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Abstract

Background: Studies have shown that mobile apps have the potential to serve as nonpharmacological interventions for dementia
care, improving the quality of life of people living with dementia and their informal caregivers. However, little is known about
the needs for and privacy aspects of these mobile apps in dementia care.

Objective: This review seeks to understand the landscape of existing mobile apps in dementia care for people living with
dementia and their caregivers with respect to app features, usability testing, privacy, and security.

Methods: ACM Digital Library, Cochrane Central Register of Controlled Trials, Compendex, Embase, Inspec, Ovid MEDLINE,
PsycINFO, and Scopus were searched. Studies were included if they included people with dementia living in the community,
their informal caregivers, or both; focused on apps in dementia care using smartphones or tablet computers; and covered usability
evaluation of the app. Records were independently screened, and 2 reviewers extracted the data. The Centre for Evidence-Based
Medicine critical appraisal tool and Mixed Methods Appraisal Tool were used to assess the risk of bias in the included studies.
Thematic synthesis was used, and the findings were summarized and tabulated based on each research aim.

Results: Overall, 44 studies were included in this review, with 39 (89%) published after 2015. In total, 50 apps were included
in the study, with more apps developed for people living with dementia as end users compared with caregivers. Most studies
(27/44, 61%) used tablet computers. The most common app feature was cognitive stimulation. This review presented 9 app
usability themes: user interface, physical considerations, screen size, interaction challenges, meeting user needs, lack of
self-awareness of app needs, stigma, technological inexperience, and technical support. In total, 5 methods (questionnaires,
interviews, observations, logging, and focus groups) were used to evaluate usability. There was little focus on the privacy and
security aspects, including data transfer and protection, of mobile apps for people living with dementia.

Conclusions: The limitations of this review include 1 reviewer conducting the full-text screening, its restriction to studies
published in English, and the exclusion of apps that lacked empirical usability testing. As a result, there may be an incomplete
representation of the available apps in the field of dementia care. However, this review highlights significant concerns related to
the usability, privacy, and security of existing mobile apps for people living with dementia and their caregivers. The findings of
this review provide a valuable framework to guide app developers and researchers in the areas of privacy policy development,
app development strategies, and the importance of conducting thorough usability testing for their apps. By considering these
factors, future work in this field can be advanced to enhance the quality and effectiveness of dementia care apps.
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Introduction

Background
Dementia is an irreversible condition that affects the human
brain [1]. It often affects older adults [1] as the risk of
developing dementia increases with age [2]. Dementia is ranked
as the seventh leading cause of death worldwide [3] and the
eighth leading cause of death in Canada [4]. People living with
dementia often experience symptoms such as memory loss,
disorientation, wandering, and behavioral and psychological
symptoms of dementia (eg, agitation, aggression, and delusions)
[1,5]. As such, people living with dementia gradually lose their
independence, and many rely on the care provided by their
family members or friends as dementia progresses [6-8]. These
care providers are usually referred to as informal caregivers [9].

The literature indicates that people living with dementia would
like to remain at home [10]. Staying at home allows people
living with dementia to remain more independent with
self-autonomy, thus improving their quality of life (QOL)
[11,12] and reducing care costs [13]. However, research
indicates that informal caregivers experience caregiver burden
and require additional support for their daily caregiving duties
[14,15]. Thus, it is urgent to find effective and accessible
solutions to assist and support informal caregivers and people
living with dementia in maintaining their QOL.

Mobile technology has become an essential part of our daily
lives as it is widely used worldwide [16,17]. Studies indicate
that mobile devices can support people living with dementia in
their daily lives and improve the QOL of both people living
with dementia and their informal caregivers [18-25]. For
technology to be effective and acceptable, it needs to fulfill the
users’ needs [25,26]. However, studies have demonstrated a
gap in technology that meets users’ needs [27,28]. Studies have
illustrated that privacy concerns could hinder technology
adoption for people living with dementia and their informal
caregivers. However, there is limited research on the ethical
considerations for people living with dementia [29-32]. To
address these concerns, it would be beneficial to understand the
privacy and security issues that people living with dementia
may face on mobile devices.

Mobile apps have been developed to assist with dementia care
[18,19]. Previous literature reviews have examined apps for
dementia medical screening [33,34] and the effects of the apps
on informal caregivers [35]. However, little is known about the
needs of people living with dementia and their informal
caregivers regarding apps for dementia care [27,36]. This review
advanced our knowledge of apps in dementia care with a focus
on app features, usability, and acceptability of the apps for
people living with dementia and their caregivers, as well as

providing an analysis of safety and privacy agreements. To our
knowledge, this is the first review to comprehensively examine
the literature with a user-centered approach.

Objectives
The major research aims were as follows:

1. To identify the types and features (ie, professional referral)
of researched apps that are used to support dementia care
(ie, QOL, dementia education, support and services, and
performing activities of daily living [ADLs]) for people
living with dementia and their informal caregivers

2. To identify privacy and safety features of researched apps
from the perspective of end users (ie, concerns over being
hacked) and developers and researchers (ie, apps with
security prompts built in, privacy policies, or encrypted
data)

3. To describe the methodologies that have been used for
usability evaluation

4. To summarize the results obtained from the usability
evaluation of the apps

Methods

This systematic review was conducted according to the
previously published review protocol in the Gerontology journal
[37] and has been registered in PROSPERO
(CRD42020216141). The review also follows PRISMA
guidelines (Multimedia Appendix 1).

Information Sources and Search Strategy
The search strategy was developed in consultation with and
executed by an information specialist. It included using both
text words and subject headings (eg, Medical Subject Headings
and Emtree) in areas related to dementia and Alzheimer disease
(AD) and mobile apps. The databases searched included ACM
Digital Library, Cochrane Central Register of Controlled Trials
(Ovid), Compendex (Engineering Village), Embase (Ovid),
Inspec (Engineering Village), MEDLINE ALL (Ovid), the
American Psychological Association PsycINFO (Ovid), and
Scopus.

A manual search of the reference lists of the included studies
and relevant systematic reviews was also conducted. All
databases were searched from resource inception. Searches were
limited to human participants and studies in the English language
when possible. The full search strategies are presented in
Multimedia Appendix 2.
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Study Selection

Overview
Duplicates from the initial search results were removed using
the EndNote software (Clarivate Analytics) [38]. The remaining
results were then imported to Covidence [39] for title, abstract,
and full-text screening. In total, 2 researchers independently
screened the titles and abstracts based on the inclusion and
exclusion criteria. Disagreements were first discussed between
the 2 researchers. A third researcher was involved if an
agreement could not be reached. The remaining studies then
underwent full-text screening by 1 researcher using the same
inclusion and exclusion criteria. The decision to have a single
reviewer conduct the full-text screening was due to time
limitations and the limited availability of the reviewers, which
made it challenging to conduct this dual-reviewer process. To
avoid potential bias and ensure rigor in the screening process,
several steps were taken. First, we used clear, predefined
inclusion and exclusion criteria to guide the reviewer’s decision
during full-text screening. Second, to minimize errors and ensure
consistency, the reviewer sought a second opinion from the
coauthors for any ambiguous cases encountered during full-text
screening. In addition, the reviewer conducted a random sample
check of the included studies to assess agreement. Although
full-text screening only involved 1 reviewer, it is important to
note that dual reviewers were involved during title and abstract
screening to enhance accuracy and reduce bias.

Inclusion Criteria
Studies were included if all the inclusion criteria were met: (1)
the studies included people living with dementia who lived in
the community, their informal caregivers, or both; (2) the studies
focused on apps used in dementia care; (3) the studies used
smartphones, tablet computers, or handheld computers; and (4)
the studies conducted a usability evaluation of the app with end
users.

Exclusion Criteria
The exclusion criteria were as follows: (1) studies that involved
nonhuman participants; (2) studies that included only healthy
participants or people living with dementia who lived in a
nursing home, a care facility, or long-term care; (3) studies that
involved apps developed for health care professionals, such as
nurses, physicians, therapists, clinicians, or professional
caregivers; (4) studies that included apps focused on dementia
cognition assessment or diagnoses; (5) studies focused only on
a conceptual app, the description and design process, or app
development without user evaluation; (6) review studies, such
as literature reviews or systematic reviews; (7) studies that were
not peer-reviewed, such as preprints; and (8) presentations,
protocols, commentaries, abstracts, supplements, or posters.

Summarized Aspects in Terms of App Evaluation
To ensure a comprehensive analysis related to app evaluation,
specific aspects were investigated. Aspects included the screen
size of mobile devices, app user interface, stigmatization while
using the app, physical considerations of people living with
dementia, technical support, and other relevant factors identified
in the literature. These aspects were carefully selected based on
their relevance to the research aim and their potential impact

on the outcomes of interest. By considering these aspects, a
broad range of factors could be identified that may influence
the effectiveness and usability of mobile apps.

Data Extraction
For each included study, information was extracted by 1
researcher and verified by a second researcher for accuracy and
completeness. Discrepancies were discussed between the 2
researchers to reach a consensus. An Excel (Microsoft Corp)
file was used for logging the extracted data, which included the
following:

1. Publication details: authors, study title, publication year,
publication type (ie, conference paper or journal paper),
country of origin, and funding source

2. Study characteristics: study design (ie, qualitative or
randomized controlled trial [RCT] study), data collection
length, and study aim

3. Participant characteristics: participant type (ie, caregivers
or people living with dementia), severity of dementia,
sample size, participants’ age and gender, and participants’
previous experience with mobile technology or computer
skills

4. Characteristics of mobile apps in dementia care: app name,
language or languages offered, operating system (OS), app
purpose (ie, reminders, reminiscence, and navigation), app
features (such as professional referral), security and privacy
features, device types used in the study (ie, smartphone and
tablet), app support population (ie, people living with
dementia or their informal caregivers), app
commercialization (whether an app was commercialized),
types of data entered by the users, and data collected by the
app

5. Approach for usability evaluation (ie, survey or interview),
measurement of usability evaluation (ie, System Usability
Scale [SUS]), and relevant usability findings.

Quality (Risk of Bias) Assessment
Study quality was assessed using two critical appraisal tools:
(1) the Centre for Evidence-Based Medicine critical appraisal
tool and (2) the Mixed Methods Appraisal Tool [40,41]. The
case study research was assessed using the Centre for
Evidence-Based Medicine critical appraisal tool. Mixed methods
studies, qualitative and quantitative studies, RCTs, and
non-RCTs were appraised using the Mixed Methods Appraisal
Tool. The study quality assessment was completed by 1
researcher and checked by a second researcher. A major goal
of this review was to summarize all available apps for dementia
care. Therefore, all studies regardless of quality were included
to add richness to our findings.

Data Synthesis
A meta-analysis was not performed owing to the heterogeneity
of study designs, mobile apps, participants, and outcome
measures. For example, the participants involved in the studies
were at varying stages of dementia. The mobile apps evaluated
presented a wide range of features and functionalities. The data
were tabulated, summarized, and grouped according to the 4
research aims. On the basis of the nature of the data and the
research objectives, a thematic analysis was chosen [42].
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Thematic analysis is a qualitative analysis method that allows
for the identification of key themes. It allowed us to uncover
the perspectives related to our research aims in a more
meaningful manner. In addition, thematic analysis allowed us
to analyze and interpret the qualitative data extracted from
different sources, such as interviews and focus groups [42].
Therefore, we decided to use thematic analysis to generate
themes through an iterative coding process. During open coding,
the researcher identified initial patterns and concepts within the
data. Clear criteria, including relevance, frequency, and
consistency, were established to guide theme selection.
Recurring patterns and concepts related to the research aims
were identified and then grouped into themes and subthemes
[42].

The coding process was completed by a single researcher and
involved a structured sequence of steps. The researcher
conducted the coding using NVivo, a qualitative data analysis
software (released in March 2020; QSR International) [43]. The
researcher first started a complete review of all the included
papers, focusing particularly on the results sections, to establish
familiarity with the data. The initial coding process included

breaking down the textual content into meaningful nodes in
NVivo. Each node was labeled with a description to capture the
essence of the content. Throughout the process, the researcher
constantly reviewed and compared the new nodes with the
existing nodes to ensure the accuracy of each node. Similar
nodes were grouped into broader categories to identify emerging
patterns. To further ensure accuracy and consistency, the
coauthors also checked the work to confirm that the derived
themes were coherent and comprehensible. The entire coding
process was completed manually within NVivo.

Results

Overview
A total of 7093 records were initially identified. After removing
duplicates, 61.6% (4369/7093) of the records were retained for
title and abstract screening. A total of 6.13% (435/7093) of the
records underwent full-text screening. A total of 44 records
examining 50 apps used in dementia care were included in the
final review for data extraction (Figure 1 [44]). These same
records were included for quality assessment.
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Figure 1. PRISMA_2020_Flow_Diagram.

Study Characteristics
Multimedia Appendix 3 [45-88] presents information on the
study and app characteristics. Of the 44 included studies, 18
(41%) applied a mixed methods approach, 9 (20%) were
qualitative studies, 5 (11%) were case studies, 4 (9%) were
quantitative studies, 4 (9%) were RCT studies, and 4 (9%) were
non-RCT studies. A total of 12% (6/50) of the apps included in
this review were examined in multiple studies [45-50].
Multimedia Appendix 4 [45-88] summarizes the study design
and critical appraisal tools.

The included 44 studies were published between 2009 and 2022.
There was an upward trend in the number of publications after
2015, with 89% (39/44) of the studies published after 2015.
Authors from the United Kingdom contributed the most
publications (15/44, 34%), followed by the United States (11/44,
25%) and Malaysia (3/44, 7%) [51-53]. Most studies (36/44,

82%) were conducted in their own countries. Collaboration
among countries was rare. Only 18% (8/44) of the studies
[48,54-60] involved global collaborations. Most studies (27/44,
61%) reported receiving funding, whereas 36% (16/44) did not
disclose their funding status. Only 2% (1/44) of the studies
explicitly indicated that they received no financial support [61].
A total of 70% (31/44) of the studies were published as journal
papers, and 30% (13/44) were conference full-text proceedings.

App Characteristics, Including Device Type and OS
A total of 50 apps were included in this review. Most apps
(41/50, 82%) were offered in English, whereas 22% (11/50)
were multilingual, with 12% (6/50) [54,62-64] including the
Chinese language. With respect to the OS, of the 50 apps, 13
(26%) used only the iOS platform, 12 (24%) used Android only,
and 15 (30%) were compatible with both Android and iOS. In
total, 4% (2/50) of the apps could be used on the Microsoft
Windows platform [62,65], and another 4% (2/50) were
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web-based applications in addition to their native apps [62,66].
A total of 20% (9/44) of the studies did not mention the software
platform of the app [53,58,67-73]. Regarding device type, more
than half (23/44, 52%) of the included studies used tablet
computers only, with the most common tablet being the iPad
(12/23, 52% of the studies). A total of 23% (10/44) of the studies
used only smartphones, and 9% (4/44) [59,71,74,75] used a
combination of both tablets and smartphones.

Of the 35 newly developed apps, only 5 (14%) were
commercially published on a web store [60,64,66,76,77]. All
these new commercially published apps received financial
support except for 1 that did not mention the financial status
[64]. The remaining 30% (15/50) of the apps were commercially
available apps that were not specifically developed for people
living with dementia but were examined as apps used in
dementia care in the included studies. These included game
apps (10/15, 67%) for leisure activities [54], Our Story [61],
Google Calendar [63], the TouchOSC music-making app [78],
TomTom [55], and GoTalk NOW [62], which were all tested
with people living with dementia. For example, the Our Story
app was originally designed to develop children’s reading and
social skills [89,90] but was used for reminiscence purposes
with people living with dementia in a study [61]. Such apps are
valuable to include in this review to demonstrate the variety of
tools that may benefit people living with dementia.

Participant Attributes
Multimedia Appendix 5 [45-88] presents the participant
attributes. The study participant types included people living
with dementia or their informal caregivers. Half (22/44, 50%)
of the studies included both people living with dementia and
informal caregivers. A total of 27% (12/44) of the studies
recruited only people living with dementia, and 18% (8/44) of
the studies [46,66-68,71,75,79,80] involved only caregivers. A
total of 5% (2/44) of the studies [76,81] did not specify the
participant type, one of which [76] combined participants with
cognitive impairment, whereas the other [81] did not specify
whether the participants were informal caregivers or people
living with dementia. A total of 30% (13/44) of the studies did
not report participants’ stages of dementia. Among those studies
that reported dementia severity (22/44, 50%), studies that
included mild dementia were the most common (18/22, 82%),
followed by those that included moderate dementia (10/22,
45%) and early stages of dementia (5/22, 23%). Only 9% (2/22)
of the studies involved people living with dementia at the severe
stage [54,82]. In total, 18% (8/44) of the studies specified that
the participants were diagnosed with AD
[52,56,62,63,65,69,83,84].

The number of recruited people living with dementia and
caregivers was small across all the studies. Most studies (35/44,
80%) included ≤30 participants of each type (Multimedia
Appendix 6). Only 9% (4/44) of the studies had >30 participants
living with dementia, with sample sizes of 112 [48], 80 [77],
70 [84], and 54 [54]. In total, 14% (6/44) of the studies with
caregiver participants had a sample size >30, specifically
samples of 98 [48], 40 [59], 36 [46,79], 35 [70], and 31 [47].
A total of 649 people living with dementia (sample sizes ranging
from 1 to 112) and 568 caregivers (sample sizes ranging from

1 to 98) were represented in the final included studies. A total
of 2% (1/44) of the studies did not report sample sizes for
participants living with dementia [73], and 5% (2/44) of the
studies did not report sample sizes for informal caregiver
participants [77,84]. Of the 35 studies that included people
living with dementia, 9 (26%) did not report age information
(ie, did not report mean age or age range). In total, 9% (4/44)
of the studies had unclear reporting of age information of people
living with dementia [64,70,74,76]. The mean age of people
living with dementia was 74.4 (range 39-98) years. Of the 30
studies that recruited informal caregivers, approximately half
(14/30, 47%) did not specify any informal caregiver age
information. The mean age of the informal caregiver participants
was 62 (range 17-91) years. Participants’ ethnicity and
socioeconomic status were rarely addressed (16/44, 36%). Over
half (23/44, 52%) of the studies collected information about the
participants’previous experience with computer skills or mobile
devices.

Research Aim 1: Types and Features of Apps in
Dementia Care for People Living With Dementia or
Their Informal Caregivers

Overview
A total of 76% (38/50) of the apps were used specifically for
people living with dementia, whereas 12% (6/50) were
developed solely for caregivers [66,67,74,75,79,80] and 12%
(6/50) were developed for both people living with dementia and
their informal caregivers [60,68,71,82,84,85]. In total, 60%
(30/50) of the apps had a single feature, meaning that an app
served a single purpose, such as apps for reminders,
reminiscence, or brain games [84]. A total of 40% (20/50) of
the apps had multiple features, meaning that different features
were brought into 1 app platform, such as an app offering both
reminiscence and reminder features [84]. It should be noted that
60% (12/20) of the multiple-feature apps were tested most
recently in 2020 and 2021. The following sections will discuss
the features of the apps used by people living with dementia
followed by those of the apps used by informal caregivers.

Apps in Dementia Care Used by People Living With
Dementia
Multimedia Appendix 7 provides a summary of the features of
the apps for people living with dementia. Among the 32 studies,
apps focusing on cognitive stimulation were the most common
(n=17, 53%), followed by reminders or prompts for people
living with dementia to complete ADLs (n=13, 41%), social
support (n=12, 38%), and scheduling for people living with
dementia (n=7, 22%).

Among the cognitive stimulation apps, reminiscence was the
most common approach, followed by brain games. The most
common features of reminiscence included but were not limited
to viewing old photos and videos from their past and listening
to familiar music [45,50]. Ryan et al [45] found that people
living with dementia enjoyed viewing their old photos the most,
followed by listening to familiar music and viewing videos.
People living with dementia preferred personalized media rather
than general media [49]. Similarly, another study found that
people living with dementia enjoyed nostalgic songs with which
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they were familiar. The study also found that participants
happily danced to the music [72]. People living with dementia
loved interacting with their own old photos, photos of their
family and friends, and photos of family holidays they spent
together [45,49,59].

Reminder apps included reminders for taking medication
[57-59,81,84], appointments (ie, meeting with family physicians
or friends) [57,63,65,68,84], daily activities (ie, watch the
favorite TV show) [52,59,86], mealtimes [59,81], special events
(ie, birthdays) [56,84], religious events (ie, prayer time and
church visits) [59,84], doing chores [84], and weather reminders
(ie, warning of rain and snow) [59]. In total, 7% (3/44) of the
studies focused on apps providing step-by-step prompts for
people living with dementia to complete daily tasks, such as
making a phone call or a cup of coffee [69,76,86].

There were 6 kinds of social support offered by the apps. First,
connection referred to the app’s ability to give people living
with dementia quick access to the contact information of their
family or friends and other essential people (eg, family
physician). A photo or the relationship between the contact
person and the user would be displayed to help people living
with dementia quickly identify them. Second, recognition meant
that the app helped people living with dementia identify a
person, face, or object. Third, calling for help was a feature that
allowed people living with dementia to call a predefined contact
person (ie, usually informal caregivers) if help was needed.
Fourth, needs support referred to specific assistance for people
living with dementia to meet their daily needs with the help of
their caregivers [59]. For example, a task message would be
sent to the predefined informal caregivers regarding the request
of people living with dementia using the app [59]. Fifth,
communication aids meant that the app offered an augmentative
and alternative communication method to help improve the
communication of people living with dementia [62]. Finally,
location-based review referred to the app’s ability to allow users
to provide a review and rating of a location they visited [85].

Apps in Dementia Care Used by Informal Caregivers
Multimedia Appendix 8 identifies and describes the app features
used in dementia care that targeted informal caregivers as the
end users. The most common features of the apps included
activities that enabled caregivers to engage the people living
with dementia in an activity or task (eg, playing a game together)
[60,67,75,82] and providing caregiving support [66,67,75,79].

Research Aim 2: Privacy and Safety Features of the
Apps From the Perspective of Both End Users and
Developers
Only 2% (1/44) of the studies mentioned safety and security
concerns about the app from the users’ perspective during their
usability study [60]. This study involved people living with
dementia, their informal caregivers, and home care workers.
One home care worker raised privacy and safety concerns during
an interview:

For me the negative side is...because the information
can be accessed easily by everybody, we have
difficulties in differentiating between true information
and hoax. [ 60 ]

With respect to personal information, apps from 59% (26/44)
of the studies required explicit entry of personal information,
defined as any information that could identify a person, such
as a person’s name, date of birth, home address, photos, or voice
[91].

In total, 9% (4/44) of the studies discussed the various security
features used in the apps [66,71,74,82]. One study applied a
secure certificate (Secure Sockets Layer) to the app to ensure
encrypted communication between users and the server [66].
Passwords were required to access the data, and the data were
encrypted and stored in a database. No data were saved after
web browsing. It was indicated that the participants’ health
information would not be transferred to an external server or
reserved for future research purposes [66].

In the study by Reyes et al [71], user data were stored on an
Amazon Elastic Compute Cloud. The authors argued that
Amazon services were chosen because of their ability to provide
data backup support, security features for data, and advantages
in data analytics [71]. In another study [74], an Advanced
Encryption Standard was applied to encrypt the data that were
collected and stored on the MySQL database and Amazon
Simple Storage Server Bucket (ie, cloud storage) [92]. The
users’media were stored on the Amazon Simple Storage Server
Bucket, and the users’ information was stored on the MySQL
database [74]. Schultz et al [82] stated that the data were
managed and stored securely in a back-end system. However,
none of these 4 studies mentioned whether the data could be
deleted (by users or others) or the length of time that the data
would be stored. In addition, 5% (2/44) of the studies used a
database to store and retrieve the data [79,81]. Notably, there
was no information on whether security features were applied
to the database. In another study, participants were asked to use
pseudonyms, and their locations were partially anonymized
[61]. However, none of the studies mentioned the length of time
that the data would be stored or whether users could access and
delete the data themselves.

Across these 26 apps that required users to enter their personal
information, 8 different privacy policies were found
[55,61-64,66,76,77]. Our analysis of the privacy policies
identified 17 themes (ie, commonalities). Multimedia Appendix
9 shows the privacy policy themes and their descriptions. It is
important to note that not all the themes were reflected in all
the privacy policies; the only commonality found in all the
privacy policies was the contact information and data entered
by end-users themes [93-100]. The other frequently occurring
themes were privacy policy changes [95-100], app owner (ie,
the app developer who creates an app) shares end users’ data
[93,95-98,100], data retention [93,95-98,100], security features
[93,96-100], data ownership [93-95,97,98,100], and data use
[93-97,100]. Less common aspects of privacy policy themes
included age restrictions for users [95,96,100], procedure for
misuse of data [95,96,98], data transfer [95,97], and
jurisdictional data protection laws such as the General Data
Protection Regulation [95,98].

The privacy policies varied with respect to what information
was included and the level of detail provided. The Memory
Matters policy encompassed the most content, with 15 privacy
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policy themes [95], followed by the privacy policies of Google
Calendar and MapHabit, which covered 14 themes [97,100].
The GoTalk NOW privacy policy covered the least themes
(Multimedia Appendix 10). In addition, several aspects of the
privacy policies were not detailed. For example, in the security
features theme, the GoTalk NOW privacy policy did not specify
security methods such as data encryption during transit or data
storage via a secure server. The policy only stated that the app
owner (ie, app developer) followed the laws and regulations to
protect the users’ personal information and data security [99].
A total of 38% (3/8) of the policies also had generally broad
statements such as “personal data would be collected”
[94,95,98].

Several issues were identified in our analysis of the app privacy
policies. For example, poor readability (eg, several sentences
were incomplete in the Memory Matters privacy policy [95]),
50% (4/8) of the policies not having “privacy policy” as the
title [93-95,98], and poor accessibility (eg, 1 policy’s link was
no longer active [100]). Web links were also found in place of
the privacy policies; however, upon further examination, these
links led to terms of service rather than privacy policies [98],
the privacy policy of the university that developed the app and
was not specific to the app [94]. Overall, the privacy policies
lacked consistency in content and varied widely with respect
to detail and quality.

Research Aim 3: Methodologies Used for the Usability
Evaluation of Apps Used in Dementia Care
In total, 5 methods were identified for usability evaluation:
questionnaire, interview, observation, logging, and focus group.
Questionnaires were the most adopted approach (28/44, 64%
of the studies), followed by interviews (25/44, 57% of the
studies), observations (25/44, 57% of the studies), logging (5/44,
11% of the studies), and focus groups (5/44, 11% of the studies).
Most studies (29/44, 66%) applied more than one method to
assess usability: 36% (16/44) applied 2 methods, 25% (11/44)
applied 3 methods, and 5% (2/44) used 4 methods to evaluate
usability [47,52].

Of the 28 studies that used questionnaires, 17 (61%) used
self-developed questionnaires. The questionnaires asked about
the utility, usability, usefulness, functionality, learnability,
satisfaction, ease of use, effectiveness, efficiency, and
acceptability of the app and participants’ experience, opinions,
perceived interest, motivation to use the app, and suggestions
for improvement of the app. In total, 32% (9/28) of the studies
used modified questionnaires [47,48,53,56,60,66,75,83,84]. A
total of 21% (6/28) of the studies used standard questionnaires
[57,64,67,68,75,86], and the SUS was used most often
[57,64,68,75,86]. The other standard questionnaires used in the
studies were the Single Ease Question and Mobile Phone
Usability Questionnaire [64,67]. Qualitative methods were also
used in the form of audio [45,47,55,59,69,74,75,80,87], field
notes [45,47,69,80], or video-recorded [62] interviews and focus
groups [47,60,67,75]. In addition, several methods were used
for the observational approach, which included think aloud
[64,71,78], field notes, and audio [50,55,57,64] or video
recordings [55,62,64,67,72,82]. Finally, logging is an objective
way to record a person’s actual app use [64]. For instance, 11%

(5/44) of the studies used log data—a file generated by an app
itself in real time with user-app interaction information
[48,49,52,56,66]. Log data included the frequency and duration
of app use, steps taken and errors made in completing a task,
prompt frequency or guidance required by people living with
dementia to complete a task using an app, and task completion
rate and completion time. The frequency of app use is defined
as how often an app is used. The duration of app use is the
amount of time a user uses an app. The task completion rate is
the number of times a task can be completed. Task completion
time is the time required by a user to complete a given task
using the app [64]. Prompt frequency or guidance is the number
of times a user requires reminders or prompts or guidance to
complete a task [50,57,59].

Research Aim 4: Results of the Usability Evaluation
of Apps Used in Dementia Care

Overview
Most studies (36/44, 82%) showed that participants had a
positive experience interacting with the app. Participants from
7% (3/44) of the studies, which assessed a cognitive stimulation
game app [88], a facial recognition app [70], and an app to help
people living with dementia with ADLs [58], explicitly
expressed that these apps were not useful and showed low
interest in using the apps in dementia care [58,70,88]. The
cognitive stimulation game app was described as unsuitable for
people living with dementia because of its complexity [88] and
the fact that people living with dementia would constantly
require help from a third person to use the app successfully [88].
People living with dementia reported that they did not think the
facial recognition app was useful and that it would not affect
their social interactions or QOL. Thus, people living with
dementia did not want to continue using the app after study
completion [70]. In the study by Lai et al [58], the authors
developed an app with 4 features: simplified phone calls or SMS
text messages to friends or family members, reminders, 1-click
emergency calls, and a simplified navigation system for people
living with dementia. The results showed that people living with
dementia had low interest in the app even after a demonstration.
People living with dementia were against the idea of having too
much interference from the caregivers in their life. For example,
participants living with dementia did not like caregivers updating
their appointments remotely or being able to view or monitor
their location [58].

Only 2% (1/44) of the studies mentioned accessibility and the
barrier to internet access for people living with dementia in rural
settings compared with urban settings [60]. A total of 9 themes
were identified from app usability testing, which are described
in the following sections.

App User Interface
The studies highlighted that apps should be intuitive to use
[46,65,71,80], which could enhance the learnability of people
living with dementia [65] and facilitate independent app use
[61]. The text and icons should be large enough to improve
readability for people living with dementia and older adults,
especially individuals with vision problems [50,52,61,71,88]
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or limited dexterity, which reduces their ability to tap or hold the icon or button [61,88]. Please see Table 1 for more detail.

Table 1. Summary of suggested app user interfaces.

StudySuggestions

Text •• Rai et al [47]Text size should be large to improve readability, especially for people living with
dementia with vision impairments. • Boyd et al [50]

• Decrease text density by minimizing the use of text and using icons or pictures
where applicable instead.

• Hashim-de Vries et al [52]
• Mohd Hassan et al [53]
• Quintana et al [57]
• Chaudhry and Smith [68]
• Reyes et al [71]
• Rettinger et al [75]
• Hackett et al [86]
• Boyd et al [88]

Icons •• Boyd et al [50]Use larger icons.
• •Icon names should be intuitive and familiar. Mohd Hassan et al [53]

• Quintana et al [57]
• Critten and Kucirkova [61]

Colors •• Boyd et al [50]Colors should have a stark contrast.
• •Avoid using light colors, which make it harder to read. Reyes et al [71]

• Yamagata et al [73]

Illustrations •• Reyes et al [71]Illustrations can help people living with dementia understand the app components
more easily.

Visual stimuli •• Boyd et al [50]Visual stimuli such as animation can be used to attract users’ attention.
• Rai et al [60]
• Wu et al [72]

Voice control •• Mohd Hassan et al [53]A voice feature could be added to an app for users who do not want to type or
read on the app. • Asghar et al [59]

• Hashim-de Vries et al [52]

Image background •• Mohd Hassan et al [53]Backgrounds should use a brighter color to make a strong contrast or should be
plain with a single color.

Language use •• Brown and Kim [67]Plain language should be used; text should avoid jargon.
• •Avoid using stigmatizing words such as demented people. Chaudhry and Smith [68]

•• Boyd et al [50]Avoid using homonyms such as album.

Buttons •• Hackett et al [86]Size of the buttons should be large to make them easily visible.
• •Layout should be such that there is ample spacing between buttons to prevent

errors.
Imbeault et al [65]

• Yamagata et al [73]
• The button should have dimensions, for example, a drop shadow or animation,

to indicate to users that the button can be clicked or selected.
• Mohd Hassan et al [53]

Pop-up advertisements •• Groenewoud et al [54]Pop-up advertisements should be avoided.

Physical Considerations
People living with dementia may face challenges when using
mobile devices because of their vision [52,60,61,71] or hearing
impairments [47], loss of touch sensation, motor impairments
(ie, hand tremors or spasms), or physical pain [47,78]. One
study indicated that physical pain could reduce the time required
to use an app or serve as a distraction from the pain [47]. Issues
such as glare could make it even worse for people living with
dementia [73,87], so it was recommended to use a screen
protector to reduce glare [73]. Some people living with dementia
may not be able to hold the device while interacting with it
because of its size and weight [61,73] and their reduced dexterity

[61,88]. One study reported that people living with dementia
might find it hard to use the keyboard to type because of poor
hand coordination or swollen fingers [57,61]. People living with
dementia may accidentally press unintended screen items, or
their finger may rest on the screen by accident to better hold
the device [88]. As such, a stylus or tablet pen could ease the
dexterity issue and reduce the screen’s unintended touch [57,88].

Screen Size
Owing to vision problems, people living with dementia may
prefer a bigger screen [52,73]. However, there was no consensus
regarding the size of the tablets for people living with dementia.
One study concluded that the screen should not be smaller than
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10.2 inches [73]. Although some people living with dementia
preferred a bigger screen, others thought the smaller size, such
as a 7-inch touch screen, would be more portable
[47,52,57,73,74,88].

App Interaction Challenges
The studies reported that people living with dementia may be
unable to choose the correct widget or app icon [65,101] and
may not understand how to swipe, tap, or drag icons to navigate
various apps [54,101]. For example, people living with dementia
may use the top of the fingernail to swipe instead of a fingertip.
It was found that older adults, especially people living with
dementia, were not sensitive to the difference between using
fingernails and fingertips to respond [73]. In addition, people
living with dementia may press a widget or home screen for too
long and accidentally delete or edit the home screen [57,101].
Instead of tapping the screen, some people living with dementia
may tend to drag their fingers across the screen [73]. People
living with dementia may find it challenging to touch the
interface accurately and accidentally press the taskbar instead
of the app button [65,73].

Apps Should Fit User Needs

Introduce an App at the Right Time

Timing with respect to dementia progression and the abilities
of people living with dementia is an important variable for app
usability. One study suggested that an app that could track the
symptoms of people living with dementia may not be useful for
caregivers of people living with dementia at a later disease stage
as there may not be notable symptom changes [46]. In the same
way, individuals with severe dementia may require a significant
amount of help from a third person [45,48,69,88]. One study
flagged how informal caregivers could end up persuading their
loved ones to use the app against their wishes, thereby causing
tension in their relationship [69]. In contrast, if an app is
introduced too early in the progression of dementia, users may
not be interested in using it. For example, high-functioning
people living with dementia may not be interested in a cognitive
game app developed for people living with dementia as they
may not find it challenging [47,54].

Personalization of an App

Caregivers also indicated the importance of app flexibility in
meeting their various needs [46,80]. The customization or
personalization of an app is desired to suit a range of users. For
example, not all caregivers care for people with AD. Therefore,
if the resources or education included in caregiver support are
only AD-related, informal caregivers of people with other types
of dementia will find little utility in the app [46].

Limited Insight of People Living With Dementia Into
Their Own Needs Regarding the App
One usability study indicated that there may be a reported
discrepancy between people living with dementia and their
informal caregivers [58], specifically that people living with
dementia may not realize how often they forget appointments
or become disoriented outdoors. In contrast, informal caregivers
who provide daily care may be more cognizant of these
incidents. For instance, people living with dementia may not

believe that apps with navigation or reminder features are useful
or relevant to them as much as their caregivers do [58].

Stigma
A new app related to dementia care could make people living
with dementia feel stigmatized. For example, an app makes
people living with dementia feel incompetent in remembering
or performing their daily tasks, which could result in
unwillingness to use the app [29,54,58,69]. One study revealed
that people living with dementia could have a negative
experience with a game app because of the fear that their
cognitive impairment will be exposed [54]. A study on using a
prompt app to remind people living with dementia to complete
daily tasks also suggested that people living with dementia
might feel embarrassed using the app as high use levels may
highlight their memory loss [69].

Lack of Technological Experience
Despite the ubiquity of smart devices nowadays, many older
adults still have limited experience with mobile technology
[60,61,66]. Lack of experience with technology could result in
fear of using it [57,60,62,66]. The study by Ekström et al [62]
found that users were new to operating a tablet with an app to
aid communication. One participant living with dementia was
unfamiliar with the tablet, making them more insecure when
using the device, so they were more passive during a
conversation [62]. Similar results were found in another study,
where participants unfamiliar with tablets were more insecure
about using the tablet and app [57]. One study concluded that
an 11-week study period might not be sufficient for users to get
used to a new app [66].

In contrast, users are more likely to engage with an app if they
have more experience with mobile technologies [49,63,69].
Users are more confident in learning to use the app and more
likely to use it daily [47,49,57,69]. One study found that users
with more technological experience rated app usability higher
[75]. Another study showed that a participant living with
dementia had a positive experience using a reminder app because
of her familiarity with smartphones [63].

Technical Support
As mentioned previously, technological experience can play an
important role in app use. Users need to receive training or
instructions to understand apps and mobile devices [50,61].
Training or instructions will help build confidence so users will
feel more comfortable using the app [61]. The studies indicated
that people living with dementia would need the training to use
an app and prefer a demonstration to show them how to use the
app and mobile device rather than explore the app and device
themselves [57,63,86]. One of the studies pointed out that the
importance of a proper introduction to the app could motivate
the participants’ independent use, especially for those with less
experience with the technology. It also emphasized modifying
the instruction level according to the user’s technology
experience [57]. The users also appreciated the paper-based
manual of the app to help them remember how to use it [57,80].

In addition, support from users’ own networks, such as friends
and family, is important [47,60,69]. It was found that both
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people living with dementia and their informal caregivers would
need support during technology use, which is especially true
for people living with dementia [60]. People living with
dementia often turn to their children or grandchildren for
assistance as they are relatively more technologically savvy
[60]. People living with dementia may prefer that family
members help set up the app to use it successfully [70]. Some
people living with dementia may find it useful to connect with
other users of the same app for technological issues [47,60]. As
users may constantly have questions about a new app or device,
it would be crucial to have continuous support, such as from a
written manual or a contact person, when a question is raised
[80,82]. Ongoing support would also help with app retention
[82].

Discussion

Principal Findings

Overview
To the best of our knowledge, this is the first systematic review
to examine the landscape of available apps in dementia care for
both people living with dementia and their informal caregivers
in a home environment. Notably, our review identified and
analyzed various app features, highlighting the most investigated
aspects for people living with dementia and their informal
caregivers. We also extensively discussed and addressed privacy
and safety concerns in app development, including an analysis
of app privacy policies. This review offers valuable guidance
for selecting appropriate methodologies when conducting
usability studies with people living with dementia and their
informal caregivers. Finally, we provided a comprehensive
overview of app usability outcomes, providing a holistic view
of our findings.

Research Aim 1: Types and Features of Apps in
Dementia Care for People Living With Dementia or
Their Informal Caregivers
The 3 most studied app features for people living with dementia
were cognitive stimulation, reminders or prompts to complete
ADLs, and social support. As stated in other studies, these
activities are considered meaningful for people living with
dementia and could potentially improve their QOL [102-104].
Cognitive stimulation is a nonpharmacological intervention that
provides various activities to stimulate cognition, such as
memory, logical judgment, attention, and language skills
[105,106]. It can improve brain function and prevent its
degradation [72].

It has been shown that reminiscence greatly affects the cognitive
wellness of people living with dementia and improves their
QOL [45,107]. However, precautions are needed when
conducting reminiscence. It was observed that photos with many
people were not recommended as people living with dementia
may not be able to identify the faces [52]. In addition, extra
attention should be paid when selecting materials for
reminiscence to ensure that the materials elicit happy memories
and not sad or painful ones [45,61] for the people living with
dementia or their informal caregivers [45,108]. For example,
photos that remind them of the loss of a family member could

be significant for caregivers but not for people living with
dementia [108].

Reminders of daily activities could help people living with
dementia remain independent [104]. However, not all reminders
are preferred by people living with dementia, such as activities
that can be performed with their family or friends (eg, taking a
walk or checking their blood pressure [59]). As such, an app
developed to replace caregivers would not be favored by people
living with dementia. Users found the reminder feature useful
for daily tasks, including medication times and dosages,
religious activities, mealtimes, and appointments [58,59,68,86].

Many people living with dementia live at home [15] with their
informal caregivers [8], who greatly influence app adoption for
people living with dementia [48,57]. People living with dementia
would be more likely to accept an app when their informal
caregivers are involved [48,77], and people living with dementia
are more engaged when using an app in their caregivers’
presence [77]. The use of apps could allow both people living
with dementia and their informal caregivers to spend more time
together and increase their feelings of connectedness [47]. For
example, apps that prompt conversations and effective
communication could enable meaningful dialogue and improve
the dyadic relationship and quality time [47]. The development
of apps for both people living with dementia and their informal
caregivers could have benefits for both types of end users
individually as well as strengthening their relationship.

Other studies have shown that receiving support from a
caregiving network (ie, help from friends or other family
members) could have a beneficial impact on maintaining the
QOL of people living with dementia and their informal
caregivers [109-111]. Oftentimes, secondary caregivers are
involved in care [46,112]. These caregivers could act as
mediators to share different care tasks and support [46,109].
Thus, an app with a feature connecting family members or
friends involved in care could be useful in the care management
of people living with dementia [46].

In addition, special attention should be paid to the app
instruction or guide (ie, Help button), personalization (ie, Edit),
and rewards features. Although these features were not
mentioned in most studies, they are considered incentives and
could boost app engagement [77,80,82,86]. It was found that
users would greatly appreciate the additional explanation of an
app. A Help button with tips or instructions was suggested
[47,68,80]. The instructions should be written using lay language
to increase accessibility for people living with dementia. Ideally,
instructions should be able to adapt to the user’s computer
experience [57]. An app should be customizable to meet users’
needs [46,80]. An Edit feature could be added to the app to
allow users to change the setting, such as the font size,
background, music, and information sharing [57,68,76]. Finally,
both people living with dementia and informal caregivers found
reward systems beneficial, and these could help motivate their
ongoing use of the app [77,80,86].

The results of this review indicate that 60% (30/50) of
researched apps were single-feature apps (ie, served 1 purpose),
which meant that users needed to download multiple apps to
meet their needs [84]. Another limitation is that most apps
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(39/50, 78%) offered only 1 language. These limitations could
significantly restrict the number of users. To make an app more
widely used, we recommend having multiple features and
offering several languages.

Research Aim 2: Privacy and Safety Features of the
Apps
The literature indicates that people living with dementia are
concerned about their privacy and security [113,114]. However,
this review only identified 1 study that discussed the safety and
security concerns of users from the perspective of a home care
worker [60]. This suggests that more research is required to
examine the perspectives of people living with dementia and
their informal caregivers on privacy and security related to
mobile apps. Our findings also indicated that privacy and
security were not a priority for developers, organizations, and
researchers when developing apps based on the few studies that
described these privacy features (4/44, 9%). Our findings align
with those of previous studies that suggested that developers
lack awareness and knowledge when applying security and
privacy measures during app production [115,116]. None of the
studies described the length of time during which data were
stored or whether users could delete their data, which raises
critical ethical questions regarding data ownership and private
interests related to people living with dementia. This review
also revealed that the privacy policies for commercially available
apps are inconsistent and lack detail, with important content
missing according to the General Data Protection
Regulation [117,118].

None of the usability questionnaires used in the studies included
security- and privacy-related questions despite 61% (17/28) of
the questionnaires being self-developed by the researchers rather
than standardized and validated tools. Despite the importance
of privacy in technology adoption [16,27,28] and the potential
algorithmic bias or harm toward older people (eg, digital ageism
[119]), our findings suggest that developers and their
organizations have not seriously addressed or investigated the
issues related to privacy [120,121]. More research is required
to investigate mobile device–related privacy and security,
especially as they relate to people living with dementia, as the
current research in this area is still in its nascent stages.

Although there are publicly available resources to build privacy
and security tools, such as checklists through app stores or
computing platforms [116], our findings can be used to further
advance a consensus about privacy policies. In particular, the
17 themes from research aim 2 could serve as a general
framework to assist developers, organizations, and researchers
in creating detailed and concise privacy policies. In addition,
we urge organizations to protect users’ data [122,123]
proactively, for example, ensuring that a transparent, concise,
and valid privacy policy is made available for users and that all
web links are active and updated. Finally, more public education
about privacy and security risks related to mobile apps can
enhance the vigilance of formal and informal caregivers and
people living with dementia when choosing or using an app
[122,123].

Research Aim 3: Describe the Methodologies That Have
Been Used for Usability Evaluation
This review found 5 methods to evaluate usability: observations,
interviews, focus groups, logging, and questionnaires.
Techniques for these methodologies include think aloud, video
and audio recordings, and field notes [64,124]. The most
commonly used method in our review were questionnaires
administered at the end of the intervention. The most commonly
used standard questionnaire was the SUS; however, studies
found that people living with dementia may not be able to
complete the SUS because of its double-negative questions
[57,64,86]. Usability questionnaires may not assess the true
performance of people living with dementia as questionnaire
completion usually occurs after the intervention, which requires
recalling the user experience [64,86]. One study compared SUS
results between caregivers and people living with dementia [64].
It showed that people living with dementia provided higher
ratings on the SUS, meaning that the app was more usable for
people living with dementia than for caregivers. However,
caregivers’ higher task completion rates suggested that the app
was more usable for caregivers [64]. Questions have been raised
regarding whether the results of questionnaires are reliable and
valid when used to collect complex feedback from people living
with dementia [57,64,86]. Similarly, the think-aloud technique
was used in several studies; however, the literature indicates
that this methodology may be unsuitable for people living with
dementia [50,64,71]. The think-aloud process requires users to
express their opinions without analyzing their thoughts while
performing specified tasks [125]. This method could overload
the working memory of people living with dementia and lead
them to provide inaccurate information [50,64]. Although the
results will depend on the severity of dementia, the
aforementioned methods are more prone to errors as they are
based on self-report and fallible to recall bias, which would
result in inaccurate usability testing [126]. For instance, people
living with dementia may provide an answer that they think
others would give [126]. Therefore, thoughtful consideration
of the methodologies used to engage with people living with
dementia is required, and caution may be needed when
interpreting the results of unvalidated posttest questionnaires
with people living with dementia.

In contrast, observation and logging provide more objective
measures. Observation requires researchers to document detailed
information about what they see when users interact with an
app. The duration and frequency of app use and task completion
rate and time could be recorded during observation. To make
the results from observation more reliable, in addition to the
presence of the observers taking notes, video recording could
capture users’ reactions and their words when interacting with
an app and then be assessed by 2 researchers independently
[64]. Logging was another form of objective data collection,
which is the user data generated from the app with detailed
user-app interactions (eg, frequency of app or app feature use,
duration of app use, and task completion time).

In summary, applying multiple usability evaluation methods is
recommended [124]. Combining objective and subjective
measures is suggested to better understand users’ needs
[47,49,101]. Objective measures are meant to improve the
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validity and reliability of the usability results. Although logging
could be more promising and cost-effective than observation
methods as it reduces human involvement in recording and
analyzing user-app interactions [126,127], it is also important
to consider the methodology that would achieve the most
relevant results in the given context. By assessing the suitability
of different usability evaluation methods and considering their
alignment with the specific research goals, we can ensure that
the selected approach not only reduces bias and enhances
efficiency but also provides the most meaningful and
contextually relevant outcomes. When enrolling people living
with dementia to complete questionnaires, precautions should
be taken: questionnaires should be understandable, and long
questionnaires with jargon and double negatives should be
avoided. Some questionnaires, such as the SUS, may not be
suitable for people living with dementia [57,64,86].

Research Aim 4: Summarize the Results Obtained From
the Usability Evaluation of the Apps
Our review showed that most studies (36/44, 82%) reported a
positive experience of interacting with the apps. A usable and
intuitive-use app could increase user engagement [45], help
reduce users’ cognitive overload, and build their confidence in
using it. In contrast, an unintuitive app could reduce interest in
use [69]. A lack of intuitive navigation could also hinder app
adoption [58,69]. Our results under research aim 4 could guide
researchers or developers in creating new apps to enhance
usability for people living with dementia. This body of evidence
shows that, although apps used in dementia care are a usable
digital intervention that can provide a variety of supports for
people living with dementia and their informal caregivers, our
results highlight several important design and privacy concerns
that should be accounted for in future research.

Strengths and Limitations
This systematic review makes significant novel contributions
as the first review that systematically summarizes the features
of apps for people living with dementia and their informal
caregivers in dementia care, as well as the security and privacy
features of apps. There are several strengths to this systematic
review. A broad database search was conducted with the help
of an information specialist. This review used predefined
inclusion and exclusion criteria for the patient population and
interventions and 2 reviewers to ensure an appropriate and robust
approach. However, there are also some limitations to this
review. Only 1 reviewer conducted the full-text screening. This
review only included studies in the English language, which
may mean that empirical studies from other
non–English-speaking countries were not included. This review
only covered apps that underwent usability testing and did not
include all commercial apps that did not undergo empirical
usability testing.

Conclusions
People living with dementia and their informal caregivers can
benefit from using mobile technology to facilitate care. Apps
in dementia care are promising tools for improving the QOL of
people living with dementia and their informal caregivers. This
review highlights the landscape of existing researched mobile
apps for people living with dementia and their informal
caregivers in dementia care. To advance future work, our
findings provide a preliminary framework that can direct app
developers or researchers regarding privacy policy generation
and provide guidelines for app developers or researchers
producing future apps in dementia care and recommendations
for future researchers on how to better conduct usability studies.
This review also draws attention to the lack of transparency
regarding privacy and security when using these apps. Our
results highlight the need for more development and research
to address these ethical concerns.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File , 33 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search strategy.
[DOC File , 172 KB-Multimedia Appendix 2]

Multimedia Appendix 3
A description of study and app characteristics.
[DOCX File , 21 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Results of the appraisal of the included studies.
[DOCX File , 29 KB-Multimedia Appendix 4]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 13https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app1.docx&filename=c72a11a8562f78bbf77c27ac9075492b.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app1.docx&filename=c72a11a8562f78bbf77c27ac9075492b.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app2.doc&filename=608b13aad4a3783a1aceafa71602478e.doc
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app2.doc&filename=608b13aad4a3783a1aceafa71602478e.doc
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app3.docx&filename=8b18c58a33e1d8b528fcf117dddbef83.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app3.docx&filename=8b18c58a33e1d8b528fcf117dddbef83.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app4.docx&filename=ff6595a980ffed0fb5ed6522770dabc0.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app4.docx&filename=ff6595a980ffed0fb5ed6522770dabc0.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 5
A description of participant characteristics.
[DOCX File , 19 KB-Multimedia Appendix 5]

Multimedia Appendix 6
The sample size of participants distributed across the studies.
[PNG File , 42 KB-Multimedia Appendix 6]

Multimedia Appendix 7
A summary of app features for people living with dementia.
[DOCX File , 15 KB-Multimedia Appendix 7]

Multimedia Appendix 8
A summary of app features for caregivers.
[DOCX File , 15 KB-Multimedia Appendix 8]

Multimedia Appendix 9
A description of privacy policy themes.
[DOCX File , 16 KB-Multimedia Appendix 9]

Multimedia Appendix 10
Tally of themes of each app privacy policy.
[DOCX File , 18 KB-Multimedia Appendix 10]

References

1. Dementia. World Health Organization. 2020. URL: https://www.who.int/news-room/fact-sheets/detail/
dementia#:~:text=Dementia%20is%20a%20syndrome%20in,million%20new%20cases%20every%20year [accessed
2021-01-18]

2. Risk factors. Alzheimer Society of Canada. 2018. URL: https://alzheimer.ca/en/document/1270 [accessed 2021-01-19]
3. The top 10 causes of death. World Health Organization. 2020. URL: https://www.who.int/news-room/fact-sheets/detail/

the-top-10-causes-of-death [accessed 2021-01-18]
4. Leading causes of death, total population, by age group. Statistics Canada. 2021. URL: https://www150.statcan.gc.ca/t1/

tbl1/en/tv.action?pid=1310039401&pickMembers%5B0%5D=2.1&pickMembers%5B1%5D=3.1&cubeTimeFrame.
startYear=2019&cubeTimeFrame.endYear=2019&referencePeriods=20190101%2C20190101 [accessed 2021-01-19]

5. Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychological symptoms of dementia. Front Neurol 2012
May 7;3:73 [FREE Full text] [doi: 10.3389/fneur.2012.00073] [Medline: 22586419]

6. Caregiving for family and friends — a public health issue. Centers for Disease Control and Prevention. 2019. URL: https:/
/www.cdc.gov/aging/caregiving/caregiver-brief.html [accessed 2022-08-18]

7. Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C, Brodaty H, et al. Defeating Alzheimer's disease and other dementias:
a priority for European science and society. Lancet Neurol 2016 Apr;15(5):455-532 [FREE Full text] [doi:
10.1016/S1474-4422(16)00062-4] [Medline: 26987701]

8. Schulz R, Martire LM. Family caregiving of persons with dementia: prevalence, health effects, and support strategies. Am
J Geriatr Psychiatry 2004 May;12(3):240-249 [doi: 10.1097/00019442-200405000-00002]

9. Being a caregiver. Johns Hopkins Medicine. 2022. URL: https://www.hopkinsmedicine.org/health/caregiving/
being-a-caregiver [accessed 2022-10-21]

10. Lord K, Livingston G, Robertson S, Cooper C. How people with dementia and their families decide about moving to a care
home and support their needs: development of a decision aid, a qualitative study. BMC Geriatr 2016 Mar 21;16(1):68
[FREE Full text] [doi: 10.1186/s12877-016-0242-1] [Medline: 27001704]

11. Dementia care: keeping loved ones safe and happy at home. Johns Hopkins Medicine. 2022. URL: https://www.
hopkinsmedicine.org/health/wellness-and-prevention/safe-and-happy-at-home#:~:text=Dementia%20care%20involves%
20two%20people,unmet%20dementia%2Drelated%20care%20needs [accessed 2022-10-19]

12. Living safely and independently. Alzheimer Society of Canada. 2022. URL: https://alzheimer.ca/en/help-support/
im-living-dementia/living-well-dementia/living-safely-independently [accessed 2022-10-19]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 14https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app5.docx&filename=f2a6b6b3816022ac1a01fab631e376f9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app5.docx&filename=f2a6b6b3816022ac1a01fab631e376f9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app6.png&filename=d84d15da9b52058bebc147e18787b305.png
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app6.png&filename=d84d15da9b52058bebc147e18787b305.png
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app7.docx&filename=6798e5a6d9290d5bd0f4c30ff8809428.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app7.docx&filename=6798e5a6d9290d5bd0f4c30ff8809428.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app8.docx&filename=9b366cc41a81a062702e82a18085aa18.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app8.docx&filename=9b366cc41a81a062702e82a18085aa18.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app9.docx&filename=9e9f419e2ec593c2c33433fdeea4b059.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app9.docx&filename=9e9f419e2ec593c2c33433fdeea4b059.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app10.docx&filename=d4f2f0e8ee2e34600027cf608c9a851d.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46188_app10.docx&filename=d4f2f0e8ee2e34600027cf608c9a851d.docx
https://www.who.int/news-room/fact-sheets/detail/dementia#:~:text=Dementia%20is%20a%20syndrome%20in,million%20new%20cases%20every%20year
https://www.who.int/news-room/fact-sheets/detail/dementia#:~:text=Dementia%20is%20a%20syndrome%20in,million%20new%20cases%20every%20year
https://alzheimer.ca/en/document/1270
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401&pickMembers%5B0%5D=2.1&pickMembers%5B1%5D=3.1&cubeTimeFrame.startYear=2019&cubeTimeFrame.endYear=2019&referencePeriods=20190101%2C20190101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401&pickMembers%5B0%5D=2.1&pickMembers%5B1%5D=3.1&cubeTimeFrame.startYear=2019&cubeTimeFrame.endYear=2019&referencePeriods=20190101%2C20190101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401&pickMembers%5B0%5D=2.1&pickMembers%5B1%5D=3.1&cubeTimeFrame.startYear=2019&cubeTimeFrame.endYear=2019&referencePeriods=20190101%2C20190101
https://europepmc.org/abstract/MED/22586419
http://dx.doi.org/10.3389/fneur.2012.00073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22586419&dopt=Abstract
https://www.cdc.gov/aging/caregiving/caregiver-brief.html
https://www.cdc.gov/aging/caregiving/caregiver-brief.html
https://core.ac.uk/reader/195317462?utm_source=linkout
http://dx.doi.org/10.1016/S1474-4422(16)00062-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26987701&dopt=Abstract
http://dx.doi.org/10.1097/00019442-200405000-00002
https://www.hopkinsmedicine.org/health/caregiving/being-a-caregiver
https://www.hopkinsmedicine.org/health/caregiving/being-a-caregiver
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0242-1
http://dx.doi.org/10.1186/s12877-016-0242-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27001704&dopt=Abstract
https://www.hopkinsmedicine.org/health/wellness-and-prevention/safe-and-happy-at-home#:~:text=Dementia%20care%20involves%20two%20people,unmet%20dementia%2Drelated%20care%20needs
https://www.hopkinsmedicine.org/health/wellness-and-prevention/safe-and-happy-at-home#:~:text=Dementia%20care%20involves%20two%20people,unmet%20dementia%2Drelated%20care%20needs
https://www.hopkinsmedicine.org/health/wellness-and-prevention/safe-and-happy-at-home#:~:text=Dementia%20care%20involves%20two%20people,unmet%20dementia%2Drelated%20care%20needs
https://alzheimer.ca/en/help-support/im-living-dementia/living-well-dementia/living-safely-independently
https://alzheimer.ca/en/help-support/im-living-dementia/living-well-dementia/living-safely-independently
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Prince M, Knapp M, Guerchet M, McCrone P, Prina M, Comas-Herrera M, et al. Dementia UK: update. Alzheimer's Society.
2014. URL: https://kclpure.kcl.ac.uk/ws/portalfiles/portal/35828472/P326_AS_Dementia_Report_WEB2.pdf [accessed
2022-10-19]

14. Dawson A, Bowes A, Kelly F, Velzke K, Ward R. Evidence of what works to support and sustain care at home for people
with dementia: a literature review with a systematic approach. BMC Geriatr 2015 May 13;15(1):59 [FREE Full text] [doi:
10.1186/s12877-015-0053-9] [Medline: 25967742]

15. Dementia in home and community care. Canadian Institute for Health Information. 2022. URL: https://www.cihi.ca/en/
dementia-in-canada/dementia-care-across-the-health-system/dementia-in-home-and-community-care [accessed 2022-10-20]

16. Diffusion of smart devices for health in Canada – final report. Canada Health Infoway. 2017 Sep 18. URL: https://www.
infoway-inforoute.ca/en/component/edocman/resources/reports/benefits-evaluation/3366-the-diffusion-of-smart-devices-
for-health-in-canada-study-final-report [accessed 2022-10-19]

17. Mobile fact sheet. Pew Research Center. 2019. URL: https://www.pewresearch.org/internet/fact-sheet/mobile/ [accessed
2021-01-18]

18. Armstrong N, Nugent CD, Moore G, Finlay DD. Developing smartphone applications for people with Alzheimer's disease.
In: Proceedings of the 10th IEEE International Conference on Information Technology and Applications in Biomedicine.
2010 Presented at: 10th IEEE International Conference on Information Technology and Applications in Biomedicine;
November 3-5, 2010; Corfu, Greece [doi: 10.1109/itab.2010.5687795]

19. Klimova B, Bouckova Z, Toman J. Mobile phone apps as support tools for people with dementia. In: Proceeding of the
International Conference on Future Information Technology: Advanced Multimedia and Ubiquitous Engineering. 2018
Presented at: FutureTech '18; April 23-25, 2018; Salerno, Italy [doi: 10.1007/978-981-13-1328-8_2]

20. Bier N, Brambati S, Macoir J, Paquette G, Schmitz X, Belleville S, et al. Relying on procedural memory to enhance
independence in daily living activities: smartphone use in a case of semantic dementia. Neuropsychol Rehabil 2015 Jan
03;25(6):913-935 [doi: 10.1080/09602011.2014.997745] [Medline: 25558769]

21. Jönsson KE, Ornstein K, Christensen J, Eriksson J. A reminder system for independence in dementia care: a case study in
an assisted living facility. In: Proceedings of the 12th ACM International Conference on PErvasive Technologies Related
to Assistive Environments. 2019 Presented at: PETRA '19; June 5-7, 2019; Rhodes, Greece [doi: 10.1145/3316782.3321530]

22. Chauvet R, Rasche P, Berti Z, Wille M, Barton L, Schäfer K, et al. Satisfying product features of a dementia care support
smartphone app and potential users’willingness to pay: web-based survey among older adults. In: Proceedings of the AHFE
2019 International Conference on Human Factors and Ergonomics in Healthcare and Medical Devices. 2019 Presented at:
AHFE 2019; July 24-28, 2019; Washington, DC [doi: 10.1007/978-3-030-20451-8_8]

23. Lanza C, Knörzer O, Weber M, Riepe MW. Autonomous spatial orientation in patients with mild to moderate Alzheimer's
disease by using mobile assistive devices: a pilot study. J Alzheimer's Dis 2014 Sep 16;42(3):879-884 [doi:
10.3233/jad-140063]

24. Leng FY, Yeo D, George S, Barr C. Comparison of iPad applications with traditional activities using person-centred care
approach: impact on well-being for persons with dementia. Dementia (London) 2014 Mar 01;13(2):265-273 [doi:
10.1177/1471301213494514] [Medline: 24339097]

25. Joddrell P, Cudd P. Applying guidelines for evaluating digital technologies for people living with dementia: a case study.
Stud Health Technol Inform 2015;217:204-211 [Medline: 26294474]

26. Knapp M, Barlow J, Comas-Herrera A. The case for investment in technology to manage the global costs of dementia.
Policy Innovation Research Unit. 2015. URL: https://socialwelfare.bl.uk/artifacts/4161342/the-case-for-investment-
in-technology-to-manage-the-global-costs-of-dementia/4970372/ [accessed 2022-09-19]

27. Brown EL, Ruggiano N, Li J, Clarke PJ, Kay ES, Hristidis V. Smartphone-based health technologies for dementia care:
opportunities, challenges, and current practices. J Appl Gerontol 2019 Jan 04;38(1):73-91 [doi: 10.1177/0733464817723088]
[Medline: 28774215]

28. Mo GY, Biss RK, Poole L, Stern B, Waite K, Murphy KJ. Technology use among family caregivers of people with dementia.
Can J Aging 2020 Jun 09;40(2):331-343 [doi: 10.1017/s0714980820000094]

29. Koo BM, Vizer LM. Examining mobile technologies to support older adults with dementia through the lens of personhood
and human needs: scoping review. JMIR Mhealth Uhealth 2019 Nov 11;7(11):e15122 [FREE Full text] [doi: 10.2196/15122]
[Medline: 31710305]

30. Halperin R, Dror Y. Information privacy and the digital generation gap: an exploratory study. J Inf Priv Secur 2016 Nov
14;12(4):166-180 [doi: 10.1080/15536548.2016.1243852]

31. Kezer M, Sevi B, Cemalcilar Z, Baruh L. Age differences in privacy attitudes, literacy and privacy management on Facebook.
Cyberpsychology 2016 May 01;10(1) [doi: 10.5817/CP2016-1-2]

32. Lüders M, Brandtzæg PB. ‘My children tell me it’s so simple’: a mixed-methods approach to understand older non-users’
perceptions of Social Networking Sites. New Media Soc 2016 Jul 09;19(2):181-198 [doi: 10.1177/1461444814554064]

33. Thabtah F, Peebles D, Retzler J, Hathurusingha C. Dementia medical screening using mobile applications: a systematic
review with a new mapping model. J Biomed Inform 2020 Nov;111:103573 [FREE Full text] [doi: 10.1016/j.jbi.2020.103573]
[Medline: 32961306]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 15https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://kclpure.kcl.ac.uk/ws/portalfiles/portal/35828472/P326_AS_Dementia_Report_WEB2.pdf
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-015-0053-9
http://dx.doi.org/10.1186/s12877-015-0053-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25967742&dopt=Abstract
https://www.cihi.ca/en/dementia-in-canada/dementia-care-across-the-health-system/dementia-in-home-and-community-care
https://www.cihi.ca/en/dementia-in-canada/dementia-care-across-the-health-system/dementia-in-home-and-community-care
https://www.infoway-inforoute.ca/en/component/edocman/resources/reports/benefits-evaluation/3366-the-diffusion-of-smart-devices-for-health-in-canada-study-final-report
https://www.infoway-inforoute.ca/en/component/edocman/resources/reports/benefits-evaluation/3366-the-diffusion-of-smart-devices-for-health-in-canada-study-final-report
https://www.infoway-inforoute.ca/en/component/edocman/resources/reports/benefits-evaluation/3366-the-diffusion-of-smart-devices-for-health-in-canada-study-final-report
https://www.pewresearch.org/internet/fact-sheet/mobile/
http://dx.doi.org/10.1109/itab.2010.5687795
http://dx.doi.org/10.1007/978-981-13-1328-8_2
http://dx.doi.org/10.1080/09602011.2014.997745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25558769&dopt=Abstract
http://dx.doi.org/10.1145/3316782.3321530
http://dx.doi.org/10.1007/978-3-030-20451-8_8
http://dx.doi.org/10.3233/jad-140063
http://dx.doi.org/10.1177/1471301213494514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24339097&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26294474&dopt=Abstract
https://socialwelfare.bl.uk/artifacts/4161342/the-case-for-investment-in-technology-to-manage-the-global-costs-of-dementia/4970372/
https://socialwelfare.bl.uk/artifacts/4161342/the-case-for-investment-in-technology-to-manage-the-global-costs-of-dementia/4970372/
http://dx.doi.org/10.1177/0733464817723088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28774215&dopt=Abstract
http://dx.doi.org/10.1017/s0714980820000094
https://mhealth.jmir.org/2019/11/e15122/
http://dx.doi.org/10.2196/15122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31710305&dopt=Abstract
http://dx.doi.org/10.1080/15536548.2016.1243852
http://dx.doi.org/10.5817/CP2016-1-2
http://dx.doi.org/10.1177/1461444814554064
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(20)30202-1
http://dx.doi.org/10.1016/j.jbi.2020.103573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32961306&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Joddrell P, Astell AJ. Studies involving people with dementia and touchscreen technology: a literature review. JMIR Rehabil
Assist Technol 2016 Nov 04;3(2):e10 [FREE Full text] [doi: 10.2196/rehab.5788] [Medline: 28582254]

35. Shin Y, Kim SK, Kim Y, Go Y. Effects of app-based mobile interventions for dementia family caregivers: a systematic
review and meta-analysis. Dement Geriatr Cogn Disord 2022 May 24;51(3):203-213 [doi: 10.1159/000524780] [Medline:
35609526]

36. Guo Y, Yang F, Hu F, Li W, Ruggiano N, Lee HY. Existing mobile phone apps for self-care management of people with
Alzheimer disease and related dementias: systematic analysis. JMIR Aging 2020 Jan 24;3(1):e15290 [FREE Full text] [doi:
10.2196/15290] [Medline: 32012045]

37. Ye B, How TV, Chu CH, Mihailidis A. Dementia care apps for people with dementia and informal caregivers: a systematic
review protocol. Gerontology 2021 Mar 26;67(5):633-638 [FREE Full text] [doi: 10.1159/000514838] [Medline: 33774646]

38. EndNote downloads. Clarivate Analytics. 2013. URL: https://endnote.com/downloads [accessed 2021-01-18]
39. Covidence - Better systematic review management. Covidence. 2022. URL: https://www.covidence.org/ [accessed

2021-01-19]
40. Hong QN, Pluye P, Fabregues S, Bartlett G, Boardman F, Cargo M, et al. Mixed Methods Appraisal Tool (MMAT) version

2018 user guide. McGill University. 2018. URL: http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/
127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf [accessed 2022-10-19]

41. Critical Appraisal tools. Centre for Evidence-Based Medicine. 2022. URL: https://www.cebm.ox.ac.uk/resources/ebm-tools/
critical-appraisal-tools [accessed 2022-06-13]

42. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101 [doi:
10.1191/1478088706qp063oa]

43. NVivo March 2020 (Release 1.0). QSR International. 2020. URL: https://help-nv.qsrinternational.com/20/win/Content/
about-nvivo/whats-new.htm [accessed 2022-10-18]

44. Page M, McKenzie J, Bossuyt P, Boutron I, Hoffmann T, Mulrow C, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

45. Ryan AA, McCauley CO, Laird EA, Gibson A, Mulvenna MD, Bond R, et al. 'There is still so much inside': the impact of
personalised reminiscence, facilitated by a tablet device, on people living with mild to moderate dementia and their family
carers. Dementia (London) 2020 May 07;19(4):1131-1150 [doi: 10.1177/1471301218795242] [Medline: 30193535]

46. Ruggiano N, Brown EL, Shaw S, Geldmacher D, Clarke P, Hristidis V, et al. The potential of information technology to
navigate caregiving systems: perspectives from dementia caregivers. J Gerontol Soc Work 2019 Nov 13;62(4):432-450
[doi: 10.1080/01634372.2018.1546786] [Medline: 30422754]

47. Rai HK, Griffiths R, Yates L, Schneider J, Orrell M. Field-testing an iCST touch-screen application with people with
dementia and carers: a mixed method study. Aging Ment Health 2021 Jun 24;25(6):1008-1018 [doi:
10.1080/13607863.2020.1783515] [Medline: 32578445]

48. Øksnebjerg L, Woods B, Ruth K, Lauridsen A, Kristiansen S, Holst HD, et al. A tablet app supporting self-management
for people with dementia: explorative study of adoption and use patterns. JMIR Mhealth Uhealth 2020 Jan 17;8(1):e14694
[FREE Full text] [doi: 10.2196/14694] [Medline: 31951217]

49. McCauley CO, Bond RB, Ryan A, Mulvenna MD, Laird L, Gibson A, et al. Evaluating user engagement with a reminiscence
app using cross-comparative analysis of user event logs and qualitative data. Cyberpsychol Behav Soc Netw 2019
Aug;22(8):543-551 [doi: 10.1089/cyber.2019.0076] [Medline: 31403855]

50. Boyd K, Bond R, Ryan A, Goode D, Mulvenna M. Digital reminiscence app co-created by people living with dementia
and carers: usability and eye gaze analysis. Health Expect 2021 Aug;24(4):1207-1219 [FREE Full text] [doi:
10.1111/hex.13251] [Medline: 34128574]

51. Savita KS, Marrima JJ, Muniandy M, Abidin AI, Taib SM. Help Me! MyDem application for early stage dementia patients.
In: Proceedings of the IEEE Conference on e-Learning, e-Management and e-Services (IC3e). 2018 Presented at: IEEE
Conference on e-Learning, e-Management and e-Services (IC3e); November 21-22, 2018; Langkawi, Malaysia [doi:
10.1109/ic3e.2018.8632632]

52. Hashim-de Vries AH, Ismail M, Mohamed A, Subramaniam P. Weaving the non-pharmacological Alzheimer’s disease
therapy into mobile personalized digital memory book application. In: Proceedings of the 6th World Conference on
Information Systems and Technologies. 2018 Presented at: WorldCist’18; March 27-29, 2018; Naples, Italy [doi:
10.1007/978-3-319-77712-2_49]

53. Mohd Hassan NA, Baharum A, Abdullah Sani ZH, Chau K, Mat Noor NA. Reducing cognitive impairment among dementia
users through mobile application. Pertanika J Sci Technol 2021 Apr 30;29(2) [doi: 10.47836/pjst.29.2.09]

54. Groenewoud H, de Lange J, Schikhof Y, Astell A, Joddrell P, Goumans M. People with dementia playing casual games
on a tablet. Gerontechnology 2017 Apr 28;16(1):37-47 [doi: 10.4017/gt.2017.16.1.004.00]

55. Hettinga M, De Boer J, Goldberg E, Moelaert F. Navigation for people with mild dementia. Stud Health Technol Inform
2009;150:428-432 [Medline: 19745347]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 16https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://rehab.jmir.org/2016/2/e10/
http://dx.doi.org/10.2196/rehab.5788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28582254&dopt=Abstract
http://dx.doi.org/10.1159/000524780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35609526&dopt=Abstract
https://aging.jmir.org/2020/1/e15290/
http://dx.doi.org/10.2196/15290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012045&dopt=Abstract
https://doi.org/10.1159/000514838
http://dx.doi.org/10.1159/000514838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33774646&dopt=Abstract
https://endnote.com/downloads
https://www.covidence.org/
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
https://www.cebm.ox.ac.uk/resources/ebm-tools/critical-appraisal-tools
https://www.cebm.ox.ac.uk/resources/ebm-tools/critical-appraisal-tools
http://dx.doi.org/10.1191/1478088706qp063oa
https://help-nv.qsrinternational.com/20/win/Content/about-nvivo/whats-new.htm
https://help-nv.qsrinternational.com/20/win/Content/about-nvivo/whats-new.htm
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1177/1471301218795242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30193535&dopt=Abstract
http://dx.doi.org/10.1080/01634372.2018.1546786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30422754&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2020.1783515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32578445&dopt=Abstract
https://mhealth.jmir.org/2020/1/e14694/
http://dx.doi.org/10.2196/14694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31951217&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2019.0076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31403855&dopt=Abstract
https://europepmc.org/abstract/MED/34128574
http://dx.doi.org/10.1111/hex.13251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34128574&dopt=Abstract
http://dx.doi.org/10.1109/ic3e.2018.8632632
http://dx.doi.org/10.1007/978-3-319-77712-2_49
http://dx.doi.org/10.47836/pjst.29.2.09
http://dx.doi.org/10.4017/gt.2017.16.1.004.00
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19745347&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


56. Øksnebjerg L, Woods B, Vilsen CR, Ruth K, Gustafsson M, Ringkøbing SP, et al. Self-management and cognitive
rehabilitation in early stage dementia - merging methods to promote coping and adoption of assistive technology. A pilot
study. Aging Ment Health 2020 Nov 20;24(11):1894-1903 [doi: 10.1080/13607863.2019.1625302] [Medline: 31429315]

57. Quintana M, Anderberg P, Sanmartin Berglund J, Frögren J, Cano N, Cellek S, et al. Feasibility-usability study of a tablet
app adapted specifically for persons with cognitive impairment-SMART4MD (support monitoring and reminder technology
for mild dementia). Int J Environ Res Public Health 2020 Sep 18;17(18):6816 [FREE Full text] [doi: 10.3390/ijerph17186816]
[Medline: 32961993]

58. Lai R, Tensil M, Kurz A, Lautenschlager NT, Diehl-Schmid J. Perceived need and acceptability of an app to support
activities of daily living in people with cognitive impairment and their carers: pilot survey study. JMIR Mhealth Uhealth
2020 Jul 31;8(7):e16928 [FREE Full text] [doi: 10.2196/16928] [Medline: 32735223]

59. Asghar I, Cang S, Yu H. The impact of assistive software application to facilitate people with dementia through participatory
research. Int J Human Comput Stud 2020 Nov;143:102471 [doi: 10.1016/j.ijhcs.2020.102471]

60. Rai HK, Prasetya VG, Sani TP, Theresia I, Tumbelaka P, Turana Y, et al. Exploring the feasibility of an individual cognitive
stimulation therapy application and related technology for use by people with dementia and carers in Indonesia: a
mixed-method study. Dementia (London) 2021 Nov 15;20(8):2820-2837 [doi: 10.1177/14713012211018003] [Medline:
33993771]

61. Critten V, Kucirkova N. 'It brings it all back, all those good times; it makes me go close to tears'. Creating digital personalised
stories with people who have dementia. Dementia (London) 2019 Apr 05;18(3):864-881 [doi: 10.1177/1471301217691162]
[Medline: 28161989]

62. Ekström A, Ferm U, Samuelsson C. Digital communication support and Alzheimer's disease. Dementia (London) 2017
Aug 06;16(6):711-731 [doi: 10.1177/1471301215615456] [Medline: 26643684]

63. El Haj M, Gallouj K, Antoine P. Google calendar enhances prospective memory in Alzheimer’s disease: a case report. J
Alzheimer's Dis 2017 Mar 04;57(1):285-291 [doi: 10.3233/jad-161283]

64. Gibson A, McCauley C, Mulvenna M, Ryan A, Laird L, Curran K, et al. Assessing usability testing for people living with
dementia. In: Proceedings of the 4th Workshop on ICTs for improving Patients Rehabilitation Research Techniques. 2016
Presented at: REHAB '16; October 13-14, 2016; Lisbon, Portugal [doi: 10.1145/3051488.3051492]

65. Imbeault H, Bier N, Pigot H, Gagnon L, Marcotte N, Fulop T, et al. Electronic organiser and Alzheimer's disease: fact or
fiction? Neuropsychol Rehabil 2014 Dec 23;24(1):71-100 [doi: 10.1080/09602011.2013.858641] [Medline: 24359438]

66. Brown EL, Ruggiano N, Page TF, Roberts L, Hristidis V, Whiteman KL, et al. CareHeroes Web and Android™ Apps for
dementia caregivers: a feasibility study. Res Gerontol Nurs 2016 Jul;9(4):193-203 [FREE Full text] [doi:
10.3928/19404921-20160229-02] [Medline: 29977440]

67. Brown J, Kim HN. Validating the usability of an Alzheimer's caregiver mobile app prototype. In: Proceedings of the 2020
IISE Annual Conference. 2020 Presented at: IISE Annual Conference; May 30-June 2, 2020; New Orleans, LA [doi:
10.32388/4d2i0j]

68. Chaudhry BM, Smith J. RefineMind: a mobile app for people with dementia and their caregivers. In: Proceedings of the
16th International Conference on Design Science Research in Information Systems and Technology, DESRIST 2021. 2021
Presented at: 16th International Conference on Design Science Research in Information Systems and Technology, DESRIST
2021; August 4-6, 2021; Kristiansand, Norway URL: https://link.springer.com/chapter/10.1007/978-3-030-82405-1_2 [doi:
10.1007/978-3-030-82405-1_2]

69. Evans N, Boyd H, Harris N, Noonan K, Ingram T, Jarvis A, et al. The experience of using prompting technology from the
perspective of people with Dementia and their primary carers. Aging Ment Health 2021 Aug 30;25(8):1433-1441 [doi:
10.1080/13607863.2020.1745145] [Medline: 32223428]

70. McCarron HR, Zmora R, Gaugler JE. A web-based mobile app with a smartwatch to support social engagement in persons
with memory loss: pilot randomized controlled trial. JMIR Aging 2019 Jun 18;2(1):e13378 [FREE Full text] [doi:
10.2196/13378] [Medline: 31518270]

71. Reyes AK, Camargo JE, Díaz GM. Design of a mobile application to support non-pharmacological therapies for people
with alzheimer disease. In: Proceedings of the Revised Selected Papers of the International Conference on Smart Health -
Volume 9545. 2015 Presented at: ICSH 2015; November 17-18, 2015; Phoenix, AZ [doi: 10.1007/978-3-319-29175-8_30]

72. Wu P, Hu HJ, Wang W, Fan K, Huang C. Research on cognitive training of digital application system introducing
reminiscence therapy for the experience of people with dementia. In: Proceedings of the Late Breaking Papers: Universal
Access and Inclusive Design: 22nd HCI International Conference, HCII 2020. 2020 Presented at: HCI International 2020;
July 19, 2020; Copenhagen, Denmark [doi: 10.1007/978-3-030-60149-2_58]

73. Yamagata C, Coppola JF, Kowtko M, Joyce S. Mobile app development and usability research to help dementia and
Alzheimer patients. In: Proceedings of the IEEE Long Island Systems, Applications and Technology Conference (LISAT).
2013 Presented at: IEEE Long Island Systems, Applications and Technology Conference (LISAT); May 3, 2013; Farmingdale,
NY [doi: 10.1109/lisat.2013.6578252]

74. Welsh D, Morrissey K, Foley S, McNaney R, Salis C, McCarthy J, et al. Ticket to talk: supporting conversation between
young people and people with dementia through digital media. In: Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems. 2018 Presented at: CHI '18; April 21-26, 2018; Montreal, QC [doi: 10.1145/3173574.3173949]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 17https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1080/13607863.2019.1625302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31429315&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17186816
http://dx.doi.org/10.3390/ijerph17186816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32961993&dopt=Abstract
https://mhealth.jmir.org/2020/7/e16928/
http://dx.doi.org/10.2196/16928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32735223&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2020.102471
http://dx.doi.org/10.1177/14713012211018003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33993771&dopt=Abstract
http://dx.doi.org/10.1177/1471301217691162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28161989&dopt=Abstract
http://dx.doi.org/10.1177/1471301215615456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26643684&dopt=Abstract
http://dx.doi.org/10.3233/jad-161283
http://dx.doi.org/10.1145/3051488.3051492
http://dx.doi.org/10.1080/09602011.2013.858641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24359438&dopt=Abstract
https://europepmc.org/abstract/MED/29977440
http://dx.doi.org/10.3928/19404921-20160229-02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29977440&dopt=Abstract
http://dx.doi.org/10.32388/4d2i0j
https://link.springer.com/chapter/10.1007/978-3-030-82405-1_2
http://dx.doi.org/10.1007/978-3-030-82405-1_2
http://dx.doi.org/10.1080/13607863.2020.1745145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32223428&dopt=Abstract
https://aging.jmir.org/2019/1/e13378/
http://dx.doi.org/10.2196/13378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518270&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-29175-8_30
http://dx.doi.org/10.1007/978-3-030-60149-2_58
http://dx.doi.org/10.1109/lisat.2013.6578252
http://dx.doi.org/10.1145/3173574.3173949
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. Rettinger L, Zeuner L, Werner K, Ritschl V, Mosor E, Stamm T, et al. A mixed-methods evaluation of a supporting app
for informal caregivers of people with dementia. In: Proceedings of the 13th ACM International Conference on PErvasive
Technologies Related to Assistive Environments. 2020 Presented at: PETRA '20; June 30-July 3, 2020; Corfu, Greece [doi:
10.1145/3389189.3397981]

76. Kelleher J, Zola S, Cui X, Chen S, Gerber C, Parker MW, et al. Personalized visual mapping assistive technology to improve
functional ability in persons with dementia: feasibility cohort study. JMIR Aging 2021 Oct 19;4(4):e28165 [FREE Full
text] [doi: 10.2196/28165] [Medline: 34269690]

77. Yu F, Mathiason MA, Johnson K, Gaugler JE, Klassen D. Memory matters in dementia: efficacy of a mobile reminiscing
therapy app. Alzheimers Dement (N Y) 2019 Jan;5(1):644-651 [FREE Full text] [doi: 10.1016/j.trci.2019.09.002] [Medline:
31720365]

78. Favilla S, Pedell S. Touch screen ensemble music: collaborative interaction for older people with dementia. In: Proceedings
of the 25th Australian Computer-Human Interaction Conference: Augmentation, Application, Innovation, Collaboration.
2013 Presented at: OzCHI '13; Adelaide, Australia; November 25-29, 2013 [doi: 10.1145/2541016.2541088]

79. Aljehani SS, Alhazmi RA, Aloufi SS, Aljehani BD, Abdulrahman R. ICare: applying IoT technology for monitoring
Alzheimer's patients. In: Proceedings of the 1st International Conference on Computer Applications & Information Security
(ICCAIS). 2018 Presented at: 1st International Conference on Computer Applications & Information Security (ICCAIS);
April 04-06, 2018; Riyadh, Saudi Arabia [doi: 10.1109/cais.2018.8442010]

80. Hughes JC, Evans J, Goodman G, Oliver A, Banerjee T, Hughes JG, et al. A usability analysis on the development of
caregiver assessment using serious gaming technology (CAST) version 2.0: a research update. J Technol Human Serv 2020
Dec 23;39(1):68-91 [doi: 10.1080/15228835.2020.1861576]

81. Pirani EZ, Bulakiwala F, Kagalwala M, Kalolwala M, Raina S. Android based assistive toolkit For Alzheimer. Procedia
Comput Sci 2016;79:143-151 [doi: 10.1016/j.procs.2016.03.019]

82. Schultz T, Putze F, Steinert L, Mikut R, Depner A, Kruse A, et al. I-CARE-an interaction system for the individual activation
of people with dementia. Geriatrics (Basel) 2021 May 13;6(2):51 [FREE Full text] [doi: 10.3390/geriatrics6020051]
[Medline: 34068284]

83. Manera V, Petit P, Derreumaux A, Orvieto I, Romagnoli M, Lyttle G, et al. 'Kitchen and cooking,' a serious game for mild
cognitive impairment and Alzheimer's disease: a pilot study. Front Aging Neurosci 2015 Mar 17;7:24 [FREE Full text]
[doi: 10.3389/fnagi.2015.00024] [Medline: 25852542]

84. Siddiq K, Bawany N, Qamar T, Naveed A, Arif B, Usman M, et al. CareD: non-pharmacological assistance for dementia
patients. EAI Endorsed Trans Pervasive Health Technol 2018 Oct 30;4(16):160073 [doi: 10.4108/eai.13-7-2018.160073]

85. Morrissey K, Garbett A, Wright P, Olivier P, Jenkins EI, Brittain K. Care and connect: exploring dementia-friendliness
through an online community commissioning platform. In: Proceedings of the 2017 CHI Conference on Human Factors in
Computing Systems. 2017 Presented at: CHI '17; May 6-11, 2017; Denver, CO [doi: 10.1145/3025453.3025732]

86. Hackett K, Lehman S, Divers R, Ambrogi M, Gomes L, Tan CC, et al. Remind Me To Remember: a pilot study of a novel
smartphone reminder application for older adults with dementia and mild cognitive impairment. Neuropsychol Rehabil
2022 Jan 20;32(1):22-50 [FREE Full text] [doi: 10.1080/09602011.2020.1794909] [Medline: 32684106]

87. Tyack C, Camic PM, Heron MJ, Hulbert S. Viewing art on a tablet computer: a well-being intervention for people with
dementia and their caregivers. J Appl Gerontol 2017 Jul 16;36(7):864-894 [doi: 10.1177/0733464815617287] [Medline:
26675353]

88. Boyd A, Synnott J, Nugent C, Elliott D, Kelly J. Community-based trials of mobile solutions for the detection and
management of cognitive decline. Healthc Technol Lett 2017 Jun 05;4(3):93-96 [FREE Full text] [doi: 10.1049/htl.2016.0102]
[Medline: 28706726]

89. Our Story 2. Apple Store. 2022. URL: https://apps.apple.com/us/app/our-story-2/id1474216884 [accessed 2022-07-04]
90. Reading and child development: the Our Story app: introduction. The Open University. 2022. URL: https://www.open.edu/

openlearn/education/educational-technology-and-practice/educational-practice/reading-and-child-development-the-our-
story-app-introduction [accessed 2022-02-03]

91. Personal information. British Columbia. 2021. URL: https://www2.gov.bc.ca/gov/content/governments/services-for-
government/information-management-technology/privacy/personal-information [accessed 2022-01-11]

92. Amazon S3. Amazon Web Services. 2022. URL: https://aws.amazon.com/s3/ [accessed 2022-01-18]
93. Privacy, how we use your data. TomTom. 2022. URL: https://www.tomtom.com/en_ca/privacy/general/#moreinformation

[accessed 2022-02-03]
94. Privacy at the OU. The Open University. 2022. URL: https://www.open.ac.uk/about/main/strategy-and-policies/

policies-and-statements/website-privacy-ou [accessed 2022-02-03]
95. Privacy notice-Memory Matters. Termly. 2019. URL: https://app.termly.io/document/privacy-policy/534b81f5-ed95-4c79-

9b5f-2560b4079116 [accessed 2022-02-03]
96. InspireD Privacy Policy. InspireD. 2022. URL: https://www.theinspiredapp.com/privacy [accessed 2022-02-03]
97. Google Privacy Policy. Google Privacy and Terms. 2022. URL: https://policies.google.com/privacy [accessed 2022-02-03]
98. Terms of service. Care Heroes. 2022. URL: https://joincareheroes.com/terms-of-service/ [accessed 2022-02-03]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 18https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1145/3389189.3397981
https://aging.jmir.org/2021/4/e28165/
https://aging.jmir.org/2021/4/e28165/
http://dx.doi.org/10.2196/28165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34269690&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8737(19)30062-9
http://dx.doi.org/10.1016/j.trci.2019.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31720365&dopt=Abstract
http://dx.doi.org/10.1145/2541016.2541088
http://dx.doi.org/10.1109/cais.2018.8442010
http://dx.doi.org/10.1080/15228835.2020.1861576
http://dx.doi.org/10.1016/j.procs.2016.03.019
https://www.mdpi.com/resolver?pii=geriatrics6020051
http://dx.doi.org/10.3390/geriatrics6020051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34068284&dopt=Abstract
https://europepmc.org/abstract/MED/25852542
http://dx.doi.org/10.3389/fnagi.2015.00024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25852542&dopt=Abstract
http://dx.doi.org/10.4108/eai.13-7-2018.160073
http://dx.doi.org/10.1145/3025453.3025732
https://europepmc.org/abstract/MED/32684106
http://dx.doi.org/10.1080/09602011.2020.1794909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32684106&dopt=Abstract
http://dx.doi.org/10.1177/0733464815617287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26675353&dopt=Abstract
https://europepmc.org/abstract/MED/28706726
http://dx.doi.org/10.1049/htl.2016.0102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28706726&dopt=Abstract
https://apps.apple.com/us/app/our-story-2/id1474216884
https://www.open.edu/openlearn/education/educational-technology-and-practice/educational-practice/reading-and-child-development-the-our-story-app-introduction
https://www.open.edu/openlearn/education/educational-technology-and-practice/educational-practice/reading-and-child-development-the-our-story-app-introduction
https://www.open.edu/openlearn/education/educational-technology-and-practice/educational-practice/reading-and-child-development-the-our-story-app-introduction
https://www2.gov.bc.ca/gov/content/governments/services-for-government/information-management-technology/privacy/personal-information
https://www2.gov.bc.ca/gov/content/governments/services-for-government/information-management-technology/privacy/personal-information
https://aws.amazon.com/s3/
https://www.tomtom.com/en_ca/privacy/general/#moreinformation
https://www.open.ac.uk/about/main/strategy-and-policies/policies-and-statements/website-privacy-ou
https://www.open.ac.uk/about/main/strategy-and-policies/policies-and-statements/website-privacy-ou
https://app.termly.io/document/privacy-policy/534b81f5-ed95-4c79-9b5f-2560b4079116
https://app.termly.io/document/privacy-policy/534b81f5-ed95-4c79-9b5f-2560b4079116
https://www.theinspiredapp.com/privacy
https://policies.google.com/privacy
https://joincareheroes.com/terms-of-service/
http://www.w3.org/Style/XSL
http://www.renderx.com/


99. Software Privacy Policy. Attainment Company. 2022. URL: https://www.attainmentcompany.com/software-privacy-policy
[accessed 2022-02-03]

100. Privacy policy. MapHabit. 2019. URL: https://www.maphabit.com/privacy/ [accessed 2022-06-19]
101. Thorpe JR, Rønn-Andersen KV, Bień P, Özkil AG, Forchhammer BH, Maier AM. Pervasive assistive technology for people

with dementia: a UCD case. Healthc Technol Lett 2016 Dec 02;3(4):297-302 [FREE Full text] [doi: 10.1049/htl.2016.0057]
[Medline: 28008366]

102. Harmer BJ, Orrell M. What is meaningful activity for people with dementia living in care homes? A comparison of the
views of older people with dementia, staff and family carers. Aging Ment Health 2008 Sep;12(5):548-558 [doi:
10.1080/13607860802343019] [Medline: 18855170]

103. Phinney A, Chaudhury H, O'Connor DL. Doing as much as I can do: the meaning of activity for people with dementia.
Aging Ment Health 2007 Jul;11(4):384-393 [doi: 10.1080/13607860601086470] [Medline: 17612802]

104. Helpful routines and reminders. Alzheimer Society. 2022. URL: https://alzheimer.ca/en/help-support/im-living-dementia/
managing-changes-your-abilities/helpful-routines-reminders [accessed 2021-09-15]

105. Clare L, Woods RT. Cognitive training and cognitive rehabilitation for people with early-stage Alzheimer's disease: a
review. Neuropsychological Rehab 2004 Sep;14(4):385-401 [doi: 10.1080/09602010443000074]

106. Woods B, Aguirre E, Spector AE, Orrell M. Cognitive stimulation to improve cognitive functioning in people with dementia.
Cochrane Database Syst Rev 2012 Feb 15(2):CD005562 [doi: 10.1002/14651858.CD005562.pub2] [Medline: 22336813]

107. Chapoulie E, Guerchouche R, Petit PD, Chaurasia G, Robert P, Drettakis G. Reminiscence therapy using image-based
rendering in VR. In: Proceedings of the IEEE Virtual Reality (VR). 2014 Presented at: IEEE Virtual Reality (VR); March
29-April 02, 2014; Minneapolis, MN [doi: 10.1109/vr.2014.6802049]

108. Astell AJ, Purves B, Phinney A. ‘Story of my life?’ The contents and functions of reminiscing. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. 2011 Presented at: CHI '11; May 7-12, 2011; Vancouver,
BC [doi: 10.1515/9780822377351-toc]

109. Lethin C, Hanson E, Margioti E, Chiatti C, Gagliardi C, Vaz de Carvalho C, et al. Support needs and expectations of people
living with dementia and their informal carers in everyday life: a European study. Soc Sci 2019 Jun 30;8(7):203 [doi:
10.3390/socsci8070203]

110. Sutcliffe CL, Giebel CM, Jolley D, Challis DJ. Experience of burden in carers of people with dementia on the margins of
long-term care. Int J Geriatr Psychiatry 2016 Feb 11;31(2):101-108 [doi: 10.1002/gps.4295] [Medline: 25963021]

111. Sutcliffe C, Giebel C, Bleijlevens M, Lethin C, Stolt M, Saks K, RightTimePlaceCare Consortium. Caring for a person
with dementia on the margins of long-term care: a perspective on burden from 8 european countries. J Am Med Dir Assoc
2017 Nov 01;18(11):967-73.e1 [doi: 10.1016/j.jamda.2017.06.004] [Medline: 28733181]

112. Gaugler JE, Mendiondo M, Smith CD, Schmitt FA. Secondary dementia caregiving and its consequences. Am J Alzheimers
Dis Other Demen 2003 Sep 04;18(5):300-308 [FREE Full text] [doi: 10.1177/153331750301800505] [Medline: 14569647]

113. Guisado-Fernández E, Giunti G, Mackey LM, Blake C, Caulfield BM. Factors influencing the adoption of smart health
technologies for people with dementia and their informal caregivers: scoping review and design framework. JMIR Aging
2019 Apr 30;2(1):e12192 [FREE Full text] [doi: 10.2196/12192] [Medline: 31518262]

114. Mahoney EL, Mahoney DF. Acceptance of wearable technology by people with Alzheimer's disease: issues and
accommodations. Am J Alzheimers Dis Other Demen 2010 Sep 11;25(6):527-531 [FREE Full text] [doi:
10.1177/1533317510376944] [Medline: 20702501]

115. van der Linden D, Anthonysamy P, Nuseibeh B, Tun TT, Petre M, Levine M, et al. Schrödinger's security: opening the box
on app developers' security rationale. In: Proceedings of the 42nd International Conference on Software Engineering (ICSE).
2020 Presented at: 42nd International Conference on Software Engineering (ICSE); June 24-July 16, 2020; Seoul, South
Korea [doi: 10.1145/3377811.3380394]

116. Balebako R, Marsh A, Lin J, Hong J, Cranor L. The privacy and security behaviors of smartphone app developers. In:
Proceedings of the Workshop on Usable Security (USEC 2014). 2014 Presented at: Workshop on Usable Security (USEC
2014); February 23-26, 2014; San Diego, CA [doi: 10.14722/usec.2014.23006]

117. Hatamian M. Engineering privacy in smartphone apps: a technical guideline catalog for app developers. IEEE Access
2020;8:35429-35445 [doi: 10.1109/access.2020.2974911]

118. Seizing opportunity: good privacy practices for developing mobile apps. Office of the Privacy Commissioner of Canada.
2012 Oct. URL: https://www.priv.gc.ca/en/privacy-topics/technology/mobile-and-digital-devices/mobile-apps/
gd_app_201210/ [accessed 2022-08-16]

119. Chu C, Nyrup R, Leslie K, Shi J, Bianchi A, Lyn A, et al. Digital ageism: challenges and opportunities in artificial intelligence
for older adults. Gerontologist 2022 Aug 12;62(7):947-955 [FREE Full text] [doi: 10.1093/geront/gnab167] [Medline:
35048111]

120. Liao S, Wilson C, Cheng L, Hu H, Deng H. Measuring the effectiveness of privacy policies for voice assistant applications.
In: Proceedings of the Annual Computer Security Applications Conference. 2020 Presented at: ACSAC '20; December
7-11, 2020; Austin, TX [doi: 10.1145/3427228.3427250]

121. Sunyaev A, Dehling T, Taylor P, Mandl K. Availability and quality of mobile health app privacy policies. J Am Med Inform
Assoc 2015 Apr;22(e1):e28-e33 [doi: 10.1136/amiajnl-2013-002605] [Medline: 25147247]

J Med Internet Res 2023 | vol. 25 | e46188 | p. 19https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.attainmentcompany.com/software-privacy-policy
https://www.maphabit.com/privacy/
https://europepmc.org/abstract/MED/28008366
http://dx.doi.org/10.1049/htl.2016.0057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28008366&dopt=Abstract
http://dx.doi.org/10.1080/13607860802343019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18855170&dopt=Abstract
http://dx.doi.org/10.1080/13607860601086470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17612802&dopt=Abstract
https://alzheimer.ca/en/help-support/im-living-dementia/managing-changes-your-abilities/helpful-routines-reminders
https://alzheimer.ca/en/help-support/im-living-dementia/managing-changes-your-abilities/helpful-routines-reminders
http://dx.doi.org/10.1080/09602010443000074
http://dx.doi.org/10.1002/14651858.CD005562.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22336813&dopt=Abstract
http://dx.doi.org/10.1109/vr.2014.6802049
http://dx.doi.org/10.1515/9780822377351-toc
http://dx.doi.org/10.3390/socsci8070203
http://dx.doi.org/10.1002/gps.4295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25963021&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2017.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28733181&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/153331750301800505?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/153331750301800505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14569647&dopt=Abstract
https://aging.jmir.org/2019/1/e12192/
http://dx.doi.org/10.2196/12192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518262&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1533317510376944?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1533317510376944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20702501&dopt=Abstract
http://dx.doi.org/10.1145/3377811.3380394
http://dx.doi.org/10.14722/usec.2014.23006
http://dx.doi.org/10.1109/access.2020.2974911
https://www.priv.gc.ca/en/privacy-topics/technology/mobile-and-digital-devices/mobile-apps/gd_app_201210/
https://www.priv.gc.ca/en/privacy-topics/technology/mobile-and-digital-devices/mobile-apps/gd_app_201210/
https://europepmc.org/abstract/MED/35048111
http://dx.doi.org/10.1093/geront/gnab167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35048111&dopt=Abstract
http://dx.doi.org/10.1145/3427228.3427250
http://dx.doi.org/10.1136/amiajnl-2013-002605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25147247&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


122. Cavoukian A. Online privacy make youth awareness and education a priority. Information and Privacy Commissioner of
Ontario. 2009 Mar. URL: https://www.ipc.on.ca/wp-content/uploads/resources/youthonline.pdf [accessed 2022-01-19]

123. The strategic privacy priorities. Office of the Privacy Commissioner of Canada. 2018. URL: https://www.priv.gc.ca/en/
about-the-opc/opc-strategic-privacy-priorities/the-strategic-privacy-priorities/ [accessed 2021-09-15]

124. Nielsen J. Usability Engineering. Burlington, MA: Morgan Kaufmann Publishers; Nov 11, 1994.
125. Güss CD. What is going through your mind? Thinking aloud as a method in cross-cultural psychology. Front Psychol 2018

Aug 13;9:1292 [FREE Full text] [doi: 10.3389/fpsyg.2018.01292] [Medline: 30150948]
126. Bastien JC. Usability testing: a review of some methodological and technical aspects of the method. Int J Med Inform 2010

Apr;79(4):e18-e23 [doi: 10.1016/j.ijmedinf.2008.12.004] [Medline: 19345139]
127. Ivory MY, Hearst MA. The state of the art in automating usability evaluation of user interfaces. ACM Comput Surv 2001

Dec;33(4):470-516 [doi: 10.1145/503112.503114]

Abbreviations
AD: Alzheimer disease
ADL: activity of daily living
OS: operating system
QOL: quality of life
RCT: randomized controlled trial
SUS: System Usability Scale

Edited by T de Azevedo Cardoso; submitted 01.02.23; peer-reviewed by I Schiering, N Seeman; comments to author 05.07.23; revised
version received 28.07.23; accepted 06.09.23; published 12.10.23

Please cite as:
Ye B, Chu CH, Bayat S, Babineau J, How TV, Mihailidis A
Researched Apps Used in Dementia Care for People Living With Dementia and Their Informal Caregivers: Systematic Review on
App Features, Security, and Usability
J Med Internet Res 2023;25:e46188
URL: https://www.jmir.org/2023/1/e46188
doi: 10.2196/46188
PMID: 37824187

©Bing Ye, Charlene H Chu, Sayeh Bayat, Jessica Babineau, Tuck-Voon How, Alex Mihailidis. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 12.10.2023. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2023 | vol. 25 | e46188 | p. 20https://www.jmir.org/2023/1/e46188
(page number not for citation purposes)

Ye et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.ipc.on.ca/wp-content/uploads/resources/youthonline.pdf
https://www.priv.gc.ca/en/about-the-opc/opc-strategic-privacy-priorities/the-strategic-privacy-priorities/
https://www.priv.gc.ca/en/about-the-opc/opc-strategic-privacy-priorities/the-strategic-privacy-priorities/
https://europepmc.org/abstract/MED/30150948
http://dx.doi.org/10.3389/fpsyg.2018.01292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30150948&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2008.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19345139&dopt=Abstract
http://dx.doi.org/10.1145/503112.503114
https://www.jmir.org/2023/1/e46188
http://dx.doi.org/10.2196/46188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37824187&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

