011–
2013), we can see that for the user group 65+ this number
almost doubled (see [8,16,23]). This increase cannot be
entirely explained by the shift of the younger elderly peo-
ple with relevant experience into the older age group. Most
probably the need to capture photos increased in last time
and the devices they use today offer this feature (sometimes
in a more intuitive way).

Similar trend can be observed by other two advanced fea-
tures as coping with emails and overall usage of internet.
One of possible explanation of this behavior can be that the
elderly people are constantly underestimated according to
their needs and desires and that the solution is not in provid-
ing less featured phones, but offering wide range of advanced
features through highly intuitive user interfaces.

From existing studies it is obvious that seniors use more
advanced features. For example the usage of alarm clock or
reminders almost doubled since 2011 [8]. Studies from 2009
and 2011 [12,23] show increase in using radio and music
player on telephones. Also our research indicates continuous
increase to almost 30 % for user group 50–60. Playing games
raised by 6 % for user group 50–64 (years 2009–2012 [12,16,
23]) but not for user group 65+, however our research does
not follow this trend.

Interesting trend occurs in usage of mobile phone for
calling of help. There is two thirds decrease for user group
65+ [8,21,23]. However the same group in our study would
appreciate one special button for calling family or help.

4 KoalaPhone launcher

The aim of our design was to address the issues of current
Android launchers designed for seniors, which limit the fea-
ture set of the touchscreen phone to level feature phone (i.e.
phone, SMS, occasionally taking photo). These launchers do
not provide a large keyboard. System notifications are small
and confusing. Viewing photos or sending emails require to
launch an external app, which is usually not optimized for
seniors and does not have the same consistent design as the
launcher itself. Switching between these apps is unnecessar-
ily complicated.

To address these issues we developed an Android launcher
(KoalaPhone) in accordance with recommendations for
designing for seniors (see Sect. 2.8) and in accordance with
the findings from our quantitative study (see Sect. 3.2).

4.1 Low-fidelity prototype

During the design process we proceeded according to
User-Centered Design methodology. We created several low-
fidelity prototypes and evaluated them with users (see Fig. 6).
There were three iterations of low-fidelity prototypes. Each
iteration was evaluated with ten different users from user
group of active seniors.

Buttons at the right top corner were not easily accessi-
ble by hand. On a Contact detail screen there were buttons
without a text label, we have moved them to the bottom
and enlarge them. Participants were also confused when the
navigation buttons changed their meaning and size by the
displayed content. The icon of a menu button was not under-
standable, we have changed it to a MENU label.

We have tried to substitute scrolling by replacing with the
Next and Previous buttons. However the navigation model
was not intuitive, the Previous button was used for both nav-
igating back to previous screen, as well as for returning to
previous part of a current screen. It was also confusing when
the Previous button and a Backspace button (for removing
the last char of a text) were both visible on one screen. We
have implemented a simple scroll mechanism, with the large
scroll bar displayed on each screen.

Fig. 6 Low-fidelity prototypes created during the design process
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Splitting contacts into two distinct screens (Favorite
contacts and All contacts) was not very intuitive. Some func-
tionality was doubled on two places (adding a new contact).
Participants were confused how to set a contact as a favorite.
When they wanted to remove the contact from favorites, they
accidentally removed the whole contact from the phone. We
have merged these screens together and displayed favorite
contacts on the top of all contacts. The favorites are set up
automatically at the first run by a phone call history.

4.2 High-fidelity prototype

We have designed a new touchscreen user interface based
on the findings from the qualitative and the quantitative
study—KoalaPhone Launcher.7 It provides an enlarged list
of contacts, SMS and calls, as well as the collection of new
touch-optimized apps (a simplified camera interface, photo
gallery (see Fig. 7f), alarm clock (see Fig. 7e), and a flash-
light). The keyboard is also considerably larger.

The main screen of the interface has a numeric keypad
for dialing numbers, a large clock and the battery and mobile
signal indicators. It looks similar to feature phones with hard-
ware buttons (see Fig. 7a). Seniors are familiar with this
layout, it looks clean and simple. The green button (with a
silhouette of people) opens the list of contacts (see Fig. 7c).
The menu button opens the list of all phone features, cate-
gorized by importance (see Fig. 7b). The SOS button can be
helpful for making emergency calls.

Three main navigation buttons are displayed on each and
every screen. Left button is used to navigate to contacts, to
confirm the dialog, or to send a SMS (see Fig. 7d). Middle
button navigates to previous screen or removes the last char-
acter from the text. Right button always returns back to the
home screen.

If the menu or contacts button is pressed, the whole keypad
slides down with an animation and extends the view. If we
want to insert a text (for example write a message), the keypad
slides up again. There are also subtle transitions between
screens. These fast and smooth animations helps user with
the perception of the information flow and the context. The
label with the name of the screen is displayed on each screen.
More complicated screens have also additional labels with
an explanation how to use them. Items in the menu have
meaningful text descriptions, instead of only icons.

Most buttons are concentrated in the bottom part of the
screen to be more easily accessible by fingers. The main key-
pad has small inactive margins on sides to protect unwanted
presses. Touches on buttons are registered even if the user is
unintentionally holding the display with his palm and trying
to confirm the action with the second hand. All buttons have
a vibration and sound feedback.

7 KoalaPhone Launcher—http://goo.gl/74KJXg.

Fig. 7 KoalaPhone Launcher: main screen (a), menu (b), contacts (c),
SMS (d), alarm (e), photo detail (f)

The whole interface has a black background, the text labels
are white. Buttons have bright colors and simple white pic-
tograms. The violet color is used for notifications (or the
home button), the red color always confirms the removing
of an item. This color scheme should provide a sufficient
contrast and not glare user with the display illumination.
Alternative white color theme can be changed in the settings
of the interface. Larger size of the font can also be set, as
well as the bolder font face for better readability.

We have formulated two research questions to evaluate
our design: (1) Is the completion rate higher for given tasks
for KoalaPhone UI than for standard Android UI? (2) Is the
error rate forKoalaPhoneUI lower than for standardAndroid
UI?

4.3 Evaluation

Our goal was to measure error rate of selected tasks using
our touchscreen user interface (KoalaPhone) in comparison
to standard Android 4.4 touchscreen user interface (Android).
Large text accessibility setting was turned on in Android.

Participants Fifteen participants (eight females, seven
males) were recruited from students of University of the
Third Age, clients of Live 90 association and via snow-
ball technique. They ranged from 61 to 85 years (mean =
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69.6, SD = 7.7). All participants were regular users of com-
puters and none of the them regularly use touchscreen phone.
None of the participants had severe visual, hearing, motor or
cognitive impairment.

Apparatus The hardware consisted of LG Nexus 5 touch-
screen phone with 1080× 1920 pixels, 4.95 in. LCD display.
A video screen capture was recorded using ADB software
directly from the phone. A visualisation of touch positions
was enabled in the setting of the phone. KoalaPhone UI
was developed in C# using a Xamarin.Android framework.
MonoGame game framework was used for the user interface.

Procedure The experiment was performed in a usability
lab dedicated for execution of user tests. Before the exper-
iment was started the participants adjusted position of the
phone (holding in hand or left on a table) to feel comfortable.
The experimenter explained the basic control for each UI
such as returning to the home screen, opening contacts appli-
cation, scrolling, showing detail of a contact, opening menu
with applications. The participants were asked to accomplish
six tasks for each UI. The tasks were:

1. Add a new phone number for Joseph +420800123456,
after you complete the task, return to the home screen.

2. Send Thomas SMS “Hello.”, after you complete the task,
return to the home screen.

3. Set the alarm clock to 14:37, after you complete the task,
return to the home screen.

4. Take a photo of an arbitrary scene, after you complete
the task, return to the home screen.

5. Find a phone with a castle and send it by email, after you
complete the task, return to the home screen.

6. Open Maps application, after you complete the task,
return to the home screen.

After completing the tasks for one UI the participants were
asked to complete the tasks for second UI.

The participants were asked to proceed as accurately as
possible. They were also instructed that there is no time limit
for a task and the decision about giving up completion of
the task is up to them. Between tasks for each UI the partic-
ipants were allowed to take a short break. Each participant
completed 12 tasks and the test lasted for 45–60 min.

After the data collection, the participants were asked on
demographics data and completed questionnaire investigat-
ing their subjective judgement about the level of comfort,
efficiency and number of error made (Likert scale 1–5 was
used). After the experiment the participants were debriefed
and paid.

Design The experiment was 2 × 6 within-subject design.
The independent variables were UI (KoalaPhone, Android)
and task (1, 2, 3, 4, 5, 6). The order of UIs was coun-
terbalanced using Latin Square, the order of tasks was
counterbalanced using balanced Latin Square. The total num-

ber of tasks to complete was 15 participants × 2 UIs × 6
tasks/UI = 180 tasks. The main measures were completion
rate, defined as completion of given task (1—complete, 0—
fail) by participant for given UI, completion rate of all tasks,
defined as completion rate of all tasks (1—complete, 0—fail;
i.e. participant completed task 1, 2, 3, 4, 5, and 6) by partic-
ipant for given UI, and error rate, defined as a portion of
uncompleted tasks to all tasks performed by participant for
given UI. For statistical analysis repeated measures ANOVA
(error rate, subjective comfort, subjective efficiency, and sub-
jective error rate) and McNemar Exact Test (completion rate,
completion rate of all tasks) were used.

4.4 Results

Completion rate The results show that there is a 96.88 %
chance KoalaPhone has a higher completion rate than
Android in task 2. There is also a 99.98 % chance Koala-
Phone has a higher completion rate than Android in task 5.
The completion rate for task 2 for KoalaPhone was 86.67 %,
for Android 60.00 % and the completion rate for task 5 for
KoalaPhone was 93.33 %, for Android 20.00 % (see Fig. 8).

We also found that there is also a 98.44 % chance Koala-
Phone has a higher completion rate of all tasks than Android.
The completion rate of all tasks forKoalaPhonewas 40.00 %,
for Android 6.67 %.

Error rate The effect of UI on error rate was signifi-
cant (F1,14 = 28.00, p < .0005). The average error rate for
KoalaPhone was 14 %, for Android 33 %.

Subjective evaluation We asked the participants about
subjective level of comfort, efficiency and error rate of each
UI (see Fig. 9). The average subjective rating of comfort for
each UI is as follows: 2.74 forAndroid, 1.69 forKoalaPhone.
The average subjective rating of efficiency for each UI is as
follows: 3.56 for Android, 2.31 forKoalaPhone. The average
subjective rating of error rate for each UI is as follows: 3.56
for Android, 2.94 for KoalaPhone.

There was significant difference between UIs in all three
measures (comfort: F1,14 = 19.64, p < .001; efficiency:
F1,14 = 21.54, p < .0005; error rate: F1,14 = 9.33, p <

.01).
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Fig. 8 Completion rate for each task (T1–T6) comparing KoalaPhone
with Android (higher is better; n = 15)
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Fig. 9 Subjective evaluation of KoalaPhone compared to Android
(lower is better; n = 15)

5 Discussion

The results from quantitative study in comparison to studies
from previous years show there is evident increase in usage
of advanced features on mobile phones by active seniors. As
the active seniors seems to be interested in new advanced fea-
tures, the differences between them and younger population
from this point of view is shrinking. The design of mobile
phones should concentrate on the user interfaces which will
reflect both their accessibility needs and their demand for
advanced features. These findings are in contrast to the efforts
for development of senior phones with limited set of feature
and often poor usability and accessibility. There is also prob-
lem of stigmatization of elderly users by using special senior
phone. Despite the fact that major developers of touchscreen
phones try to design user interfaces for all age groups active
seniors still finds these interfaces too complex (see Sect. 3.2
and [8]).

These results from empirical evaluation indicate that the
touchscreen interface we have implemented—KoalaPhone
UI—has higher completion rate of all tasks (6× higher) and is
producing less errors (2.4× lower) than Android UI. In more
complex tasks (task 1, 2, 3, 5—adding new contact, writing
SMS, setting alarm, sending a photo via e-mail respectively)
KoalaPhone UI has higher completion rate in task 2 (1.4×
higher) and task 5 (4.7× higher). In the rest of tasks there
was no notable difference in completion rate. From subjective
perspectiveKoalaPhoneUI was perceived more comfortable,
efficient and producing less errors in comparison to Android
UI.

5.1 Limitations

In the task 1—adding new contact—the completion rate on
both KoalaPhone and Android were the same (67 %). We
observed that the most common problem in this task on
KoalaPhone was that participants did not know how to fill
in the phone number after filling in the name of contact. The
often just separated the name and number by space. In the
next dialog, where the UI asks to fill in the number the par-

ticipants failed to understand what they should do and often
gave up completion.

We see this as an opportunity for further improvement of
KoalaPhone UI.

6 Implications for design

We extracted several recommendations from the results
of our quantitative study with 118 respondents and from
the empirical evaluation with 15 participants. The already
existing recommendations [10,20] are valid, however the
following ones should also be considered:

– Taking photos is themost popular advanced feature easy-
to-use user interface should be provided with possibility
to share the photo with the close ones.

– Usage of mobile internet is on a rise access to e-mail
client and web browser should be provided with focus on
easy setup and usage; moreover access to social networks
should be considered too.

– Time management is more important alarm clock and
calendar functions should be provided in understandable
way with focus on clear on/off setting and selection of
the time.

– Calling help matters even on touch screen interface, a
quick access to help line (e.g. doctor, close family mem-
ber) should be provided.

– Forms are the biggest issue filling-out forms showed up
to be the most problematic task; clear distinction between
label and field should be provided along with indication
of next step (e.g. multi-screen form—see Sect. 5.1).

7 Conclusion

This paper presents results from the study with active seniors,
that show increasing demand for advanced features of mobile
phones. We conclude that mobile phones created for seniors
should not lack complex features but should support them
by means of efficient user interfaces suited to the needs of
seniors. The recommendations for designing for older adults
are valid and valuable [10,20]. However they should be used
to enhance the user experience and not to reduce the feature
set.

The user interfaces we have designed shows that if the
design recommendations are used in correct way active
seniors can solve complex tasks (in two of four complex tasks
and 6× higher completion of all tasks while producing 2.4×
fewer errors) and perceive the interface more comfortable,
efficient and producing fewer errors.
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liky (projekce 2013)

27. Sulaiman S, Sohaimi IS (2010) An investigation to obtain a sim-
ple mobile phone interface for older adults. In: 2010 international
conference on intelligent and advanced systems (ICIAS), pp 1–4.
IEEE

28. Timiras PS (2007) Physiological basis of aging and geriatrics, 4th
edn. Informa Healthcare, London

123

http://www.aligator.cz/en/products
http://www.aligator.cz/en/products
http://www.emporiatelecom.com/products/overview/
http://www.emporiatelecom.com/products/overview/
http://www.gartner.com/newsroom/id/2665715
http://www.pewinternet.org/2009/07/22/wireless-internet-use/
http://www.pewinternet.org/2009/07/22/wireless-internet-use/
http://www.pewinternet.org/2012/11/25/cell-phone-activities-2012/
http://www.pewinternet.org/2012/11/25/cell-phone-activities-2012/
http://dx.doi.org/10.1016/0042-6989(83)90210-9
http://dx.doi.org/10.1016/0042-6989(83)90210-9
http://www.pewinternet.org/2006/04/03/americans-and-their-cell-phones-2/
http://www.pewinternet.org/2006/04/03/americans-and-their-cell-phones-2/
http://www.pewinternet.org/2011/08/15/how-americans-use-their-cell-phones/
http://www.pewinternet.org/2011/08/15/how-americans-use-their-cell-phones/
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://gs.statcounter.com/

	KoalaPhone: touchscreen mobile phone UI for active seniors
	Abstract
	1 Introduction
	2 Related work
	2.1 Vision capabilities
	2.2 Hearing capabilities
	2.3 Cognitive capabilities
	2.4 Motor capabilities
	2.5 Analysis of mobile interfaces
	2.6 Accessibility on touchscreen phones
	2.7 Mobile touchscreen interfaces designed for seniors
	2.8 Designing for seniors

	3 User research
	3.1 Qualitative study
	3.2 Quantitative study
	3.3 Results

	4 KoalaPhone launcher
	4.1 Low-fidelity prototype
	4.2 High-fidelity prototype
	4.3 Evaluation
	4.4 Results

	5 Discussion
	5.1 Limitations

	6 Implications for design
	7 Conclusion
	Acknowledgments
	References




