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User-centered digital health application deve-

lopment to promote healthy ageing

von Simon Langener, Tiara Ratz und Sonia Lippke

Introduction

Participatory and theory-based empirical research is fre-
quently applied in order to develop, implement and evaluate
interventions to encourage healthy ageing by means of phy-
sical activity (PA). By the year 2060 the main target group
of such interventions i.e. adults aged 65+ years will repre-
sent up to 33% of the German population [1]. As a result
of recent population ageing during the last century, costs
on the societal level are accumulating due to increasing
healthcare demands and caregiver burden [2]. Therefore,
rehabilitative and preventive services are increasingly gai-
ning importance with regard to reducing the costs of care as
well as to improve function, mobility and social engagement
in older adults [3].

Research has shown that regular PA is associated with
improvements in the domains of psychological, cognitive,
physical as well as functional health [4; 5; 6; 7]. The World
Health Organization (WHO) recommends at least 150 minu-
tes of moderate exercise per week for older adults aged 60
years and above. However, in Germany only 18% of adults
aged between 60 and 69 years, and 14% of adults aged
between 70 and 79 years fulfill these recommendations [8],
thus significant improvements are needed. PA promotion
interventions, provided via face-to-face interaction or using
print versions, have been shown to be effective. However,
the increasing use of digital technology and wearables
yields new opportunities for personalized eHealth, mHealth
and dHealth interventions, e.g., health interventions deli-
vered with electronic and/or mobile devices such as a smart-
phone in a digitalized mode [9; 10]. Personalization utilizes
the user’s data to provide recommendations and feedback
that match the individual user [11]. In 2017, 41% of adults
aged 65+ years in Germany owned a smartphone and this
trend is rapidly increasing, since in 2014 merely 17% owned
one [12; 13]. In contrast, 88% of adults in the age-group 50-
64 years own a smartphone, which highlights the potential
for the future. In 2018, a national survey in Germany found
16.5% of the surveyed older adults aged 60+ years to use
health apps, mostly in the domain of PA [14]. In the follo-
wing, we will only use the term mHealth for all digital health
application.

Although older adults show interest and have the intention
to use mHealth applications, studies on the actual adoption
and usage are scarce and inconsistent [15; 16]. Four key
categories of barriers due to ageing have been identified
to influence the ease of mHealth use: cognition, motivati-
on, behavior and perception [17]. Interventions effectively
addressing the changes and requirements accompanying
ageing should be evidence-based by means of using be-
havior change techniques (BCTs). Moreover, they should

be based on theory (such as the Health Action Process Ap-
proach, HAPA[18]; the Transtheoretical Model TTM [19]; the
Compensatory Carry-over Action Model, CCAM [20]; or the
COM-B (,capability’, ,opportunity’, ,motivation* and ,beha-
vior‘) model [21]).

The aim of this review is to answer the following research
question: What aspects should be considered in order to
develop a user-centered mHealth intervention (digital health
application) to promote a health promoting, physically ac-
tive lifestyle in older adults? A literature scan focusing on
the changes accompanying ageing was conducted in order
to gain insight into the age-related barriers and limitations
when using mHealth applications. Recommendations to
overcome the obstacles and enhance the ease of mHealth
technology in older adults are provided, especially focusing
on age-related barriers, persuasive system design (PSD),
user interface, inclusion of BCTs and privacy and data ma-
nagement issues.

Age-dependent barriers and limitations to use mHealth
Several barriers and limitations develop or increase with
age, e.g., regarding the use of technology [22]. According
to Sugarman (2005) the physical changes in early late-
adulthood (60-75 years) can be summarized using the four
words: slower, lesser, smaller and weaker [23]. Accordingly,
this age-group needs increased attention to support them in
performing PA as recommended in order to maintain their
physical resources and cognitive capabilities across the
whole life-span [24]. Regular PA and its resulting decrease
in stress levels result in a lowered risk of chronic and mental
disease and increase the perceived quality of life — an ef-
fect which is applicable not only to the older age-groups [2].
However, with regard to mHealth usage for PA promotion,
four key categories of barriers that especially influence older
adults have been identified: (1) cognition, (2) motivation, (3)
physical ability/behavior and (4) perception [17].

Figure 1, which was adapted based on the ,MOLD-US”
framework by Wildenbos et al. (2018) [17], demonstrates
how these four barrier-categories influence the usability of
mHealth in older adults through age-dependent abilities.
The cognitive component mainly involves the reduced ca-
pacity of the semantic, working, prospective and procedu-
ral memory. This memory decline impairs the attention and
thus increases the time needed to acquire new skills. The
physical decline results in restrictions regarding movement,
balance and locomotion in finger joints. In fact, functional
and rheumatic conditions are common in 60% of adults
aged 65+ years [17]. In total, 75% of adults aged 65+ years
report having problems in physical functioning, which results
in poorer speed performance and hand-eye coordination as
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well as an increased retention time in mHealth usage. This
in turn enhances the learning time, error rate and response
time. The ability to adapt to darker environments and detect
contrast is decreased following the decline in visual and au-
ditory perception and more light is required to see sharply.
The colors violet, blue and green are prone to cause visual
problems. The fourth barrier of motivation comprises attitu-
des, beliefs and anxiety to use mHealth applications. Low
technology acceptability and computer literacy influence the
trust in the own ability and belief in potentially gained benefit.
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Figure 1: Barriers of older adults that influence the mHealth
ease of use — adapted from “Aging barriers influencing mo-
bile health usability for older adults: A literature based fra-
mework (MOLD-US),” [17]

According to representative surveys commissioned by Bit-
kom, three out of ten Germans aged 65+ years use a smart-
phone [25], while every tenth uses a tablet [26]. In contrast,
adoption and usage of mHealth applications is low and in-
consistent. This is mainly perceived to be the result of the
discrepancy between the application design and the users’
needs [27], since older adults interact differently with infor-
mation technology than younger generations do [17]. Howe-
ver, mHealth technology bears the potential to overcome the
barriers stated above by reducing the cognitive and physical
workload by means of the directly controllable interface with
one’s fingers.

In conclusion, the vast majority of applications do not match
the needs of users 65+ years of age, which points towards
the necessity of human-centered design (HCD). To summa-
rize, the recommendations for developing mHealth appli-
cations with regard to age-dependent barriers include the
following points:

ses should be looked at: Little self-confidence and being
constrained by stereotypical perspectives might result in
believing in the personal incapability of ever learning to use
technology [28]. According to Kuerbis et al. (2017) [28] ol-
der adults across the globe are stereotypically perceived as
being unwilling, afraid and unable to use technology such as
mobile phones. Maintaining autonomy and independence
are the major drivers for older adults to use mHealth.
Additionally, privacy has been shown to be an essential pa-
rameter for engagement, especially the older age-groups.
To encourage the use of mobile technology in older adults,
a supportive training and learning environment to deal with
barriers and stigma/stereotypes should be provided. This
may involve time to experiment with the device in a pace
that fits the individual user [29; 30]. Social support by tutors
(professionals or loved ones) could lead up to a positive atti-
tude towards technology and strengthen the belief in the abi-
lity to learn and use technology [31]. In general, the training
in this age-group could be multifaceted, offered in-person in
a familiar environment and be tailored to the specific needs
[32]. Supporting manuals should involve lay language and
simple step-by-step instructions [33].

A clear purpose of the technology, e.g., to enhance quality
of life, independence, well-being, health or safety, may be
present in order to reach adoption of mHealth usage in ol-
der adults [32; 34]. The use of the device should further be
affordable, intuitive, transparent and involving a low percei-
ved learning difficulty. Error recovery can be very easily gui-
ded [30]. Feedback about completion of a task or mistakes
should be provided. Due to the daily routine of the user, the
timing of the intervention is an important factor. Preferab-
ly, the application should focus on the morning or afternoon
because older adults are often prone to turn off their mobile
phones in the late afternoon [35]. Finally, mHealth should
be as unobtrusive as possible [36]. This encourages usage,
protects privacy and decreases potentially embarrassing si-
tuations. To summarize, the recommendations for ensuring
the uptake of mHealth application usage in older adults in-
clude the following points:

Recommendations based on age-dependent barriers of
mHealth application usage:
» Adopt HCD methods to meet the needs of the user
» Take the cognitive, physical, motivational and percep-
tual barriers into account
» Use interfaces with touchscreens in order to reduce co-
gnitive and physical workload

Recommendations concerning the uptake of mHealth appli-
cation usage are the following:
» Avoid stereotypical thinking
» Focus on autonomy and independence of the user
» Take privacy concerns into account
 Offer supportive training to enhance the self-confidence
in successfully using mHealth applications
» Ensure affordability, transparency and low learning dif-
ficulty
» Define a clear purpose for usage
» Provide an easy error-recovery, accessibility, trans-
parency and unobtrusiveness
» Consider intervention timing (usually morning until af-
ternoon is a good time)

Factors relating to lower usage of mHealth applications can
be age-dependent. To explain this, psychological proces-
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Technology that is designed to change a user’s attitude or
behavior is called persuasive technology [37]. Persuasion is




traditionally understood as the “human communication desi-
gned to influence the autonomous judgements and actions
of others” [38, p. 7]. To successfully persuade the user to
adopt a certain attitude, the user needs to be made aware
of relevant arguments [39], which should initiate the need to
take action to reach compliance with the new attitude. This
is in line with the cognitive dissonance theory and the ten-
dency to motivate attitude change [38; 40], which postulate
that the perceived discordance between the user’s newly
developed attitude and their performed behavior will drive
the individual to reorganize and rethink their behavior in or-
der to restore consistency. To achieve such a reaction, the
persuasion context needs to be defined beforehand. Accor-
ding to Oinas-Kukkonen and Harjumaa (2009) [39] the con-
text involves the intent, event and strategy of persuasion.
Oinas-Kukkonen and Harjumaa (2009) suggest 28 princip-
les for PSD, which can be grouped into four support cate-
gories [39]. These include 1) the support to carry out the
primary task as well as 2) feedback and dialogue support,
which keep the user moving toward the target behavior and
goals. An example of dialogue support is sending notificati-
ons if a goal is achieved [41]. 3) The credibility of a system
increases its persuasiveness; trustworthiness and surface
credibility are important to older adults and should be cove-
red by the visual appearance of the application [42]. Lastly,
4) social support leverages social influence, which is linked
to motivation for behavior/attitude change.

In addition, persuasive strategies include rewards, remin-
ders and personalized feedback. Rewards are typically
visually displayed. Messages may be delivered as remin-
ders to check the application daily or weekly to encourage
continuous usage [43]. Feedback provision is one of the
most important features for promoting adherence in older
adults [44; 45; 46]. To ensure persistent behavior/attitude
change, communication and feedback provision should be
delivered by personalized audio and visual cues. In general,
communication is the major driver for continuous usage, as
long as the linguistic aspects that match the user are ta-
ken into account. To summarize, the most frequently used
content-related persuasive strategies in mHealth application
development to promote an attitude/behavior change in ol-
der adults include the following points:

Moffatt (2018) 75% of the reviewed articles regarding per-
suasive technology in PA reported a fully positive outcome.
The most frequently used theory was the TTM in 14% of
studies [47].

According to Matthews, Win, Oinas-Kukkonen, and Free-
man (2016), data capturing and feedback by means of
sensor technology has been shown to be a powerful tool
to effectively persuade the user towards behavior change
[48]. Objectively measured data can be used to tailor the
text content of feedback to the individual user [49]. The ob-
jective and automatized data collection is of great value to
future research given the fact that the common method of
self-report is more biased [50]. In the domain of primary task
support, self-monitoring can be used in forms of manual
entry of information by the user (manual logging) or automa-
tized tracking of PA by means of sensor technology [51; 52].
Tunneling comprises strategies to guide the user through
the process of behavior change, for example by means of
targeted questions and suggesting recommended exer-
cises [53]. In general, social features are ambivalent. Un-
successful competition might result in disengagement in PA
[43], however, social communication and cooperation could
also support users in reaching their goals [54; 55]. To sum-
marize, the most important features to consider when de-
veloping mHealth applications for older adults according to
PSD, include the following points:

Recommendations concerning components:

» Specify the persuasion context beforehand

» Use tracking, monitoring and personalization

» Base development on appropriate socio-cognitive
theories, such as the TTM

» Combine PSD with BCT

» Use sensor technologies for data collection, tailored
feedback and suggestions

» Be careful in giving the opportunity to share and com-
pare success given the fact that reverse effects are Ii-
kely to occur

Recommendations concerning content of PSD:
« Give audio, visual and textual feedback
» Provide support in several domains, such as dialogue,
feedback and social support
 Include persuasive messages, reminders, and alerts
as well as rewards, points and credits
» Set goals and objectives

Designers should be encouraged to use the range of ca-
pacities of technology instead of relying on content-driven
interventions only making use of BCT [46]. Recent research
on PA and diet interventions using PSD strategies was not
specifically focused on older adults. Further systematic re-
search is therefore needed to understand which PSD fea-
tures are suitable to motivate older adults to engage in a
healthy and physically active lifestyle. According to Orji and

In order to meet the needs of the user, design choices should
reflect the capabilities and limitations of the target group.
Respective to the direct influence of the cognitive, percep-
tual and motivational changes accompanying ageing on the
user interface, four different contextual requirements needs
to be fulfilled: the user interface should be 1) perceivable, 2)
operable, 3) understandable and 4) robust [56]. Petrov¢i¢ et
al. (2018) empirically analyzed guidelines on the design of
age-friendly phones and smartphones [27]. In general, the
device should be lightweight, with a large display and a ma-
ximum of grip. A tablet-computer, which entails a big screen
is most recommended. Beside the lower challenged cogni-
tive and physical workload when older adults use a touch-
screen, recent research has additionally shown that older
adults were able to achieve tasks faster using a touchscreen
compared to mouse and keyboard [28]. Bearing in mind the
common barriers older adults encounter, the user interface
of mHealth applications should accommodate several fea-
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tures with regard to visual, cognitive and motor declines.
Next to a large display, the preferable visual features include
by 50% enlarged icons compared to the standard size (at
least 12mm). These icons should provide visual, auditory
and/or tactical feedback when pressed. Additionally, there
may be sufficient space between icons to avoid errors in
operating the device [27]. The screen dimming time should
be prolonged due to longer reaction times and an option to
zoom should be available. Small changes in the applicati-
on can be avoided and preferably warm colors (e.g., reds,
oranges and pinks) should be used [28]. To summarize, the
recommendations concerning visual features of the user in-
terface in the development of mHealth applications for older
adults include the following points:

gestures to handle the application should preferably neither
rely on directional methods (e.g., scroll-bars) nor click and
drack methods. Slower respond times in older adults should
be taken into account. Furthermore, the text entry via key-
board can be challenging due to the necessity of fine motor
skills.

To summarize, the recommendations concerning motor fea-
tures of the user interface in mHealth application develop-
ment for older adults include the following points:

Recommendations concerning visual features of the user
interface especially for older users:
» Enlarge the display and increase the size of icons by
50% (>12mm)
» Provide visual, auditory and/or tactical feedback when
icons are pressed
» Ensure sufficient space between icons
* Prolong the screen dimming time and offer the option
to zoom
» Avoid small web page changes and elaborated text
(e.g. bolt or italics)
» Use preferably warm colors, e.g., reds, pinks and oran-
ges

Recommendations concerning motor features of the user
interface:
» Make sure that the font of the touchscreen is at least
17mm
» Avoid directional gesturing (e.g., scroll-bars) and click
and drag methods
» Take slower respond times into account
» Avoid text entry via keyboard

With respect to potential cognitive decline, a simple lan-
guage should be used. Users should be able to navigate
through the application via navigation bars and the menu
should be limited to a low hierarchy [56]. The combination of
text and symbols is recommended, however, neither should
rely on the other. The text-based (vocabulary) navigation
menu should appear on the upper and left side. Flashing,
blinking objects and pop-ups should be avoided [28]. The
provision of clear error-messages is important for older
users in order to understand what to do to solve upcoming
problems. To summarize, the recommendations concerning
features of the user interface considering cognitive deficits
in the development of mHealth applications for older adults
include the following points:

Recommendations concerning the consideration of cogniti-
ve declines in user interface development:

= Provide navigation via navigation bars

» Locate vocabulary/ text-based navigation menus on

upper and left side

» Avoid flashing, blinking objects and pop-ups

» Limit the menu to a low hierarchy

* Combine text and symbols

» Support recognition rather than recall

» Use a simple language

» Locate relevant information mainly in the center

» Provide clear error-messages

The motor features of the user interface for older adults
should include a touchscreen-font of at least 177mm. The
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At this point it is considered important to mention that the do-
mains described so far — 1) barriers and limitations, 2) PSD
strategies, and 3) user interface recommendations — should
always be considered with respect to each other. This broad
perspective is used as preparation for the design-stage,
which includes usability-testing and co-creation. The ca-
libration of the interaction between all these mechanisms
is necessary to guarantee easy accessibility and unobtru-
siveness, with the final aim of ensuring an easy use of the
mHealth application for older adults.

PA interventions have been shown to be effective in maintai-
ning behavior change over a time period of six months and
longer [57]. Yet, the specification of how technological cha-
racteristics and underlying techniques and evidence-based
theories work together to achieve this effect, is lacking. This
knowledge gap highlights an important weakness in mHealth
design [58]. However, several researchers have taken steps
towards creating frameworks of scientifically grounded BCT
combinations and underlying theories to promote behavior
change regarding PA and nutrition. Interventions that use
BCTs grounded by theory seem to be more effective compa-
red to interventions lacking underlying theory [59]. The theo-
ries used most frequently include the control theory, social-
cognitive theory, goal-setting theory and self-determination
theory [59; 60; 61].

BCTs increase PA behavior significantly [62]. According to
the control theory, goal-setting theory and social-cognitive
theory, feedback constitutes an important component of
behavior change [50]. It ideally builds on the behavioral
intervention’s objective and is provided in a personalized,
available and actionable way. The timing is of high im-
portance, given the fact that mHealth is able of providing
feedback immediately at completion of a task. The design
framework by Schembre et al. (2018) provides a basis for
the development of feedback messages in the domain of
mHealth and wearables [50]. A meta-analysis by Ma and
Martin Ginis (2018) found self-monitoring to have relevant




effects in PA interventions [61]. The use of self-monitoring
in addition to another BCT, including self-regulation, such as
intention formation, specific goal-setting, providing feedback
on performance and prompting review of behavioral goals,
produced significantly larger effects compared to the use of
self-monitoring alone [61]. The evidence on characteristics
such as duration of the intervention, delivery format (e.g.,
group or individual), setting (e.g., gym or online), number of
included BCTs and person delivering the interventions are
mixed. Ma and Martin Ginis (2018) did not find these cha-
racteristics to influence the effect of the intervention, whe-
reas other researchers argue that increasing the amount of
included BCTs leads to interventions being more effective
[61]. Interventions lasting for a longer time period also yield
better outcomes and gym or face-to-face settings seem to
be more effective [60; 63; 64]. Several researchers suggest
the use of biofeedback as an effective tool in increasing
PA and argue that these are underutilized as a resource for
behavior change [50; 57; 65].

Motivation is a proximal determinant of behavior. With re-
gard to the TTM in PSD, self-liberation can help individuals
to move from the preparation stage (when intentions are
formed) towards the action stage [60]. In general, the re-
commended effective BCTs with regard to PA and diet when
developing mHealth applications for older adults include the
following points:

Recommendations concerning BC I-sUpportng features imn
mHealth development:
» Give immediate feedback and/or biofeedback
» Demonstrate or give instructions on how to perform the
behavior
» Grade completion of tasks
» Use prompting and cues
» Avoid negative emotions and encourage stress ma-
nagement
» Form groups (if applicable) to support sharing of know-
ledge and find antecedents
* Provide social support
* Increase motivation and self-liberation to enable the
formation of intention
» Basically make use of as many effective BCTs as pos-
sible

Recommended BCTs proven to be effective in health beha-
vior change:

» Goal setting

 Action planning

» Self-monitoring

» Self-regulation

» Behavior practice/rehearsal

» Review of behavioral goals

» Self-rewarding

» Problem solving (relapse prevention/coping planning)

The COM-B-system is a behavior system, which provides a
basis for developing interventions that aim to change beha-
vior [21]. The interaction of the three components capability,
opportunity and motivation forms behavior. Beforehand it is
recommended to define the target behavior as well as which
component(s) need to be changed in order to achieve the
intended behavior change.

With regard to older adults aged 60+ years, the two compo-
nents capability and motivation have been shown to be most
problematic [17; 28]. Capability includes the individual’s psy-
chological and physical capacity in order to engage in the
activity, which demands skills and knowledge [21]. Motiva-
tion comprises all brain processes that direct and energize
behavior. Beside goals and conscious decision-making, this
involves emotional responding, habitual processes and ana-
lytical decision-making. BCTs that tackle these components
should be integrated into the mHealth interventions. To sum-
marize, the recommendations concerning BCT-supporting
features for developing mHealth applications for older adults
include the following points:

Taking recommendations such as automatized data collec-
tion and personalization into account raises the question
of privacy, security and data management. Although older
adults are particularly concerned about privacy issues, the
following recommendations are rather applicable to the ge-
neral population. Several researchers have already drawn
on the global vision of implementing mHealth and the emer-
ging issue of biomedical and behavioral data as part of the
big-data debate. In that sense, “Personalization of eHealth
is a current global vision on how healthcare can become
more effective and efficient for people and organizations”
[66, p. 281]. It is stated, that patients will have more pos-
sibilities to manage and monitor their health. In the future,
systems can use big-data to personalize recommendations
and even detect potential diseases before symptoms occur.
The build-in features, such as GPS, microphones, pulse-
sensors etc., are gathering huge amounts of behavioral and
biomedical data. Out of a utopian kind of view, once enough
data is available and manageable, this might potentially re-
sult in optimal behavior patterns, leading to a maximum of
health regarding a particular genetic preposition in the do-
mains of activities, work and nutrition [67]. The amount of
applications is rapidly growing. mHealth applications can
enhance self-management and consequently lead to better
health. However, there are also costs and disadvantages
connected. The EU law has recently addressed this problem
in their latest legislative change [68]. Privacy, security and
legislation have always been an issue in data management
which comes with digitalization [66]. Mobile devices are
present everywhere. They collect data on voice, biomedi-
cal information and behavioral patterns, which leads to the
question to what extent the user stays free in their decisions
and data-management. It is argued, that algorithms lead to
diminished freedom of choice as well as real privacy [66].
Furthermore, the misuse of data might result in its usage for
advertising or even behavior manipulation, reminding of the
Cambridge Analytica case in the year 2017 [69].

To avoid these concerns and to ensure the right of access,
erasure and security of data, it should only be stored locally
on the device. Data exchange is advised to be possible only
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after being successfully requested, which provides the end-
user the full range of control. Furthermore, the local data
needs to be coded so that interest in hacking is diminished
due to the long duration of decryption. Communication bet-
ween devices should contain end-to-end encryption (E2EE)
to guarantee maximum safety [70]. Legislation should fo-
cus on technology in a more rigorous way, given the fact
that many devices are not considered medical applications
[66]. Patient record data, which have a high value in terms
of free-market economy, may result in discrimination and
manipulation as well as a lack in diversity [66]. mHealth ap-
plications should therefore only focus on the specific goals
of the user and needs to be tested thoroughly. Approved
safety, security and effectiveness should result in licensing.
Additionally, legislation and policy makers should provide in-
formation about these issues to inform the user about poten-
tial hazards and benefits. To summarize, recommendations
concerning privacy and data security issues in mHealth ap-
plication development for older adults include the following
points:

Recommendations concerning privacy and data manage-
ment in mHealth development:
» Keep the freedom of choice in mind, especially when
developing persuasive mHealth based on algorithms
» Ensure the right for access and erasure of data
» Store data locally on the device by means of 256-bit
coding
» Use data exchange only after explicitly requested
» Deliver data via end-to-end encryption

Despite the presence of interest and intention to use tech-
nology, the discrepancy between the older adults’ needs
and the design of today’s mHealth applications hinders their
uptake and regular usage [27]. Therefore, mHealth applica-
tion design presents the same barriers and limitations that
are common in the targeted age-group [17]. However, be-
cause ageing is a very individual process, these limitations
in design are not necessarily generalizable.

Based on the reviewed literature, this article provides re-
commendations concerning five major components to bear
in mind when developing a mHealth application for older
adults: 1) consideration of age-related barriers and limita-
tions, 2) application of persuasive strategies, 3) adaptation
of the user interface, 4) inclusion of BCTs and 5) manage-
ment of data and privacy issues. Especially focusing on
individuals with low digital affinity, a tablet computer is the
most recommended device as it provides a large display
that matches the perceptual barriers accompanying ageing
and reduces the cognitive and physical workload. Apart from
adapting technical, mental and physical requirements to the
specific target group, persuasive features should be inclu-
ded in the application development, since they represent a
major benefit of technology, especially mHealth [46].
Inactive individuals can be frequently triggered by the de-
vice, which facilitates behavior and attitude change as well
as adherence. This is mostly carried out using persuasive
messages, feedback and self-monitoring strategies. Further
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persuasive features such as reduction and tunneling of con-
tent can be used to simplify the technological demand. The
provided recommendations with regard to the user interface
include enlarged icons, a prolonged screen-dimming time
as well as a low system-hierarchy. The recommendations
on visual, cognitive and motor features of the user interface
present a basis for the design stage and can be fine-tuned
by means of formative evaluation with the user. As the user
interface should be static, pop-ups are not recommended in
the older age-groups, although they are generally thought to
be a major tool to persuade individuals towards usage [48].
These features can additionally be implemented in combi-
nation with BCTs, preferably supporting the transition from
preparation to action stage according to the TTM.
Regarding the methods of self-monitoring of behavior as
well as feedback of behavior, the connectivity of mobile
devices with biofeedback wearables via bluetooth provi-
des the possibility to provide automatized, immediate and
objective feedback, which is argued to increase the effec-
tiveness. Sensor technologies should generally be used to
collect data as well as to tailor and personalize information
and make individual suggestions. However, this strategy is
yet to be scientifically evaluated with regard to PA promo-
tion in older adults. Beside these technical and behavior
change recommendations, the provision of a training and
learning environment by means of face-to-face communica-
tion is also advised, since it can tackle individual differences
in technical affinity and may motivate inactive participants
to engage with the technology resulting from the increased
self-confidence.

Healthy ageing especially gains importance when being
confronted with nowadays social, economic and healthcare-
specific challenges. mHealth has the potential to provide
a cost-effective way of delivering interventions to a large
amount of people. Advantages are the high number of po-
tential users as well as the possibility to save human resour-
ces. However, the initial investment is likely to be much hig-
her compared to non-digital face-to-face and paper-based
interventions. Scientific evidence on cost-effectiveness is
scarce and should be part of future research [71].

This literature scan provided insights and explanations of
important components in mHealth design for older adults
and its findings highlight several research gaps, which
should be targeted in the future. However, there are two
major limitations apparent in this review article, which need
to be kept in mind. Firstly, it has to be taken into account
that the selection of reviewed articles was not the results
of a systematic literature search. Therefore, the representa-
tiveness of existing research cannot be guaranteed, which
may limit the accurateness of the recommendations. Future
systematic literature reviews and meta-analyses should fol-
low. Secondly, the proposed recommendations are based
on scientific literature with regard to the specific domains
and lack information on research analyzing possibly inter-
acting effects among the different components. Persuasi-
ve features might for example influence the user interface
in many ways, which may lower the ease-of-use for older
adults and in fact counteract the intended usability.
Implications of this review’s findings point towards the idea



of co-creation with the user. Future projects would benefit
from insights of the design process in the specific domain
of PA promotion applications for inactive participants, espe-
cially those with low technical affinity. The value specificati-
on should be highlighted as a target for qualitative research
that can provide important insights for future intervention
development. Advanced research designs such as the fac-
torial design experiment and log-data should be conducted
in research on this topic more often, and be published ac-
cordingly. Moreover, the age-related barriers and limitations
may differ between individuals in this generation, which may
also hinder adoption because of the discrepancy between
the users’ needs and design. More studies are needed that
focus on these individual differences in mHealth design.
This could be a building block for the future in adaptive user
interfaces that are personalized with regard to the individual
user [72].

Since the development of mHealth applications is a partici-
patory process involving users, designers and stakeholders,
it is important to highlight that the provided recommendati-
ons only serve as the starting point. To guarantee successful
implementation and to match the older adults’ needs, a par-
ticipatory approach and the use of HCD and co-creation are
strongly advised. These are especially helpful for ensuring
an appropriate technical translation of values by means of
continuous formative evaluation. This can be achieved by
using prototyping in combination with the think aloud me-
thod as well as heuristic evaluations.

Concluding remarks

Digital health application aka mHealth provides a cost-effec-
tive way of delivering interventions to older adults in order to
promote PA and healthy ageing digitally. Yet, the adoption
of applications by this age-group is typically rather low and
inconsistent as a result of usability issues. This review arti-
cle provided recommendations regarding the design of the
user interface and applications features, taking into account
age-related barriers, the advantage of PSD strategies, the
importance of BCTs and the challenge of data security is-
sues. Future research should further focus on this topic and
especially analyze sub-groups such as individuals with low
digital affinity, to examine the effectiveness and potential of
mHealth applications for future development.
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