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Abstract.
Background: Mobile Health (mHealth) apps can delay the cognitive decline of people with dementia (PwD), by providing
both objective assessment and cognitive enhancement.
Objective: This patient involvement survey aims to explore human factors, needs and requirements of PwD, their caregivers,
and Healthcare Professionals (HCPs) with respect to supportive and interactive mHealth apps, such as brain games, medication
reminders, and geolocation trackers through a constructive questionnaire.
Methods: Following the principles of user-centered design to involve end-users in design we constructed a questionnaire,
containing both open-ended and closed-ended questions as well as multiple choice and Likert scale, in order to investigate
the specific requirements and preferences for mHealth apps. We recruited 48 participants including people with cognitive
impairment (n = 15), caregivers (n = 16), and HCPs (n = 17) and administered the questionnaire.
Results: All participants are likely to use mHealth apps, with the primary desired features being the improvement of memory
and cognition, assistance on medication treatment, and perceived ease to use. HCPs, caregivers, and PwD consider brain
games as an important technology-based, non-pharmaceutical intervention. Both caregivers and patients are willing to use a
medication reminder app frequently. Finally, caregivers are worried about the patient wandering. Therefore, global positioning
system tracking would be particularly important to them. On the other hand, patients are concerned about their privacy, but
are still willing to use a geolocation app for cases of emergency.
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Conclusion: This research contributes to mHealth app design and potential adoption. All three groups agree that mHealth
services could facilitate care and ameliorate behavioral and cognitive disturbances of patients.

Keywords: Alzheimer’s disease, apps, eHealth, information technologies, mHealth, mild cognitive impairment, remote
monitoring, serious games, telemedicine

INTRODUCTION

Alzheimer’s disease (AD) constitutes an increas-
ing health problem with wide-ranging consequences
for the caregivers, health-care systems, and society,
with over 50 million cases worldwide [1, 2]. Never-
theless, there is a number of evidence which shows
that lifestyle recommendations, qualitative care, and
non-pharmaceutical interventions alongside with the
effective implementation of information technology
(IT) advances, might forestall the onset or at least
delay the future progression of cognitive impairment
[3–10].

IT advances focus on developing innovative solu-
tions to improve functional and cognitive capabilities
and increase safety and autonomy, while compensat-
ing further decline of people with dementia (PwD).
In particular, several applications including brain
games are considered to be of particular interest
for healthcare professionals (HCPs) given that they
have proved to be very beneficial for PwD [11,
12]. Additionally, medication reminders and global
positioning system (GPS) trackers for PwD are con-
sidered of high importance for the caregivers and
patients themselves since they provide safety to the
second ones [13, 14]. In general, mobile Health
(mHealth) apps can ameliorate cognitive and func-
tional decline of PwD by implementing passive apps
which target in assessment and monitoring or interac-
tive apps such as brain games and reminders [15–18].
The mHealth apps can provide insightful informa-
tion about patients’ health status, send reminders for
patients’ daily medication or physical activity, allow
both the caregivers and the patients to set alarms in
case of emergency, and provide meaningful disorder-
specific feedback to HCPs, while at the same time
facilitate communication between patients and HCPs
[15, 19–21]. Additionally, mHealth apps and tech-
nological interventions in the form of brain games
may improve diagnostic accuracy both in demented
population as well as in preclinical stages (e.g., mild
cognitive impairment, MCI), by assessing in real-
time cognitive functions while allowing the HCPs
to compare their results with other evidence-based

biomarkers [22]. Meanwhile, brain games consti-
tute a last-decade non-pharmaceutical intervention
targeting on enhancing patient’s cognitive as well
as motor function and coordination [23–25]. More-
over, mHealth apps are accessible for the majority
of people since they are generally affordable, can be
easily installed on patients’ phones and can easily
integrate with electronic health records [26]. How-
ever, the acceptance of the mHealth apps by the
elderly population and more specifically by PwD is
still a challenging issue, while the investigation of
preferable features and requirements constitutes an
important topic in IT and clinical research [27, 28].

Recent survey studies have found that although
many elders have positive attitudes toward adopting
mHealth apps and technology in general, the usage
rates for technologies like mobile phones and com-
puters by the seniors are still low [29]. Nevertheless,
a lot of research has been done investigating various
aspects of health-related technologies, focusing on
preferable features and traits that the elders would like
to be incorporated in the suggested mHealth apps [9].
Also, the attitudes of elders toward different kinds of
technologies ranging from brain games, smart home
systems, and remote monitoring and assistive tech-
nology, to general information that they would like
to receive have also been explored [9, 30, 31]. Given
that the elderly need to be more certain before they
act, they are usually among the last to adopt a product,
service, or an innovative idea [29, 32, 33]. In addi-
tion, the elderly tend to have relatively negative views
toward technology and show less interest in using var-
ious new technologies [28]. It has been shown that
the computer-using experience, perceived ease of use,
perceived usefulness, self-attitude toward new tech-
nology, and socialization agents could increase the
acceptance of technology [32, 34–36]. Therefore, the
abovementioned research studies have paved the way
to explore particular features that are of high impor-
tance for the end-users so as to increase patients’
engagement and empowerment in self-monitoring of
their health and provide seamless access to health care
services to the HCPs and the caregivers. Thus, IT can
provide benefits to the elderly population and more
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specifically to PwD as patients, as well as HCPs and
the caregivers in case they are willing to use them.
Also investigating the PwD requirements prior to the
adoption of an IT product or a mHealth app along-
side with the caregivers’ and clinicians’ preferences
is of high importance in order to clarify and ensure
technology acceptance by the patients.

There is a drive to involve patients and the public
in health research, due to recognition that patient and
public involvement (PPI) may increase the impact
and relevance of health research. Practical issues
with the intervention were also identified by PPI
feedback, including prioritizing time to complete
intervention sessions, and suggestions of ideas of how
care partners can overcome barriers to completing the
intervention [37]. PPI studies can benefit research
focusing on investigation of technology adoption
in several ways. The Alzheimer Europe associa-
tion highlights that involving PwD and caregivers
in dementia research is a “win-win for everyone
involved” [38]. PPI in IT and mHealth apps studies
has become increasingly common since it involves
people in research that pertains to them [37, 39, 40],
while making the research more effective suggesting
efficient implementation strategies [36, 37, 41–43].
According to a recent systematic review focusing on
PPI in dementia research, a great number of studies
have evaluated the impact of PPI in dementia research
by employing online surveys, semi-structured inter-
views, tailored developed questionnaires related to
the study’s questions and focus groups to evaluate
the research objectives, providing useful evidences
in research [37].

Moreover, as suggested by Alzheimer Europe [44],
PPI may also draw on a range of research methods
such as interviews, focus groups, surveys and ques-
tionnaires, Delphi rounds, user-led forums, email,
and Skype consultations. In particular, Stevenson
et al. [45] used a paper-pencil questionnaire devel-
oped by the team, exploring the preferences and
worries of PwD while trying to capture their per-
spectives on the benefits of being a co-researcher
in the exercise. On the other hand, Littlechild et al.
[46] in order to investigate the viewpoints of co-
researchers, organizations, and academic researchers,
used semi-structured interviews and focus groups to
assess the impact of involvement in all stages of the
research process from prioritization and formulation
of research questions, study design, recruitment, data
analysis and interpretation to dissemination. Another
survey [13] argues that it is a must to involve end-
users in the co-design of new technologies in order

to develop apps, devices, as well as testing them in a
real-world context [47]. More specifically, in our pre-
vious PPI study, we developed a Human Factors and
Technology Requirements Questionnaire (HFTRQ)
which included ten dimensions in order to explore
the beneficiaries’ requirements towards using a wear-
able solution and the features they would like to
be incorporated in remote monitoring technologies
[48]. Given that the previous study was focusing
mainly on remote monitoring using contactless sen-
sors, currently there is no PPI study examining HFs,
acceptance and willingness of adoption of interac-
tive systems and mHealth apps, such as brain games,
medication reminders or GPS trackers by the PwD,
HCPs, and the caregivers. Moreover, there is no sin-
gle, established, universal questionnaire for assessing
and evaluating human factors requirements for inter-
active mHealth apps and how to design and integrate
particular applications in daily life of HCPs, care-
givers, and PwD.

In this direction, the present PPI study aims to
address the need to extract HFs, needs, and require-
ments of not only the PwD but also their caregivers
and HCPs with respect to supportive mHealth apps. In
particular, it explores the intentions and preferences
of people at a preclinical stage of AD such as MCI
and SCI, their caregivers and HCPs with respect to
using passive and interactive mHealth apps such as
brain games, medication reminders, or GPS trackers
through a constructive questionnaire. We hypothe-
size that their feedback would help shape current
and future eHealth and IT research toward more
acceptable, usable, and suitable mHealth apps. The
present questionnaire does not constitute a psycho-
metric tool, since it aims to examine several factors
as well as potential improvements in an application
that could be implemented in patients and aspects
that could be objectively adopted by a mHealth app
by considering preferences from HCPs, caregivers,
and people with cognitive impairment in the grounds
of a PPI survey study. Therefore, in this paper, we
explore the involvement of members of the pub-
lic and patient groups in shaping research to: 1)
inform design and procurement decisions regarding
the mHealth app preferences including brain games,
medication reminders, and GPS tracking systems and
2) produce general outcomes to optimize study design
and improve acceptability for those planning and
conducting dementia research using the respective
mHealth apps. It was made clear to the participants of
this PPI survey that we were interested in their views
of current and future mHealth research studies.
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Table 1
Demographic Characteristics of the HCPs (N = 17), caregivers

(N = 16), and patients (N = 15)

HCPs Caregivers Patients

Gender (F:M) 14:3 11:5 9:6
Average Age per group 34.05 52.53 69.93

MATERIALS AND METHODS

Participants and settings

We recruited 48 participants (34 female and 14
male) from the day centers of the Greek Associa-
tion of Alzheimer’s Disease and Related Disorders
(GAADRD) in Thessaloniki and the Frontida Zois
patient center in Patras, between September and
October 2020. They were either elderly people with
mild (MCI) and subjective cognitive impairment
(SCI) who lived independently (n = 15), caregivers
taking care of patients with cognitive impairment
(n = 16), or HCPs (n = 17) holding great experience
in the dementia research field. The distribution of
subjects by demographical data in each subcategory
is shown in Table 1. We tried to include a suffi-
cient number of participants (at least 15 participants
representatives from each group) based on other sim-
ilar approaches which included 30 [39, 49], 35 [7],
12 [42], and 8 [50]. We obtained ethics approval
for our study from the Institutional Review Board
(IRB) of the Centre for Research and Technology
Hellas (ETH.COM 44/2019). All relevant ethical
safeguards have been met in relation to participant
protection.

The Human Factors and Requirements for
Interactive mHealth Applications including
Reminders, Games, and Geolocation for People
with Dementia, Caregivers, and Healthcare
Professionals Questionnaire (HFIAQ)

We have based our study on similar approaches that
included similar open-ended and close-ended ques-
tions to assess end-users’ requirements, views, and
concerns [51]. In particular, we followed the respon-
sive PPI design, which is most suitable to gain an
understanding of the meaning of experiences [21,
37, 39, 49, 52, 53], and focus mainly on the peo-
ple’s significant participation in all aspects of the
research process [50, 54]. Within this PPI survey
design, we did not conduct neuropsychological val-
idation of the generated questionnaire, instead we
used responsive research as framework by developing

Fig. 1. The three dimensions of HFIAQ as examined in the context
of questions for the HCPs, caregivers, and patients.

a survey questionnaire related to our study’s objec-
tives. Previous research has shown that the responsive
methodology and PPI surveys can be seen as an estab-
lished method to actively involve patients in research
and to get insight in the perspectives of all stake-
holder groups involved [49]. In particular, our recent
PPI activity with patient advisory group showed that
people with dementia and their caregivers can actu-
ally provide useful and very important information in
research with regards to wearable technology [55].

Therefore, following similar PPI approaches and
our recent published study, involving PwD, HCPs,
and caregivers [55] in order to explore the bene-
fits and concerns of the technology adoption, we
constructed a questionnaire, containing both open-
ended and closed-ended questions as well as multiple
choice and Likert scale. These aim to prioritize the
participants’ views [56] and investigate the specific
requirements and preferences for designing an appli-
cation that accommodates the needs of people with
cognitive impairment, the caregivers, and HCPs. In
particular, the HFIAQ has been constructed follow-
ing the user-centered design (UCD) of IT [37, 39].
The pool or set of questions, referred to as a ques-
tionnaire in short, does not constitute a validated
neuropsychiatric validation questionnaire, but rather
one for eliciting requirements for interactive mHealth
apps. The HFIAQ includes three dimensions and
was used in this study to explore the beneficiaries’
requirements and feature preferences for using both
interactive and passive mHealth apps (Fig. 1).

In detail, the questionnaire contains 5 open-ended
questions (e.g., What kind of features would you
prefer to be included in a brain game?), 4 multiple
choice questions, and 13 close-ended questions (e.g.,
Would you consider using a medication reminder
application? YES/NO) and 40 Likert scale ques-
tions (range 1–5). For all Likert scale questions, a
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Table 2
Question Categories and Numbers in HFIAQ

Category Questions

Cognitive Enhancement and Brain Games 5 close-ended
2 multiple-choice
5 open-ended
20 Likert scale

Medication Reminders 4 close-ended
1 multiple-choice
10 Likert scale

GPS Tracking and Restrictions 4 close-ended
1 multiple-choice
10 Likert scale

higher score indicates a higher intention, satisfac-
tion, agreement, or willingness in response to the
question. As such, the scores from 1 to 5 corre-
spond to “Strongly Disagree”, “Disagree”, “Neither
Agree nor Disagree”, “Agree”, and “Strongly Agree”.
The HFIAQ is further segmented into categories of
questions with respect to domains of interest to eval-
uate, such as “Cognitive Enhancement and Brain
Games”, “Medication Reminders”, “GPS Tracking
and Restrictions”, to facilitate filling the question-
naire and obtain deeper insights. Table 2 briefly
presents the categories and the respective number and
types of questions for caregivers, HCP and partici-
pants with cognitive impairment.

Statistical analysis

SPSS 25.0 was used to conduct all statistical
analysis. We performed descriptive analysis for the
demographic data and the results of the questionnaire
(close-ended, open-ended, multiple choice, and Lik-
ert scale questions). In the open-ended questions, we
have created clusters of the common answers of the
participants. In addition to the statistical analysis, for
all the Likert scale questions, principal component
analysis (PCA) was conducted, in order to evaluate
the prototypes of the answers and investigate how
the different types of questions are grouped together
using the open source development environment,
RStudio. Appropriate packages were incorporated in
order to calculate the PCA results and to visualize the
Likert scale answers [57, 58].

RESULTS

Cognitive enhancement and brain games

The results demonstrate that UCD plays a pivotal
role in shaping ICT research together with the elderly

Fig. 2. Types of games preference for each end-user category.

with cognitive impairment related to AD, the care-
givers, and the HCPs, by providing insights about
user preferences, wishes, real needs in mHealth. Con-
cerning the answers given with regards to the types
of brain games, most HCPs (88,2%) and patients
(93,8%) and all caregivers (100%) reported “Mem-
ory” as a favorable type of brain game (Fig. 2), while
“Orientation” games were non-negligible by the care-
givers (80%).

More specifically, the caregivers considered hav-
ing “Enjoyable time” while playing brain games and
“Improvement of Cognitive functions” such as mem-
ory capacity, response, and attention skills among
the most useful areas that brain games would ben-
efit the patients. In turn, the HCPs considered that
bridging the gap of “Communication and improv-
ing social interaction” with other family members
or other seniors were of utmost importance for the
patients. Moreover, they considered enhancing the
“Feeling of importance” and “Enhance Creativity”
and contributing to the “Adoption of new strategy or
planning methods”, while ensuring “Enjoyable time”
to the patients, as the most important domains that the
brain games would contribute to (Fig. 3).

Additionally, in a respective Likert scale with
questions regarding the features of the brain games,
all items were selected as particularly important
by all the three groups. In particular, the HCPs
and caregivers selected “Easy-to-Use” as the most
important trait of the mHealth apps. More specifi-
cally, patients reported that “Doctor/Relative inform”
regarding their performance, lacing questions with
“Big-Letters”, “Showing Errors”, and “Performance
Metrics” and the capability to “Adapt to educational
level” for each user were of utmost importance for
them. Also, HCPs, stated that the “Increasing level of
difficulty” and the “Inclusion of Different Questions”
for every task holds great importance (Fig. 4). As a
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Fig. 3. Brain games usefulness for each end-user category.

Fig. 4. Brain games feature score for each end-user category.

result, both HCPs and patients considered receiving
information about patient performance as a central
part of the brain game.

Finally, in a multiple-choice question (“In your
opinion, what is the appropriate duration for the use
of a brain game?”), 53% of the caregivers and 41%
of the HCPs reported that they would suggest that
patients play brain games for a duration of 3 to 6
months, while 56% of the patients and 41% of HCPs
would be willing to use them for 1 year (Fig. 5). More-
over, HCPs and patients considered that brain games
would be beneficial for the patients for long-term
implementation.

In general, HCPs, caregivers, and patients con-
sidered brain games as an important IT non-
pharmaceutical intervention for the patients. More
specifically, the efficient implementation of brain
games in daily life of the patients would improve
patients’ memory, orientation, response time, and
logic skills, while at the same time increase the feel-
ing of importance, creative thinking and will offer
enjoyable time to patients to challenge their selves
mentally. Furthermore, among the most important
features, the three groups selected that presentation of
metrics and errors would be particularly important for
the patients when receiving feedback, while sending



I. Lazarou et al. / Human Factors and Requirements for Interactive mHealth Apps for Dementia 503

Fig. 5. Percentage regarding the frequency of playing brain games for each end-user category.

a report or informing the caregivers or HCPs about
patient’s progress should be included as well. Finally,
most of the participants of the three groups high-
lighted that more than 3–6 months up to a year was
mandatory for the patients to interact with the brain
games in order to be able to witness any improvement
in their cognitive functions.

Open-ended questions

The answers provided by the participants to the
open questions are presented in Table 3. From
the open-ended question, “Give reasons why you
would be interested in using brain games”, it seems
that all participants’ interest in using brain games
relied on providing them with daily practice and
challenge, pleasure, while contributing in cogni-
tive, functional, and behavioral improvement (e.g.,
memory, attention), preserving and maintaining cog-
nitive functions and enhancing social interaction
of the patient. Moreover, for the HCPs, the brain
games would benefit their work since they would
provide them a progress report with objective infor-
mation of the patient’s memory status from which
they would be able, in turn, to propose timely and
adaptive interventions. Similarly, the patients in the
open-ended question related to the area that the
brain games would contribute to, highlighted among
others that the brain games would enhance their
creativity, while offering companionship and cog-
nitive improvement. Additionally, in the respective
question, the caregivers supported that incorporat-
ing enjoyable activities into patient’s daily routine
would help them avoid boredom while maintaining
daily functionality and cognitive functions. At the
same time, the patient would receive daily feedback
about their status through self-assessment, which
would enhance patient engagement and user-centered
approach.

Finally, the HCPs, the caregivers and the patients
highlighted the features: “increasing level of dif-
ficulty”, “team games with seniors who share
similar cognitive problems”, “inclusion of memory
exercises”, “offering rewards after a successful com-
pletion”, and “impressive graphics with a simplistic
and not confusing interface” as important. Addition-
ally, in the open-ended related question (“What is that
trait that would make you play a game every day? /
suggest the game to the patient?”), the participants
underlined that if the game was pleasant, helpful,
allowed them to set goals and receive rewards and
to track their performance longitudinally (to better
describe the daily problems to their doctor), it would
make them play it daily or at least suggest it to another
patient.

Medication reminders

Regarding medication reminders (the answers are
presented in Fig. 6), the majority of the patients (69%)
and caregivers (53%) indicated, in the multiple choice
question “How frequent would you like to receive
reminders from the medical treatment app?”, that they
were willing to receive reminders from the medica-
tion treatment app for every medication, while 41%
of the HCPs chose the “weekly reminder” and “for
every medication” as an important feature of the app
for monitoring patients’ treatment. The findings sug-
gest that both caregivers and patients are willing to
use a medication reminder app frequently.

Additionally, in the multiple-choice question con-
cerning the features that the medication reminder
app could include, all HCP (100%) indicated
“Reminders”, “History”, and “Sound” as basic do-
mains, while the 80% of the caregivers selected
“Display of medication with image” and 100%
“Reminders” and “History” (Fig. 7) as a primary
function. On the other hand, several patients consid-
ered the image display as a not favorable feature,
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Table 3
Open-ended questions about the brain

1. Give reasons why you would be interested in using brain
games

• Daily practice and improvement of patient’s QoL
• Offer pleasure, strengthening of cognitive functions, improve

communication
• Entertainment, memory enhancement
• Forestall further cognitive deterioration
• Improve particular areas of cognition that are affected
• Improvement of mood and behavior
• Maintain daily functionality and autonomy
• Improve attention
• Practices the memory, logic and observation
• Increase awareness and personal skills
• Have fun
• Self - assessment
• Better memory performance
• Preserve memory capabilities
• Gain better knowledge of patient’s health status

2. Describe a game which would be of high interest for you
• Present pictures and then ask patients particular questions
• Personalized design based on the patient’s capabilities
• Spot differences between two similar images
• Increasing level of difficulty
• Play sounds to give feedback to the patient
• Mark patient’s progress every week
• Focus on memory and entertainment
• Easy-to-use
• Include a lot of colors and nice graphics to attract the interest of

the patient
• Adapted based on the cognitive level of the user
• Present scores and to keep up with the scores on a continuous

basis so that clinicians can have a monthly report about
patient’s progress

• To include an artistic part in order to take advantage of the
creative mood or to highlight / evaluate its errors

• Adapted to the educational level
• Interactive
• Reinforcement to increase the desire to achieve the ultimate

goal of the game
• Easy connectivity to games (without many login procedures,

operation and no internet access needed)
• Friendly visualization for people with dementia and the elderly
• Setting goals and incorporate questions related to memory,

attention and observation
• An activity that is especially beloved is the orientation to time

and events that have happened the same day in the past. A game
that could somehow integrate something like this and
differentiate daily would be interesting.

• Play sounds, include colorful images, capital letters
• Interesting exercises
• Short and understandable questions
• Be creative and easy to use as well as interesting for the patient
• Related to the patient’s daily life, e.g., house operation and

management of personal issues
• To monitor patient’s cognitive status
• Have anagram questions, word completions, videos, pictures

crossword questions
• Pleasant and creative and promote complex thinking

3. Brain Games Features that you would like to be included
• Completion of sentences, Puzzle and assembling pieces,

puzzles with pictures, find similarities

Table 3
(Continued)

• Give rewards in case of success
• Have the ability to use them without supervision by the

caregiver
• Logic game
• Many pictures and different shapes
• Find the differences games
• Memory exercises between pictures, sudoku, exercises with

reflections
• Large screen, quite simple and enjoyable game environment
• Levels of increasing difficulty and place scores for each game
• Adapted based on the educational and cognitive level
• Team games of people with a relatively similar level of

cognitive impairment
• Big letters and available on touch screen
• Available for touch screens including the amplifying sounds
• Opposites and synonyms as well as name animal or thing
• Simple questions and answers that strengthen the patient’s

memory

4. In what area do you think these games would help you/the
patient?

• Patient engagement
• Increase creativity, mood, attention, memory and problem

solving
• Cognitive Enhancement
• Improve attention, social skills, communication and orientation
• Empowering the patient at all levels of his life
• Assessment / timely intervention, exchange of experiences /

good / bad practices
• Incorporating enjoyable activities into patient’s daily routine

and avoiding boredom
• Maintaining daily functionality and cognition
• Improve cognitive functions and thinking using logical

combinations
• Companionship and improvement of the patient’s daily life
• Self-assessment
• Integration of what patients learn in their daily life
• Spending time creatively and enjoyable

5. What is that characteristic that would make you play a
game every day? / suggest a game to the patient?

• Interesting, helpful, pleasant and useful to the patient
• Not having complicated questions and confuse the patient (log

in etc.)
• Not being difficult and stressing out the patient
• Combination of entertainment and cognitive empowerment
• Easy to use from a technological point of view
• Long-term improvement of patient’s cognitive functions
• Setting goals and gives reward (score or some gift)
• Include interaction with other members of the same state
• Different levels
• Try to level up and score better
• Not boring not to have the same things all the time
• Have nice features, different things and meet personalized needs

while they were in favor of medication reminders
and history (100%). All participants agreed that
medication reminders would be the most important
contribution of a tailored app, followed by medication
history and sound playing.

Finally, in the respective 8 Likert scale ques-
tions about the potential parameters that the HCPs,
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Fig. 6. Frequency of receiving reminders for the medication by the end-users category.

Fig. 7. Percentage of preferences for the medication reminder features by the end-users category.

Fig. 8. Usefulness regarding medication reminders by the end-users category.

caregivers, and patients would find the medication
reminder app useful (e.g., “I would like the medica-
tion reminder to keep history of my medication”),
all caregivers selected the number 5 (the median
value for all 8 Likert scale questions), indicating

all domains as very important and useful for the
proposed solution (Fig. 8). Both HCPs and patients
chose the “easy-to-use”, “compliance to medication”,
and “reminder of the medication” as a major feature
for using the app for monitoring patients’ medical
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Fig. 9. Geographical location features by the end-users category.

treatment. Additionally, HCPs stated that sending
reminders to relatives would be also a useful trait,
whereas connection to other devices seemed not so
important for patients.

As a result, HCPs, caregivers, and patients consid-
ered medication reminders as an important interactive
app feature, particularly by ensuring medication com-
pliance and keeping a history of medications, while at
the same time it would increase the feeling of auton-
omy by also providing information about medical
history to HCPs and caregivers. Additionally, regard-
ing the frequency that the end-users would like the
patients to receive medication reminders, most of the
participants chose “reminder for every medication”
during the day. Moreover, among the most impor-
tant features, the end-users agreed that presentation
of history and playing sound for reminding the med-
ication while at the same time showing a banner with
the name of the medication would be of outmost
importance.

GPS tracking and restrictions

Concerning the answers given about the geograph-
ical location and GPS tracking, all HCPs, caregivers,
and patients (100%) agreed that calling relatives
in case of emergency was an especially important
feature. In particular, the caregivers considered all
features particularly important with regards to the
GPS tracking of the patient, while the patients found
less important the implementation of geographical
limits and restrictions (43.8%) or the alarm ring-
ing if they move away of the resident area (25%).
Both HCPs and caregivers considered real-time GPS
tracking of the patient and setting limits would be

immensely helpful and important for the app and
should not be negligible (Fig. 9). The findings suggest
that the majority of the participants were willing to
use a GPS tracking app with the most critical feature
being calling relatives in case of emergency, while
features such as “alarm if the patient goes too far”
were not so important.

Additionally, in the respective 8 Likert scale ques-
tions about the potential parameters that the HCPs and
caregivers would like to be included while using GPS
tracking app (e.g., “By using the geographical loca-
tion app I would like to . . . ”), all HCPs and caregivers
selected the number 5 (the median value for all 8 Lik-
ert scale questions), indicating total agreement with
respect to “Missing”, “Call someone in case of emer-
gency”, “Call someone if the person goes too far”,
“Connect to other devices”. In general, all of them
underlined and admitted that the “Easy-to-use” fea-
ture of the GPS tracking application was extremely
important, while most of them would find it useful
in cases of “Emergency” (Fig. 10). Finally, keep-
ing “History” of the patient’s route was considered
among the least important aspects.

Furthermore, HCPs, caregivers, and patients con-
sidered GPS tracking and restriction as an important
intervention for the last ones, given that it will
contribute particularly in cases of emergency and dis-
orientation. Nevertheless, the patients were not in
favor of constant monitoring of their location or set-
ting boundaries and restrictions or alarms in cases
where they want to distance from their home. On the
other hand, both HCPs and caregivers underlined the
importance of the abovementioned features. Finally,
all end-users agreed upon calling a relative in case of
emergency.
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Fig. 10. Geographical location usefulness by the end-users category.

Principal component analysis for Likert scale
questions

To evaluate the prototypes of the answers and how
the different types of questions are grouped together,
PCA was conducted on all the Likert type questions
for the different categories. In Fig. 11, the correspond-
ing categories of questions are shown, “Cognitive” -
Cognitive Enhancement and Brain Games, “Medi-
cation” - Medication Reminders, and “GPS” - GPS
Tracking and Restrictions. Those are accompanied
by the percentages of participant answers for each
Likert score respectively, where “3” stands for “Nei-
ther Agree nor Disagree” and is considered a neutral
ranking for the PCA analysis. Two principal compo-
nents were finally used, “Component 1” (PC1) and
“Component 2” (PC2), and the PCA parameters were
calculated and are shown in Table 4. For this pro-
cess, regarding the number of principal components
selected, it is ensured that Eigenvalues are larger than
1 (8.078, 6.525) and the Variance Explained (Cumu-
lative) adequately represents the dataset (0.406). A
categorization emerged for PC1 and PC2 that groups
a majority of 13/20 “Cognitive” and 6/8 “Medi-
cation” questions in PC1 category and 6/8 “GPS”
questions in PC2 category. This signifies a differ-
entiation in regards to patient answers, resulting in
a grouping of the answers in two principal compo-
nents, which seemingly reflects the questions’ initial
categorization.

DISCUSSION

From the results of the present PPI survey, all par-
ticipants were likely to use mHealth apps, with the

primary desired features being the improvement of
memory and cognitive functions, assistance on medi-
cation treatment and perceived ease to use. In general,
caregivers are seriously worried about patient’s wan-
derings, therefore geographical location and setting
restrictions would be of utmost importance to them.
On the other hand, patients have a different perspec-
tive on setting boundaries, but they are willing to use
a geographical location app in case of emergency.
Moreover, all three groups agree that mHealth apps
could help the patients to ameliorate behavioral and
cognitive disturbances. To the best of our knowl-
edge, this is the first PPI survey that explored the
preferences, views, and concerns, regarding mHealth
apps, of people with cognitive impairment, HCPs,
and caregivers. The present PPI survey highlights that
people with cognitive impairment as well as HCPs
and caregivers can provide valuable and insightful
suggestions that can promote the design, quality, and
the outcome of a research.

In particular, there are several approaches which
have gained interesting insights regarding technol-
ogy acceptance from PPI activities [20, 21, 34, 37].
Broadly, their findings are consistent with previous
research which has reported that older adults do
perceive benefits to technology [59] but raise some
concerns that older adults are unable, unwilling, or
afraid to use technology [60]. Recent evidence sug-
gests that several factors may influence acceptance
of technology including characteristics of the tech-
nology together with usage characteristics, perceived
complexity, and level of innovation or characteristics
of the user such as perceived ease of use and com-
patibility, experience, personal traits, and fun [21,
37, 61–64]. Similarly, the results of the present PPI
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Fig. 11. Principal component analysis for Likert scale questions.

Table 4
Principal Component Analysis Parameters Summary

Parameter PC1 PC2

Eigenvalues 8.078 6.525
Variance Explained 0.224 0.181
Variance Explained (Cumulative) 0.224 0.406
Variance Explained (Proportion) 0.224 0.181

survey provide convergent evidence that ease of
use, fun and enjoyment are significant variables in
adopting mHealth apps from the end-users’ perspec-
tive. Additionally, training and education before the

mHealth app installation seems to be necessary to
make the end-users familiar in using technology to
avoid any potential anxiety of using the suggested
mHealth apps. Moreover, contrary to the previous
studies, which explored general technology accep-
tance, the participants of the present PPI survey,
were presented with a wide variety of features and
questions regarding several mHealth apps, including
brain games, medication reminders and GPS tracking
systems. Participants reported using the suggested
mHealth apps on a daily basis long-term, a find-
ing perhaps reflecting that our participants sample
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is in need of useful and efficient solutions for the
patients.

Moreover, caregivers, playing pivotal role in
patients’ care, found the suggested mHealth apps
extremely useful especially in cases of emergency.
In this common vein, recent findings from similar
approaches indicate that mHealth apps can also assist
caregivers in releasing their mental and economic
burden while at the same time providing useful infor-
mation about their patients [47, 65]. A recent study
by Thorpe et al. explored the adoption of smartphone
and smartwatch with six mobile apps (navigation,
scheduling, orientation, communication, emergency
help, and monitoring) [47]. In their study the most
appreciated function by patients was scheduling,
which reminded or notified them about the activities
they should perform, while the navigation or emer-
gency support functions were not considered that
much useful. Finally, the most important feature for
the patients was found to be the personalization and
adaptation of the apps based on individual prefer-
ences and needs. This was in fact confirmed in other
research studies as well [13, 66–68]. Like our PPI
survey, the patients as well as the HCPs and the care-
givers highlighted that reminders of medication and
emergency was of utmost importance.

Other surveys have emphasized that the touch
accuracy for these people might cause a difficulty
and therefore technical aspects of the devices should
be considered, e.g., weight of device, screen size, or
the layout of buttons and taskbar [68–70]. Therefore,
important features include content quality, usability,
need to match the app to patients’ educational and
health background, device connectivity standards,
security, and user privacy. Furthermore, the findings
of the research studies [69, 71–73] show evidence
that mHealth apps are effective in cognitive screening
and the daily monitoring and assessment of demen-
tia, given that these apps are more accurate than the
traditional assessment methods and they are easily
administered and understood by the end-users. At the
same time they can minimize the examiner’s biases,
enable patients to stay independent on their tasks
of daily living; forestall hospitalization and improve
the overall quality of life of people with cognitive
impairment [71, 74, 75]. Our results are also in com-
pliance with the abovementioned approaches who
maintain that mHealth apps are more sensitive to
detect decline in cognitive functions due to natural
variation at the time of testing, given that they pro-
vide repeated and reliable assessments of cognitive
functions.

In general, according to our study’s findings, the
patients are willing to use mHealth apps for enabling
homecare and cognitive training instead of visiting
a doctor frequently for assessment or reporting their
daily problems (e.g., medication) to the clinicians. In
turn, they consider mHealth apps as tools for improv-
ing their cognition, a finding which is aligned with
a recent review assessing potential factors affecting
adoption of technology, highlighting that the use of
technology also depends on people’s perceived per-
sonal need for technology [4, 76–78].

Since memory and activities of daily living are
widely affected within the AD spectrum, the patients
outlined that they are willing to adopt brain games
to enhance their memory while medical reminders
would be of particular interest to them given that they
frequently forget to take their prescribed medication.
Therefore, mHealth apps should incorporate func-
tions related to medication reminders, geolocation
in case of emergency and brain games for cogni-
tive improvement. One of the main potential barriers
in adopting mHealth apps that HCP, caregivers, and
the patients underlined is that perceived ease of use
and reliability of the mHealth apps have significant
influence on the intention to use interactive appli-
cations technologies. Thus, the fact that technology
creates such concerns indicates that designers and
ICT researchers play a pivotal role in addressing such
worries, by minimizing for instance erroneous mes-
sages or sounds as much as possible. In particular,
concerning the brain games, HCPs, caregivers, and
patients highlighted among others that brain games
would constitute as brain workout for the patients,
significantly contributing to their memory and orga-
nizational skills.

All the three groups underlined that brain games
would offer enjoyable time and fun to the patients,
strengthen their cognitive and behavioral functions,
improve communication, forestall further cognitive
deterioration, while at the same time maintain daily
functionality, attention, awareness, and autonomy
and gain better knowledge of patient’s health sta-
tus [47]. Additionally, regarding more appealing
brain game features, the patients selected, among
others, the adapted and personalized design with
nice graphics, inclusion of suitable questions based
on the patient’s cognitive status and educational
background, increasing level of difficulty, tracking
patient’s progress by presenting scores every week
and playing sounds to give feedback to the patient.

Moreover, the inclusion of a brain game, which
would ask the patient orientation to time and events
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questions, would be interesting as mentioned by the
caregivers and HCPs. In conclusion, the findings
suggest that the eHealth systems through interac-
tive mHealth apps can assist HCPs, caregivers, and
patients in care assessment and decision-making.
Therefore, it is important especially for PwD living
on their own to have an enjoyable time while play-
ing brain games, which also provides them with tools
to enhance interaction in an intuitive and transparent
way.

Moreover, this PPI study highlights the importance
of a UCD and patient-centered approach in shaping
research with mHealth apps. Because of the question-
naire administered to the HCPs, caregivers, and the
patients, brain games, medical treatment reminders,
and geographical location found to have great poten-
tial but can be rendered unacceptable or unsuitable if
they are not easy to use both by patients as well as
by HCPs and caregivers. However, this study found
that both HCPs and caregivers are willing to incorpo-
rate mHealth apps in their daily activities in order to
have a holistic and objective overview of the patients’
health status while at the same time providing support
for their cognitive improvement.

On the other hand, patients are strongly in favor of
using interactive and passive mHealth apps in order
to track their medical history and play brain games in
order to have an enjoyable time while at the same time
improving their cognitive performance and feel safer
to be located in case of emergency. The present PPI
results indicate that mHealth apps can provide sup-
port for patients with cognitive impairment in their
activities of daily life (e.g., medication management),
and especially, in the intervention and the manage-
ment of cognitive functions through the usage of brain
games. Also, interactive technologies can reduce both
mental and economic burden of their caregivers, pro-
viding a feeling of assistance in case of emergency
and offering full access and objective information to
HCPs that drive the implementation of personalized
and tailored interventions.

CONCLUSIONS AND FUTURE WORK

This PPI research analyzed the main factors influ-
encing individual mHealth apps adoption from a
quantitative perspective and put forward a compre-
hensive user adoption framework. Also, the study
analyzed the HCPs as well as caregivers’ perspec-
tives with regards to the mHealth apps tailored
to PwD. This research contributes to the mHealth

apps services adoption. Future work is to implement
the games and apps in the framework of sup-
port2Live (https://www.ypostirizo-project.gr/) and
evaluate their acceptance and clinical value. Future
research should consider the abovementioned con-
cerns and requirements to build such mHealth apps
by extending previous work while the findings from
this paper could be a useful addition in remote clinical
trials and technological solutions to tackle cognitive
related issues for PwD or elders in general. Thus, a
thorough understanding of older adults’ usage and
perception of technology is essential for maximizing
the potential that technology has to offer for facilitat-
ing independence in everyday life of elder users.
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[57] Lüdecke D (2021) sjPlot: Data Visualization for Statistics
in Social Science. R package version 2.8.7. 1-106.

[58] Wickham H (2016) ggplot2: Elegant Graphics for Data
Analysis.

[59] (2010) Older adults talk technology: Technology usage and
attitudes. Comput Hum. Behav 26, 1710-1721.

[60] Crisp DA, Griffiths KM (2016) Reducing depression
through an online intervention: Benefits from a user per-
spective. JMIR Ment Health 3, e4.

[61] Maresova P, Tomsone S, Lameski P, Madureira J, Mendes
A, Zdravevski E, Chorbev I, Trajkovik V, Ellen M, Rodile
K (2018) Technological solutions for older people with
Alzheimer’s disease: Review. Curr Alzheimer Res 15,
975-983.

[62] Chen K, Chan AHS, Chan SC (2012) Gerontechnology
acceptance by older Hong Kong people. Gerontechnology
11, 1-12.

[63] Freeman ED, Clare L, Savitch N, Royan L, Litherland R,
Lindsay M, Freeman ED, Clare L, Savitch N, Royan L,
Litherland R, Lindsay M, Freeman ED, Clare L, Savitch
N, Royan L, Litherland R, Lindsay M (2005) Improving
website accessibility for people with early-stage dementia:



I. Lazarou et al. / Human Factors and Requirements for Interactive mHealth Apps for Dementia 513

A preliminary investigation A preliminary investigation.
Aging Ment Health 9, 37-41.

[64] Davis FD (1989) Perceived usefulness, perceived ease of
use, and user acceptance of information technology. MIS Q
Manag Inf Syst 13, 319-339.

[65] Pitts K, Pudney K, Zachos K, Maiden N, Krogstie B, Jones
S, Rose M, Macmanus J, Turner I (2015) Using mobile
devices and apps to support reflective learning about older
people with dementia. Behav Inf Technol 34, 613-631.
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