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Abstract—With a rapid deployment of mobile devices, mo-
bile learning gives rise to new possibilities for extending
learning opportunities. Nevertheless, current research on
mobile learning has mostly been aimed at enhancing learn-
ing of school or college students. In this light, the paper
seeks to throw light on the potential of mobile learning for
elderly. We describe in this paper a research study for ex-
amining needs that determine the adoption and usage of
mobile devices by elderly population. The elderly are an
often neglected group in product development and market-
ing, but they are the only growing age group in most devel-
oped societies. By using semi-structured interviews with a
number of different stakeholders interested in elderly peo-
ple, we identify a set of issues that need to be taken into ac-
count when designing strategy for the elderly learners. The
results of our study indicate that elderly people are inter-
ested in using mobile devices and services, but these services
need to deliver real value for them.

Index Terms—mobile learning, lifelong learning, mobile
device, elderly learners

L INTRODUCTION

Population ageing is a pervasive phenomenon. In the
Asia- Pacific area for instance, people aged 50 and above
are expected to take up approximately 31% of the total
population by 2025 [1], while in Japan, population ageing
seems to be more significant and one in three will be eld-
erly in 2025 [2]. In addition to this, it is predicted almost
one third of the working age population will aged 50 or
over by 2050 in developed countries [3]. In this light,
population ageing impresses people with an ongoing
trend—ageing people will inevitably become an incre-
mental part of the future workforce. Due to lack of enough
qualified employees, ageing people nowadays have al-
ready been encouraged to join the workforce in some parts
of world. In Europe, a marked rise has been found in the
employment rate of people aged 55-64 from 36.6% in
2000 to 43.6% in 2006.

The requirement for the retraining of ageing learners is
intensified, but research targeted at ageing learners is in
short supply, also within the context of mobile learning.
Unlike young and prime adults, ageing learners have
unique learning requirements and traits. For instance, age-
ing individual needs a learning approach that facilitates
the review of learning materials, as they incur a biologi-
cally-based decline in fluid intelligence, which impairs
rapid processing of new information [4]. In addition, older
learners may have lack of confidence and thereby resist
trying something new. In this concern, mobile learning
gains advantages as it tends to address these problems
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through bringing training into local areas and offering
courses in less formal settings. Also, there is little extra
economical and physical effort required for ageing people
to learn via mobile devices in comparison to the com-
puter-based or classroom-based learning approaches. Mo-
bile learning process differs from a traditional e-learning
process. Learning, communication and observation tasks
are now taking place outside classrooms and other training
facilities, which reveal the vulnerability of accessibility
concepts. Reference [5] suggests that technology will be-
come inextricably part of the “‘digital life’” for many indi-
viduals around the world. The technology also offers a
spectrum of educational opportunities and new options for
student-technology partnerships in learning. Empowered
with interactive multimedia presentational capabilities,
handheld technology permits the delivery of a range of
digital material such as video, audio, graphics and inte-
grated media. If appropriately designed for the context,
educationally useful interactive multimedia digital mate-
rial like learning objects can be effectively delivered to
students at any time, inside and outside of classrooms.

The elderly, the most rapidly growing segment of the
industrialized world’s population, have landed on the
wrong side of the digital divide, the gap between informa-
tion and communication haves and have-nots. In 1997,
there was a 31.4% difference in the percentage of Internet
users among people aged 35 or younger versus 65 or
older, and by 1999 this difference had increased to 42.9 %
[6]. The rapid ageing of the population has implications
for mobile learning device accessibility. As people age,
they incur various impairments including loss of visual
acuity, strength, fine motor control and coordination, and
pain in the fingers, wrists, or other joints (e.g. due to ar-
thritis). These impairments are particularly problematic
for operating mobile devices, since devices’ shrunken
form factors, miniature buttons, small fonts, postage-
stamp screens, and low pixel counts make even able-
bodied use difficult. As the baby boomers give way to
Generation X, people who grew up with mobile devices
and are accustomed to using them will be increasingly
challenged to do so unless devices are made more accessi-
ble. Although there have been numerous efforts at making
desktop computers accessible, there have been almost no
efforts to improve mobile device accessibility. Mobile
devices are only useful when design and software valida-
tion aspects have been taken into account [7].

II.  RELATED WORK

The computer revolution is currently fuelled by rapid
advances in versatile wireless communication devices
(e.g., smartphones) and powerful handheld computers
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(e.g., Personal Digital Assistants or PDAs) that offer many
of the standard functionalities of PCs. Because they are
small, mobile and powerful, these new technologies are
suited for many purposes. Mobile learning technology
studies have been conducted on many Personal Digital
Assistants (PDA) applications. However the studies usu-
ally focus on the younger generation, instead of the eld-
erly. Stephen Brewster evaluated how multi-modal feed-
back can help improve data entry in PDA devices regard-
less of icon size. Multi-modal feedback involves the PDA
device making sounds, tactile changes (i.e. vibration) or
vision changes (button turns to inverse colors when
touched) when PDA tasks are completed. He evaluated
how college students performed inputting numbers into a
PDA while sitting and walking. The experiments showed
sound helped users input more numbers, however smaller
buttons required more “workload” [8]. Using PDAs for
voice recordings is becoming a popular way to get user
feedback in situ. Reference [9]. integrated voice re-
cordings into their context-aware experience sampling
tool to obtain feedback from participants. In the future, we
see researchers using the PDA audio recorder for voice
diaries to allow users to quickly record problems or com-
ments about applications for mobile usability testing.
However, in order to reduce educationally caused differ-
ences in the use of mobile learning systems, further re-
search efforts are thus required in order to be able to offer
ability- and talentadapted help systems as well as accord-
ingly adapted dialogue interfaces. A major prerequisite
that as a basic architectural principle determines systems
design in this respect demands support of target-achieving
“evolutionary learning”.

The rapid ageing of society and the growing young-old
digital gap are widely recognized and are strong motiva-
tors for achieving Universal Accessibility [10]. A variety
of user interface design guidelines have been developed
over the years, some of which seem broadly consistent
with evidence of age-related declines in cognition [11]
and [12]. However, we believe that current guidelines
encompass only a subset of the relevant human-factors
data, and seem to have evolved more from intuition than
systematic empirical research. Consequently, the guide-
lines have blind spots in essential areas; moreover, where
guidelines do exist, they can be hard to translate into spe-
cific user interface characteristics. We advocate the devel-
opment of guidelines that are more firmly anchored in a
comprehensive understanding of adult lifespan develop-
ments, supported by research on their validity and reliabil-
ity.

Educational studies show that a number of pedagogical
and technological issues need to be addressed if handheld
technology is to be effectively applied in learning [13].
Reference [14] have called for studies to explore how
handheld devices might more effectively support teaching
and learning and especially their multimedia presenta-
tional capabilities, from a technical perspective it is possi-
ble to deliver a range of learning objects and other educa-
tional materials. Reference [15] suggested that these de-
vices offer increased flexibility for students to access and
use learning objects. However, at this stage there are very
limited guidelines suggesting effective design considera-
tions for learning objects when presented via handheld
devices, however the challenge is mainly related to the
size of the screen [16]. In addition, mobile learning is not
all about technical in nature but rather on information ac-
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cess. Reference [17] states: “In reality, the educational
need is not to have a computer in the hands of every stu-
dent but for students to be able to access appropriate proc-
essing power, software and data as required.*

III. EARLIER RESEARCH ON LIMITATION OF MOBILE
LEARNING

Many researchers accept that mobile learning can, and
probably will, play a more important role in lifelong learn-
ing processes. However, due to technical limitations, as
well as human psychology, mobile learning is still limited
to an assistance-only function. Traditional classroom
learning, or even distance learning through interactive
educational television classrooms (e-learning) should not
be brushed aside, and the real potential of mobile learning
should not be exaggerated.

A. Psychological

Mobile devices such as mobile phones or PDA will
mainly be used for communications, not for learning pur-
poses. Mobile learning does not replace traditional learn-
ing, but is just another way of learning using a new tech-
nology. The fundamentals of learning still do not change
with mobile learning [18]. Even in Japan, students, who
are the group of people most likely to best use of mobile
learning, seldom use their mobile devices for educational
purposes [19]. In short, many people would lack the moti-
vation needed to use their mobile devices for learning
purpose consistently. Although medical researchers have
so far not found any evidence to prove that there is a rela-
tionship between mobile devices use and brain or aural
impairment [20], many people still suspect that frequently
using mobile phones, for example, is the reason for the
increased incidence of brain tumors and other brain or
aural diseases. It has been shown that mobile phone radia-
tion actually does cause increases in blood pressure [21].
The author believes that it is particularly the case for eld-
erly learners’ consideration.

B.  Pedagogical

Researcher Singh augured that it is hard to follow up on
the learning achievements in mobile learning. Individuals
need to take full responsibility for their own learning and
we believe that it is particularly hard for the elderly learn-
ers. Without on-site supervision, course organizers find it
difficult to administer a test and the high level of interac-
tion between educators and learners [22]. Studies and sta-
tistics show that between 20%-30% of those students who
begin mobile learning courses do not finish [23]. In the
mobile learning environment, the lack of a firm frame-
work tends to encourage laziness; therefore a strict self-
discipline, which many adolescents lack, is required. Also,
in mobile learning there is an absence of a “learning at-
mosphere”. According to the survey conduced by
Bounhnik & Marcus [24], many students reported that
distance learning (which, of course, would include mobile
phone learning) was less efficient, when compared to a
“face-to-face” learning format, and required them to de-
vote more time to learning the subject. Bouhnik and Mar-
cus also mentioned that as mobile phone learning is a
method for learning on the move, it is unavoidable that the
surrounding environment will often interrupt the learning
process. Learners cannot focus all of their attention on
learning while on the move. If the interruptions and dis-
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tractions occur frequently enough, educators believe the
learners will gradually become resistant to mobile learning
in the same way as has been found in other transitory
learning environments. The author believes that attention
focus is always a problem for elderly learners. Further-
more, in practice, mobile learning materials designers find
it is currently impossible to design a generic version for all
platforms [25]. Teachers have to design different learning
materials specifically for particular mobile platforms. The
Lack of standardization and compatibility of different
mobile devices have to be comprised reaching a standard
or agreement among those software companies [26] in
order to make mobile learning more common.

C. Technical

Small screen size and low image resolution are the
main problems for learners especially elderly learners.
Most of the mobile device screens’ size might be all right
for viewing texts for a short time, but usually not for
longer than one or two minutes, as for longer than that
people’s eyes become tired. Learners have to struggle with
the small fonts on the small screen. This limitation will
keep a lot of middle-aged or elderly learners from taking
mobile learning courses [27]. Current mobile device input
is not at all user-friendly. Slow and inconvenient input
methods are real problems. To input a word in any lan-
guage, users may have to hit a key several times even to
find the right letter. The real word input speed is still less
than 1/10 the input speed when they use a computer key-
board [28].

IV. RESEARCH METHDOLOGY

The research was carried out in two stages, using two
very different methodological approaches: While the first
stage was based on a review of already existing material,
the second stage relied on original primary research. The
research addressed and made use of older people’s views
and was guided by the University of Oxford research eth-
ics committee rules.

(1) In the first stage, a desk review of relevant policy
documents reflecting the latest trends on elderly education
using ICT mobile tools was carried out. Research methods
required for this stage included a literature review, docu-
mentary analysis of policy documents, and some secon-
dary data analysis.

(2) In the second stage, original empirical research was
conducted. Qualitative expert interviews were chosen as
the appropriate research method to gather exploratory but
nevertheless detailed information on the objectives of the
research. This approach was essential to collect the re-
quired data on ‘examples of good/best practice’ and the
measurement of old-age ICT ability and mobile ICT tools
usage in particular. It also proved very useful for obtaining
detailed background knowledge, public debate and varia-
tion in various setting.

Empirical part of our qualitative research study was
based on semi-structured interviews with persons who
represented different focus groups: mobile device manu-
facturers, mobile operators, voluntary organizations aim-
ing at educating elderly people, public and private home
care and elderly nursing homes, as well as welfare devel-
opment institutions. This was necessary to extend the
range of the research and to minimise the risk of relying
on the inevitably one-sided perspective of any particular
social actor. In the initial stage of the study, a number of
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the above mentioned focus groups who had previously
used handheld technology for personal and educational
purposes, were interviewed (face-to-face). Over fifty such
individuals were identified across a number of educational
institutions in Hong Kong who subsequently accepted an
invitation to participate as respondents. The interviews
were conducted in a semi-structured manner and began by
asking the respondent to outline his or her prior experi-
ence with handheld technology. The interview progressed
to discussion in relation to the small screen and this was
facilitated by various handheld device and small selection
of learning objects from the Learnactivity web site (see
http://www.learnactivity.com/lo/). These learning objects
were originally developed for computer-based delivery
over the Internet and were downloaded into the handheld
device for the purpose of this study. The respondents were
encouraged to interact with the learning objects, which
were selected to also permit demonstration of various mo-
dalities (e.g., text, visuals, audio). Ideas about possible
contexts for educational applications of these learning
objects were also explored with the respondents. Inter-
views and development of understandings were greatly
facilitated by the interviewer’s knowledge and extensive
experience with the design of educational multimedia ma-
terial. During the interview, the researcher was able to
comprehend suggestions and concerns by participants, and
to immediately speculate and table possible design solu-
tions for discussion. The discussions were mainly based
on the particular expertise of each interviewee, but also
the subjective opinions and experiences of the interview-
ees were of interest. All interviews lasted from one to two
and a half hours, and were recorded for reference check-
ing. The interviews were transcribed and sent back to the
interviewees for review. After review and corrections, the
interviews and emerged themes were analyzed.

V. RESULTS

A.  Communication with mobile devices

Nearly 100% of the elderly people in the survey find
the small buttons of a mobile device hard to use, and the
small text on displays and interfaces difficult to read,
problems that are compounded if they are suffering from
age-related frailty or Parkinson’s disease that impairs mo-
tor skills.

Some cognitively and physically impaired elderly
learners being interviewed in the survey were non-
speaking. Communication for these group with the world
is limited to iconic keypads that display icons for common
words - primarily nouns and verbs - that, when pressed,
are synthesized through a speaker. These keypads are de-
signed to be simple and limit communication to a small
number of alternatives, while keypads for the unimpaired
can produce a wide range of words at the cost of complex-
ity (hundreds of icons), with many words requiring se-
quences of keystrokes. The survey results report that many
elderly can define meanings for unassigned keys, existing
keypads are relatively inflexible, which makes adding new
vocabulary difficult, thus limiting the range of conversa-
tion. These keypads can be challenging to learn and are
often abandoned out of frustration. Over 70% of the re-
spondents request further development in keypads adapt-
ing to the user. The keypad for PDA is displayed on a
touch sensitive screen. They need keypad with more ob-
vious textual and auditory feedback when pushing keys or
navigating menus. Keys should be clearly embossed and
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positioned so that a user can not press several keys by
mistake at the same time. Another related problem is cre-
ated by the keypad lock. Switching the lock on and off
typically requires pressing two buttons in a sequence and
typically quite quickly so.

B. Need for vision in screen

For a learning object to be cognitively engaging and
practically useful, their design must leverage not just text
and/or audio but more importantly visualization and inter-
activity, where text is used for labeling, pointers and short
content messages only when necessary. Reference [29]
suggests that visuals can communicate complex ideas with
clarity, precision, efficiency and convey the most ideas in
the quickest time in the small space. It is particularly the
case for elderly learners. According to the survey results
that elderly users were having vision difficulties in screen
in the following cases; reading text in menu and text mes-
sage especially when font is not gothic, and when color
contrast between text and background is not obvious.
They need bigger screen with big font size, gothic font
type, obvious color contrast, obvious design or way to add
text for status icons, big obvious clock setting, and a way
to check photo with other big display equipment because
of vision problem.

Another important feature is that icon location should
provide enough context to guide icon selections as elderly
learners especially cognitively impaired group have great
difficulty to cope with changing locations of icons change
between contexts. For this reason, inter-keystroke interval
as suggested by computer experts- the time it takes the
user to find the next key - is an obvious training signal for
elderly. Adaptation should minimize this interval, allow-
ing more efficient communication, and thereby increasing
user acceptance.

C. Interaction with mobile devices

One common point being agreed by all parties in the
survey that both the characteristics of the display devices
(small or no screen) and the cognitive, sensory, and motor
skill characteristics of the elderly population imply that
traditional user interfaces relying on icons and textual
labels are inappropriate for effectively communicating
with users. According to both users and computer design-
ers that there is a need to develop novel interaction tech-
niques and interface designs based on alternate modalities,
such as audible and interface designs based on alternate
modalities, such as audible feedback and speech. Accord-
ing to the survey results, computer designers highlighted
several solutions to elderly-related problems with innova-
tive interfaces:

1. Reduction of operations offered at once to avoid ex-
cessive interface complexity caused by excessive
number of functions;

2. Minimizing the trees of options to avoid the presence
of layered menus, causing a lack in working memory
about the existence of invisible options;

3. Realizing specific keyboard commands instead of
mouse drag and drop., complicated for elderly people
at motor level;

4. Giving immediate feedback about any selection on
screen to simplify the understanding of the correct-
ness of the operations;

5. Maintaining the consistency of the appearance of the
interface to minimize the confusion of the user seeing
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changes when looking at several screens using the
same interface.

D. Mobile device interface

In designing proper mobile learning devices all usabil-
ity risks should be taken into consideration. Especially in
the case of mobile devices and their interfaces all usability
factors are crucial. The major interface problem raise by
computer designers in the survey is that an overriding
multi-functional interface is needed for all possible com-
binations of tasks and user populations supporting learn-
ing in a variety of contexts over long periods of time. An
interface design that represents to its context of use pro-
viding the means for learners to describe and preserve
their reflections on different setting environments and also
needs to enable learning to learn, through ways of organis-
ing ideas, memories and personal resources to support
long-term learning. We should also design adaptive user
interfaces; i.e., interfaces that change over time to better
support repetitive tasks and particular behavioral charac-
teristics of each user.

E. Focused Attention

One of the major problems reported by the users in the
survey is divided attention which is the distribution of
processing resources among multiple simultaneous tasks
or rapidly switching from one task to another. A handheld
device personally assists and supports an individual in his
or her activities, e.g., conducting a business, making sci-
entific inquiry, planning a trip, creating art, learning, on so
on. Attention is often divided, for example an individual
might be undertaking some tasks simultaneously or in a
variety of modalities when drawing on the assistance of
handheld devices. However, age-related deficits increase
with the increase of the stimulus complexity and decrease
with the increase of the amount of practice in the task.

Elderly users need restrict functions to the extent that
they often use. They feel that mobile device has too many
functions they don’t use. They are interested in functions
that are not related to their everyday life.

Another major concern was the impact of prolonged use
of handheld-based learning objects on their health and in
particular to possible eye-strain of elderly learners. Apply-
ing the above mentioned problems to design of mobile
learning objects for elderly learners, computer designers
recommended in a way that provides for learning task-
centered information to be provided in a single action on a
small screen. Learning object design should be task-
oriented. When designing mobile learning, educators
should focus on the design of the learning as much as on
the design of the technology / system. Although it is rela-
tively straightforward to design a piece of technology that
is usable, robust, and delivers impressive functionality, the
experience should go beyond the technology, with clear
purpose for the teaching and learning. Placing the learning
experience in the related learning domain and consulting
pedagogical approaches appropriate for the type of learn-
ing being supported is central: the technology design
should go hand in hand with the instructional design, in-
volving expert educators and learners as well as technol-
ogy designers.

F.  Enhancing learning experience

Evaluation of the interview results with the learners
shows that elderly learners enjoy using mobile devices for
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learning and report increased motivation as a result of this
use. A number of factors have been identified contributing
to the high affective value of mobile learning by elderly
learners: control over goals, ownership, fun, communica-
tion, learning-in-context, and continuity between contexts.
However, educators have rather different point of view
under the same area that the use of (mobile) technology to
enhance an activity comes with a danger to move the
learner’s focus from the real activity onto the (mobile)
technology. Mobile technology interference, however, can
take a number of forms as mentioned by educators in in-
terviews, including upsetting the balance on social rela-
tionships by providing opportunities for inclu-
sion/exclusion; imposing too much overhead in manipu-
lating the device itself; and imposing learning opportuni-
ties when the person has no desire to learn or to sacrifice
time dedicated to non-learning activities.

VI. CONCLUSION

In designing proper mobile learning devices all usabil-
ity risks should be taken into consideration. Especially in
the case of mobile devices and their interfaces all usability
factors are crucial. When testing a www-page, the context
and environment are of second interest and the traditional
design principles presented by Reference [30] apply.
Based on the consideration of cognitive ergonomics of the
elderly, this study proposes some practical guidelines for
computer designers, as follows.

1. The interactions in human-computer interface should
based more on physical characteristics to build up the sys-
tem images as the elderly are more familiar with physical
operations. For example, Key pad should be clearly em-
bossed and positioned.

2. The levels of hierarchy should be limited to a mini-
mum in order to be memorized easily. For the learning
materials, learning task-centered information to be pro-
vided in a single action on a small screen to avoid the di-
vided attention problem.

3. For addressing impairments in vision, speech and
hearing, psychomotor skills, attention span, and memory:

o Use layout simplicity, clarity, and consistency

o Use lower frequency tones for sounds

e Design speech recognition software to cope with
slower speech

o Allow double-click speeds to be slower

e Avoid delays and distractions to minimize short term
memory loss

e Use only simple, relevant graphics

o Prefer short text or lists to paragraphs of text

e Don't rely on color alone

e Provide larger graphics and click targets

4. The functions of mobile devices should be made
gradually accessible in order to prevent unnecessary con-
fusion of temporarily unneeded functions, such as mp3
player.

One of the main objectives is social inclusion: espe-
cially the integration of older people and people with dis-
abilities into the information society. The means to
achieve this is to design mainstream products and services
to be accessible by as broad a range of users as possible
operating within the widest possible range of situations.
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The idea is to offer means and recommendations to design
better usability and accessibility for environments and to
promote format standardisation.
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