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Abstract

Dementia is an umbrella term for multiple neurocognitive conditions that affect one’s functional independence making daily activities
challenging. Early screening can be critical for successful management of the disease, thus tools implemented within mobile technology
to speed up accessibility are becoming more common. This research critically analyses dementia and mild cognitive impartment (MCI)
screening tools in terms of their clinical validity & acceptability, efficiency, and performance. We used inclusion and exclusion criteria
to search Android and Apple mobile stores, for dementia and MCI screening applications. The comparison of the prevailing apps
suggests that no app fulfils the considered evaluation criteria. Hence, the development of dementia screening apps that cover cognitive,
memory, and execution domains defined within the neurocognitive disorders for dementia diagnosis of Statistical Manual of Mental
Disorders (DSM-5), may provide clear clinical benefit as these domains are crucial. Apps such as Cognity are promising as they include
new intelligent features by using artificial intelligence to screen individuals.
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1 Introduction

Dementia is the descriptive term used to define difficulties
pertaining to an individual’s memory, emotions, and cognitive
and communication ability in performing normal day-to-day
activities [1]. A number of neurological diseases are
categorised under the umbrella of dementia, including
Alzheimer’s disease (AD), Parkinson’s disease, and
Huntington’s [2]. The number of Americans diagnosed with
dementia was estimated at 5.8 million in 2019, and of those,
5.6 million were aged 65 years or above. It is also reported that
these numbers continue to increase annually with a growth
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rate of 3% among Americans aged 65-74, 17% for people
aged 75-84, and 32% for people aged above 85 [3]. Severe
dementia can lead to profound consequences such as immo-
bility and malnutrition, and eventually death. In 2019 there
were 121,404 deaths from AD or other types of dementia
reported in America [3]. Although the risk of dementia in-
creases with age, it is not a normal part of getting old. To
reduce the impact of the severe consequences associated with
dementia, it is imperative to identify any symptoms as early as
possible, to allow for appropriate monitoring and intervention.
Fortunately, the emerging use of technological advancements
and mobile-based solutions has the potential to simplify this
process for both the patient and clinician.

Today’s healthcare industry embraces technological inno-
vations to provide better personalised healthcare services to
the public. Mobile-based solutions and applications’ technol-
ogy is one such revolutionary and trending innovation that
facilitates enhanced patient care management and efficient
diagnosis. The role of this technology in the healthcare indus-
try is enormous as it improves the communication and inte-
gration of the entire healthcare process; this in turn enhances
the productivity of the healthcare service providers and the
healthcare system [4].

According to statistics from the International
Telecommunication Union (ITU) [5], there were over 7 billion
mobile phone subscriptions globally in 2014, with 70% from
low or middle-income developing countries. Ubiquity of
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mobile phone ownership provides an opportunity for alternative
access to healthcare. A study by Wallace et al. [6] showed that
87% of the physicians in the Manhattan Research Channel used
smartphones or tablets in their work, and of those, 54% used
mobile phones to support their practice and diagnosis. Mobile
apps have become increasingly popular among the profes-
sionals and individuals involved in the healthcare sector, with
a variety of Mhealth applications that have been developed to
improve healthcare facilities for all kinds of patients.

Mobile application technology plays a vital role in screen-
ing, diagnosing, and treating cognitive impairments such as
dementia. Screening that leads to early detection of cognitive
dysfunction is important as it allows the individuals and their
caregivers to access medical care services to design and im-
plement treatment plans. In addition, the value of early detec-
tion using psychological tests allows clinical monitoring of
disease progression [7]. Typically, existing mobile dementia
screening tools provide a quick evaluation of different cogni-
tive and functional aspects. Depending on the scores obtained
from the test, these methods can pinpoint an individual’s de-
mentia traits and possible impairments.

Several research studies have been carried out to evaluate
traditional dementia screening and diagnosis tools, i.e. [8—11];
however, to date few research studies have focused on evalu-
ating mobile application screening tools [12, 13]. This is re-
quired not only to help clinicians and healthcare professionals
to determine the suitable dementia screening tools to support
their medical diagnosis, but may also be of use to potential
patients and caregivers. Therefore, the current review aims to
fill the gap of previous reviews and critical analysis research
related to dementia screening, by identifying MCI & dementia
screening tools available on both Apple and Android plat-
forms. This paper reviews existing mobile apps for dementia,
summarising each based on their ratings, number of down-
loads, feedback, performance (sensitivity and specificity),
and usability (if based on a medically accepted examination).
More specifically, we investigate features including number of
items, the use of audio and video technology, supported lan-
guages, accessibility (presence on both Android and iOS
platforms/target audience/ cost), comprehensiveness (number
of cognitive areas covered), clinical validity, and acceptability
(use of clinically validated medical examination method), ef-
ficiency (time to complete the test), performance (sensitivity,
specificity), user rating, cost, feedback, and number of down-
loads among others. This will help clinicians, patients, and
caregivers identify valid mobile apps that they can use to
screen patients for dementia or MCL

The paper consists of five main sections. Section Two re-
views and evaluates dementia screening tools available in the
mobile application environment. Section Three critically anal-
yses each instrument based on clinical pre-determined criteria
and Section Four concludes the findings and suggests future
study.
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2 Literature review

There are a number of mobile apps available in the Apple and
Google stores to assist individuals who are already diagnosed
with dementia and MCIs. Apple and Android app stores were
searched for apps that met the following inclusion criteria:

1) Tools that only consider screening of dementia, AD and
MCI

2) Tools that are available in English

3) Tools that are based on valid medical tests

All other apps related to MCI, AD and dementia that do not
fulfill one or more of the above inclusion criteria were exclud-
ed from this research. Only 20 screening apps have been
retained using the inclusion criteria. Discussed below are apps
available for screening dementia and MCI that can be utilised
to assist healthcare professionals in their medical diagnosis.

2.1 Cognitive and memory apps
2.1.1 BrainCheck

BrainCheck was launched to screen individuals with cognitive
dysfunction during routine medical examination and is only
available in the Apple store [14]. This partially self-
administered tool consists of various tasks for the patient
[15], involving a Clock Drawing Test (CDT) [16], and seven
questions derived from the 7-item version of the Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE) [17]; it takes ten minutes to complete. The
BrainCheck app doesn’t generate a score, but it allows the
users to share the test results with a healthcare professional
to support the diagnosis. According to Ehrensperger et al.
[14], BrainCheck has a sensitivity of 97.4% and specificity
of 81.6% in identifying cases of dementia and MCIL.

2.1.2 Brain check Inc.

BrainCheck Inc. (BCI) [18] has five different games devel-
oped based on gold-standard neurocognitive tests: the Flanker
Task [19], the Digit Symbol Substitution Task [20], the Stroop
Task [21], the Trail Making Test (TMT) [22], balance and
coordination [23], and the Immediate and Delayed Recall
Tests [24]. Based on the results of each game, the app presents
a graph that indicates the level of cognitive function pertaining
to cognitive processing, executive function, visual attention,
immediate recall, and delayed recall abilities of the user. BCI
is designed to be administered by a clinician and healthcare
professional and registered as a Class II medical device with
the U.S. Food and Drug Administration (FDA); it has a sen-
sitivity of 83% and specificity of 87% [25].
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2.1.3 MMSE

The MMSE app [26] is the mobile digitalized version of the Mini
Mental State Examination (MMSE) test [27]. On completion of
the questionnaire, the app generates a score out of 30 based on
the provided answers. It also allows the user to share and monitor
the test results and set daily reminders to do the test. It has gained
a 3+ rating on Google Play [28]. The Dementia & Alzheimer’s
Memory Diagnosis Test (DAMDT) [29] is another mobile ver-
sion of MMSE. It helps the users to assess their cognitive health
and recommends seeking further medical advice and support if
necessary. The questionnaire mainly tests the memory capacity
and orientation of the individual and then generates a score out of
30. Anyone receiving a score below 25 is recommended to seek
further medical assistance. DAMDT Test app version of the
MMSE gained 3.4/5 rating on Google [Pay with over 5000
downloads and is freely available.

2.1.4 Brain test

BrainTest, [30] was developed based on Self-Administered
Gerocognitve Exam (e-SAGE) [31] for the early detection
AD and other associated MCI [31]. BrainTest is available in
both Apple and Google stores and can be administered by one-
self or a caregiver and takes approximately 10—15 min to com-
plete. According to Scharre et al. [32], BrainTest has a sensitiv-
ity of 71% and specificity of 90%, which is similar to the
clinically used pen and paper-based counterparts such as the
Montreal Cognitive Assessment (MoCA) [33] and MMSE.

2.1.5 Cognitive exams

Cognitive Exams [34] is a dementia screening tool developed
for research purposes using interactive tools such as MMSE,
Clock Test, Geriatric Depression Scale [35], Katz
Examination [36], Walk Test of 6 min [37], and a Fluency
Test [38]. The interactive activities available in this tool assess
cognitive (memory, verbal fluency, depression, etc.), function-
al (bathing, dressing, toileting, transferring, continence, and
feeding), and cardiopulmonary health areas of the suspected
individual. Cognitive Exams is an unconventional tool that
takes approximately 45 min to complete and requires admin-
istration by a specialized professional in a formal clinical set-
ting. The Cognitive Exams app has a 4.4 rating on Google
Play and reported over 10,000 downloads.

2.2 Unstructured dementia screening apps
2.2.1 MOBI-cog
MOBI-COG [39] is an app based on the traditional Mini-COG

dementia medical exam [40] to identify dementia in patients
with cognitive impairments. The pilot version of the MOBI-

COG was launched on the Android platform in 2014 and
consists of a three-minute test that can be administered by
either patient or a caregiver. The app is designed to measure
the user’s ability to recall words, digital positioning, digit
values, and positioning of the hands of a clock using unique
tests (Task 1: Remembering Words; Task 2: Clock drawing
task; Task 3: Recalling words). It generates a score ranging
from 1 to 10 to measure the cognitive function level of the user
and a healthcare professional is required to interpret the results
to make a formal diagnosis. The MOBI-COG app was well-
trained using 1000 sample clock drawings to optimize the
accuracy (99.53%) of its outcome; according to Nirjon et al.
[39], this version of the MOBI-COG gained a rating of 8.5 out
of 10. Neither the pilot version nor the finalized version can be
found in the Google or Apple stores.

2.2.2 The CAIDE dementia risk score app

The CAIDE Dementia Risk Score (CAIDE-DRS) [41] app
is based on Cardiovascular Risk factors, Aging, and
Incidents of Dementia risk score (CAIDE) [42]. It was
developed to assist users determine the risk of developing
MCIS within 20 years, along with providing suggestions
on modified actions, guidance, and recommendations. The
app calculates the user’s risk of developing dementia
using five indices: Personal data (name, age, gender, and
education), Systolic Blood Pressure (BP), Body Mass
Index (weight and height (kg/M?)), Cholesterol Level,
and Physical Activity (high/low) of the user. This app
generates a score out of 15 based on the answers provided
with the cut-off score set at 9. The CAIDE-DRS app ex-
hibited a sensitivity of 77% and specificity of 63% [43].

2.2.3 Dementia risk tool

The design of the Dementia Risk tool (DRT) [44] is quite
similar to the CAIDE-DRS app [42] and uses almost the same
set of indices. The DRT was developed to self-assess the user’s
possibility of developing dementia or AD and is freely avail-
able in both the Apple and Google stores. On completion of
the questionnaire, a score between 0 and 15 is given where 0—
5 indicates a risk of 1%, 67 indicates a risk of 1.9%, 89
indicates a risk of 4.2%, 1011 indicates a risk of 7.4%, and
12—15 indicates a risk of 16.4% of developing dementia or any
other associated MCI. The score presents a series of recom-
mendations and corrective actions that the user can consider to
further reduce risk. This screening tool has a rating 0f4.8/ 5 on
Google Store.

2.2.4 eSLUMS

eSLUMS [45] is based on the digital version of the Saint
Louis University Mental Status (SLUMS) Exam [46].
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eSLUMS is freely available in the Google Appstore and takes
7-10 min to complete. The Professional version of eSLUMS
provides more advanced features including the ability to view
the patient’s entire medical history while managing multiple
patients, then generating the test results as a complete softcopy
report. eSSLUMS is designed to be administered by medical
professionals with automatic scoring that ranges from 0 to 30,
where 27-30 indicates normal cognitive function, 21-26 in-
dicates mild cognitive dysfunction, and a score below 20 in-
dicates severe cognitive impairment. eSLUMS has a sensitiv-
ity and specificity range of 98%—100% respectively [9].

2.2.5 Cognity - Alzheimer’s and dementia test

Cognity is available in both Google and Apple Stores [47].
This app utilizes the efficient Al method with the digitalized
Mental Status Examination (MSE) tool [11] to compute the
potential risk of Visuospatial Memory problems and demen-
tia. This is one of the first screening apps to use Al to detect
cognitive dysfunction through analysis of a clock drawing. It
takes 3—5 min to identify Visuospatial Memory risk and ap-
proximately 10 min to detect dementia traits. It is also one of
the few dementia screening apps that has pre-recorded videos
that explain and interpret the final risk score (%) based on
answers given on 30-items of MSE and photo of a clock
drawing. The app is available to download freely, but the
dementia test can be purchased for US$ 8.99. It is rated 3+
on the Apple Store, and sensitivity and specificity of the MSE
medical examination ranges from 71 to 92% and 52-96%
respectively [11].

2.2.6 Confusion: Delirium & Dementia

Confusion: Delirium & Dementia’s (CDD) [48] aim is to
manage and ensure the safety of confused individuals who
are suffering various complications associated with cogni-
tive impairments. The CDD app is available on the
Android platform for medical professionals and re-
searchers. It is the only UK-NHS clinically accepted mo-
bile app that assists general practitioners to distinguish
between delirium and dementia in suspected individuals
[13]. Tt uses the Confusion Assessment Method (CAM)
[49], Six Item Screener [50], Abbreviated Mental Test
(AMT) [51], MoCA, and MMSE to identify delirium
and dementia. At the end of each assessment, CDD pre-
sents a score, from which the practitioner can determine
delirium, dementia, and other cognitive impairments. Tips
for prevention, information on suitable medication, and
recommendations for treating individuals who are diag-
nosed with dementia or any other type of cognitive disor-
der can then be provided.
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2.2.7 Dementia screener

DementiaScreener [52] was developed mainly for experimen-
tal purposes and can be administered either by a caregiver or
the individual. DementiaScreener provides two screening as-
sessments to estimate the risk of dementia. The first one is
Symptoms of Dementia Screener (SDS) [53] which evaluate
the dementia symptomology based on communication and
behavioural characteristics such as repetition of questions,
forgetfulness, need for reminders, mood swings, difficulties
in calculation and problem solving, concerns in driving, etc.
Based on the given answers, the tool presents a score which if
<4 indicates lower likelihood, and a score > 4 indicates higher
likelihood of developing a cognitive impairment. The other
type of screening mechanism provided by the app is the
ADS8 Dementia Screening Interview [54] where the behav-
ioural changes are identified through a questionnaire an-
swered by the caregiver (if available, otherwise the patient)
to evaluate the final score, and thus determine the presence of
cognitive impairment. A score of 0—1 reflects Normal
Cognition whereas a score of 2 or greater suggest cognitive
impairment is likely.

2.2.8 ACE mobile

The ACE mobile [55] is based on the ACE-III [56]. The ACE
mobile is freely available on iTunes (only supports iPads). It is
recommended that this tool be administered by a healthcare
professional in a proper clinical setting. ACE mobile employs
24-items to evaluate five cognitive functional areas of the
user: attention (18 points), memory (26 points), fluency (14
points), language (26 points), and visuospatial functioning (16
points), and then generates a total score out of 100 [10]. The
tool has exhibited a high level of sensitivity (93%—100%) and
specificity (96%—100%) when the cut-off score was set at 82—
88 [8]. This screening app has gained a 4+ rating on iTunes.

2.2.9 Alzheimer’s disease pocket card

The Alzheimer ‘s Disease Pocket Card (ALZ) [12] is a tool
that provides educational materials, information on detection,
and guidance on pharmacotherapy and non-pharmacologic
strategies that help to manage AD. This app, is freely available
on Apple iTunes. It uses the Mini-Cog Dementia Screening
Test [40], Memory Impairment Screen (MIS) [57], Clock
Drawing Test [16], General Practitioner Assessment of
Cognition (GPCOG) [58], and the Montreal Cognitive
Assessment [33] as cognitive assessment algorithms. Since
ALZ is a patient administered tool, it also uses a 7-item ver-
sion of the IQCODE [17] and the AD8 Dementia Screening
Interview [54] as informant administered tools, and SLUMS
[46], the Functional Activities Questionnaire (FAQ) [59], the
Geriatric Depression Scale [35], the Hachinski Ischemic Score
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(HIS) [60] and the Katz basic activities of daily living as
functional assessment tools to screen for AD. It also allows
people to network with others who are having similar prob-
lems or difficulties and takes approximately 45 min to com-
plete but doesn’t have a sufficient number of ratings on the
App Store.

2.2.10 Dementia test - risk calculator of dementia

The Dementia Test — risk calculator of dementia (DTRCD)
[61] is an iOS app developed to calculate the potential risk
of an individual having dementia based on a simple self-
administered questionnaire. This tool is free and, according
to the developers’ note on Apple iTunes, this app uses [62] a
novel memory test based on a combination of multiple algo-
rithms and a wide range of factors that affect the memory,
attention, and logical thinking abilities of an individual to
detect the risk of Dementia. It also provides disease informa-
tion required to manage the disease, reminders on next test
date, ability to share test results via e-mails, and recommen-
dations and instructions to reduce the risk of dementia.
Although the app has a rating of 5/5 on the App Store, there
is not much information available on its functionality or
effectiveness.

2.2.11 DementiaTest

The DementiaTest [63] app was developed exclusively for
research purposes. Hence it is freely available on both
iTunes and Google Play to download and use and can be
administered by caregivers. The app helps the users to identify
symptoms of dementia through medical questionnaires based
on the 6-item Cognitive Impairment Test (6-CIT) and
Structured Clinical Interview (SCIDS)([64]) tests. The
DementiaTest app has two separate questionnaires: a self-
administered questionnaire, and a caregiver-administered
questionnaire. Based on the answers given for each question,
the self-administered questionnaire generates a score out of
26, and the other a score out of 36; a lower score indicates
normal cognitive behaviour, whereas a higher one is indicative
of dementia traits. This app has gained a 3+ rating on the App
Store and takes no longer than five minutes to complete.

2.2.12 MoCA APP

The MoCA app [65] is a screening and diagnosis tool for
many conditions such as vascular dementia, Parkinson’s dis-
ease, traumatic brain injury, brain tumour, Huntington’s dis-
ease, etc. [33]. This tool is available in the App Store and can
only be downloaded into an iPad. The MoCA app focuses on
the abilities of executive functions, language, attention, mem-
ory recall, concentration, time and place awareness to evaluate
an individual’s vulnerability to different mental and execution

areas. The tool uses a questionnaire consisting of 11 questions
with various drawing tasks to identify possible cognitive im-
pairments and takes no longer than 10 min to complete. On
completion, a score out of 30 is generated where scores above
26 are considered as normal cognition. According to a study
by Julayanont et al. [66], the MoCA app screens MCI with
81% sensitivity and 86% specificity when the cut-off score is
set around 24-25. The app has rated 4+ on iTunes.

2.2.13 DST - dementia screening test, Alzheimer test

The DST app [67] is based on the Dementia Screening test
(DST) medical examination that has the ability to detect dif-
ferent types of dementia conditions including AD, Vascular
dementia, Fronto-temporal dementia, Lewy-body dementia,
and Secondary dementia along with their severity levels. It
is available on both iOS and Android platforms. According
to the developer’s note, the app has a sensitivity of 96%. The
user is allowed to access the screening test without registra-
tion, storage of personal data, advertisements, and even with-
out internet access. Clock drawing is one of the tasks that this
tool employs to assess the executive functions and memory
skills of the user to detect their potential for developing de-
mentia. The DST takes 10-15 min to complete. The app gen-
erates a score out of 30 based on the answers given to test
items; scores 29-30 is considered as normal, score between 24
and 28 is considered as having slight limitations in some areas
and score below 23 indicates limitations are present. It has
gained 3+ rating with over 100 downloads on the App Store.

2.2.14 6 cognitive item test (6CIT) app

The 6CIT app [68] is a MCI screening tool based on the Six
Cognitive Item Test [50]. The app consists of 6-items and
generates a score out of 28. Test scores from 0 to 7 indicate
normal cognition and scores from 8 to 28 indicate an abnor-
mality in cognition and suggest further evaluation for diagno-
sis. The study by Callahan et al. [50] validated the reliability of
the app with a sensitivity ranges from 78 to 90% and specific-
ity of 100% when the cut-off score is 7-8. This app is freely
available In the Apple Store and takes five minutes to com-
plete. However, this app does not have enough ratings for the
App Store.

3 Discussion

Table 1 presents an overview of the selected dementia screen-
ing apps based on target audience, ratings on the App Store,
number of downloads, availability to download freely, types
and number of questions used, average time taken to complete
the activities, cost, and number of languages supported by the
app. Accessibility is a vital measure that describes the
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suitability and acceptability of a dementia screening app. This
paper evaluates the accessibility of considered dementia
screening apps based on their presence in both Android and
i0S platforms, audience covered, and cost.

The CDD app and ACE-Mobile are designed exclusively
for healthcare professionals and orthopaedic trauma patients
respectively, restricting their accessibility. Other apps, such as
the MOBI-COG, DementiaScreener, Brain Test, MoCA,
eSLUMS, DST, and MMSE can be used by anyone to screen
for dementia. According to Statista [69], the global mobile
operation systems (OS) market has 88% of Andriod OS shares
and 11.9% of i0S; having a presence in both these platforms,
makes these apps more accessible. Out of all the apps consid-
ered, BrainTest, ACE, DRT, Cognity, DST, and DementiaTest
are the ones that are presented in both platforms, making them
more accessible than the other apps.

Similarly, some apps are not freely available to users (ex:
ACE-Mobile). BrainTest, ACE Mobile, DRT, Cognity, and
DementiaTest are available on both Android and Apple plat-
forms making them more accessible to the public and health
professionals. Although ACE-Mobile is available for free to
download, it only supports iPads and tablets and is designed to
be used by clinicians. In terms of the time taken to complete
the assessment, MOBI-COG and DRT take only 2—3 min to
complete, however, they do not cover all neurocognitive areas
related to dementia diagnosis. Considering multimedia fea-
tures, only the BrainTest and DST apps utilize videos and
images making them attractive.

Screening apps such as ALZ and Cognitive Exams contain
over 50 items (100+ and 68 respectively) and take 45—60 min
to complete. These two apps are suitable for clinical set up
examination since they are administered by a clinician and
contain multiple valid medical tests. In contrast, the MOBI-
COG, BCI and 6CIT apps only have 5-6 items and take no
longer than five minutes to complete. Apps like Cognity and
DST use video and images to present the items making them
more appealing to users. These apps take 1015 min to com-
plete which is reasonable. Most of the considered dementia
screening apps have obtained 4+ ratings on the App Store.
The MOBI-COG, BrainTest, and DRT apps reported the
highest ratings of 8.5/10, 4.5/5, and 4.8/5 respectively; the
DRT app reported over 1000+ downloads making it the most
popular.

Table 2 presents a comparison of the considered dementia
screening apps using the cognitive domain measured, medical
assessment used, and performance. In terms of the medical
exams used, almost all the considered apps are designed on
common, clinically accepted tests such as MMSE, MoCA,
Mini-COG dementia screening test, AD8 Dementia
Screening Interview, 7-item version of the IQCODE and
GPCO - all validated by the Alzheimer’s Association as clin-
ically accepted tools for screening dementia [70]. The best
performing medical tools are those with the best trade-off

between sensitivity and specificity values. The
DementiaTest, ACE, MOBI-COG and e-SLUMS consist of
medical tests that appear to have a good trade-off between
sensitivity and specificity values. Comprehensiveness is an-
other measure that evaluates the usability and functional ca-
pabilities of these apps for identifying impairments pertaining
to various cognitive domains. All the considered apps cover a
wide range of cognitive and functional domains such as atten-
tion, memory, language, and visuospatial ability. Almost all of
the apps focus on memory. Apps such as ACE-Mobile,
CognitiveExams, DST, ALZ, MoCA, and BCI are more com-
prehensive than the other apps covering multiple cognitive
and executive domains. Apps such as the CAIDE-DRS and
DRT also cover hypertension, hypercholesterolemia, obesity,
and physical inactivity.

The American Psychiatric Association (2013) in DSM-5
describes the criteria for diagnosing possible and probable
AD. First some level of dementia or neurocognitive disorder
must be established. Major neurocognitive disorder (major
ND) requires the patients experience a significant decline over
time in at least one of the following six cognitive domains:
complex attention, executive function, learning and memory,
language, perceptual-motor, or social cognition. This can be
reported either by the patient, an informant or the clinician and
then corroborated by performing a cognitive test that is asso-
ciated with the domain. Alternatively, minor neurocognitive
disorder (minor ND) requires a moderate decline in cognitive
domains over time and that the patient’s independence during
everyday activities is not affected. Both major ND and minor
ND also require that the cognitive defects are not only ob-
served when the patient is delirious, and the cognitive defects
are not better explained by another mental disorder.

Most of the screening apps that we reviewed cover one or
more cognitive domains related to DSM-5. It is clear that
some apps cover multiple neuropsychological domains based
on a medical instrument but take more time to complete (ex:
Cognitive Exams). Other apps utilize all the items of the cor-
responding medical assessment method while others only use
a few items presented in the original medical assessment.
Apps like MoCA covers activities related to social cognition,
complex attention, learning & memory, language and percep-
tual motor skills, and ALZ app has over 100 items and activ-
ities combining seven different medical tests, making them
suitable for clinical use. Therefore, once major ND or minor
ND has been demonstrated using some of the screening apps
discussed, the DSM-5 criteria can be used to determine if the
observed disorder is being caused by AD.

Artificial intelligence (Al) techniques particularly deep
learning and machine learning (ML) offer powerful capabili-
ties for computer aided diagnosis (CAD) systems including
those related to neurocognitive conditions [63, 72, 74]. These
techniques explore historical data to derive useful patterns and
concealed knowledge that can be utilized by clinicians and
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g physicians to improve the accuracy of the diagnosis process.
& ; The potential use of Al and ML techniques in CAD systems
vy }2] . . .
8 3 £ 3 related to dementia is vast, nevertheless few applied research
=] . . . .
= = E 5 studies have been done to investigate how to integrate Al
e 5 4 g technology with traditional diagnosis procedures, i.e. ([71,
5] J = . . .
% gb _“g’ § & 72, 74, 10]). One of the distinctive advantages that Al tech-
g -§ ‘% 8 & niques offer besides improved predictions is the exceptional
5 & f = (; § ways for presenting the discovered knowledge to facilitate the
[ 2 S F o g > .
z S SsS5¢ = development of treatment and management plans for patients
2 <287 S:2 it:; and their caregivers. Overall, dementia assessment tools that
© utilize Al techniques better performance when making
= ] diagnostic-related decisions since they rely on models derived
2 i co ¥ S from processing historical cases and controls rather using con-
8 SE88 9« S« ventional methods like scoring functions. This makes the di-
A §S= Rz 32 . . . L
j agnosis process simple, accurate, and convenient for clinicians
SNEOS § and medical professionals.
*-E‘ § § g Out of all considered dementia screening apps, Cognity
3% g8 E_ § § - utilizes Al for dementia screening; this app analyses a photo
@ SRL 98 £z of a clock drawing done by the user and then, based a large
sample of patients, determines the probability of dementia
g g risk. The ACE app also has an inbuilt mechanism for auto-
§ § é 53 7% &% mated administrati.on,.scoring, and reporting using the human
© = ——= == == factor approach. Findings of Newman et al. [10] suggest that
the computerized version (ACE app) can capture measures
more accurately than the original version of the ACE medical
assessment. MOBI-COG, the digitalized version of Mini-Cog
test, is also a fully automated mobile app that uses ML tech-
niques to recognize hand-written digits and characters. It uses
- a k-nearest neighbour (kNN) algorithm [73] to identify the
7 5 ~ characteristics of the clock drawing done by the suspected
=382 C e
Sz % % individual.
5 %) 25 2 It’s clear that integrating technological advancements into
g g ? 2 2 g traditional dementia screening assessments is a topic that has
= . .
g g T2 A% g not yet gained enough attention from the relevant research
§ g TE) % § 8 % g bodies. Therefore, more research that focuses on improving
‘g F2zE £E3¢ the accuracy and efficiency of the existing dementia screening
S —~E0 58%88%%n . . . . .
5 £25 2og52¢ tools using advanced intelligent technology is required.
3 ST E22fy
— o E 15 < V=
B EZ2E $ESTSE
= = dan UM B .
B 4 Conclusions
£ g 3 E o _ 3 = Dementia is a type of cognitive dysfunction that is common
g 8.z 2 £ B 228 . o
- E§E g & = 3 among elderly people. Screening for dementia is the key for
£ 2E & 2 5 @ fg . : .
- 258 § 3 = £ = £ 2 g successful intervention, therefore regular check-ups are criti-
31 < o g < . . . . .
g § 5 & .‘.2 El £ g25@gE cal to identify this problem at an early stage. This paper high-
> = —_— = o = . .. .
3 2= g5 E ; SfEPS 2 g‘ lights and critically analyzes mobile-based technology tools
2 ER 28 SS55555E for dementia screening in terms of various criteria: accessibil-
o 0>.<)>N®§ 5 < T &8 E O O . . . o
gl < s =g p= ity, comprehensiveness, performance, efficiency, and usability
£ “ among others. A critical analysis was conducted to identify all
g ;3 § the prevailing dementia screening apps along with their prom-
~ ] o inent features. According to the results of the evaluation, the
o & A .
2| o 2 é’ ) DRT app is identified as one of the most rated apps with a
gl < S A S rating of 4.8/5 and over 1000 downloads. The Dementia
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Screener is the app that gained the lowest ratings although it
had over 1000 recorded downloads. Apps such as MoCA,
BCI, ALZ, DST, and Cognitive Exams cover more
neurocognitive areas based on DSM-5 criteria; the Brain
Test, ACE Mobile, CDD, BrainCheck, Cognity, and 6CIT
apps are validated to be used in clinical setups. However, all
the dementia screening apps have their own pros and cons;
some apps are comprehensive, but time-consuming, whereas
others are efficient and comprehensive, but have limited ac-
cessibility. The ACE dementia screening app is comprehen-
sive, efficient, and available freely on both Android and iOS
platforms, but access is limited to healthcare professionals
only. Therefore, the need for a dementia screening app that
meets the neurocognitive domains defined in the DSM-5 and
that is accessible, is essential. Further research and develop-
ment should be carried out to design and implement a more
accurate and reliable screening tool to facilitate early diagno-
sis of dementia traits. This can be accomplished by using new
technology such as Al and machine learning in which the
detection of dementia traits will be solely based on former
instances (cases and controls) rather than simple scores gen-
erated by conventional medical assessment tools such as the
ones we surveyed.
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