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Abstract—There are 7 million Alzheimer’s patients in Thailand, and 10% of
people of 65 years of age or more are in the early stages of this pernicious disease.
Alzheimer’s reduces the quality of daily life in several ways, as well as having a
negative impact on the work performance of the patient’s family. Alzheimer's’
patients cannot receive proper care at home, despite the good intentions and ef-
forts of family members, but this is the only option available to many families
due to the cost of care in an external setting. The tendency for Alzheimer's pa-
tients to wander away from home and become lost is even more problematic for
their families and this tendency is estimated to worsen as time goes by. Therefore,
the purpose of this research is to alleviate the concern of families by preventing
their loved ones who are suffering from Alzheimer's from wandering away from
home and becoming lost by designing a prototype system that can track and mon-
itor their movements. Design thinking was used in this research as a creative
problem-solving approach to produce an application with the core functions of
tracking and monitoring the movement of Alzheimer's patients. The application’s
accuracy was validated by a scenario test, the results of which were discussed
based on user feedback.

Keywords—supportive system, phase 1 Alzheimer’s, design thinking process

1 Introduction

Smartphones equipped with smart technology have several advanced features, in-
cluding a web-browsing facility, plenty of storage space and a highly accurate moni-
toring function, which facilitates a rapid response [1][2]. For these reasons, mobile
health applications on smartphones have become invaluable tools to improve patients’
lives by providing them with essential health information [3-6] based on monitoring
their physical condition, tracking their remote location and giving them faster access to
health care and consultation. [6-9].

It appears that the number of mobile healthcare applications is constantly increasing,
with new applications being launched every day in most of the world’s industrially-
developed countries. According to a recent Statista report, the number of users has in-
creased in line with the number of healthcare applications, which indicates that these
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applications have inevitably become part of everyday life, with consumers download-
ing 218 billion mobile apps to their connected devices from 2016 to 2020 [10]. For
these reasons, many countries in the developed world have launched mobile health ap-
plications to assist users to access healthcare services in relation to primary care (41%)
and prevention (47%) [11].

Mobile applications designed especially for Alzheimer patients are applied to mon-
itor and track their movements or remind them of their location [12-13]. The benefit of
this kind of application is that it can include cognitive and physical therapies, social
activities, educational and nutritional programmes, as well as ensuring patients’ safety
[14-15]. Several smartphone owners currently use them to operate mobile applications
that support them in their everyday living with Alzheimer's disease.

It is estimated that there are 7 million Alzheimer patients in Thailand, and 10% of
people aged 65 and over are in the early stages of this pernicious disease [16], which
reduces their quality of life due to the progressive decline of memory, thinking, lan-
guage and the capacity to learn. The estimated utility cost of Thai patients in 2018,
including formal care, informal care, day/night care, daily supplies and medical de-
vices, was estimated to be US$ 7, 285 per year in rural settings and US$ 7, 286 per year
in urban areas [17]. Since the average monthly household income in Thailand in 2019
was approximately US$ 1,212 in Bangkok and approximately US$ 696 in other regions
[18], it is evident that the cost of caring for an Alzheimer's’ patient is approximately
50% of the average income.

The potential risk of caring for an Alzheimer's’ patient is the decline of family mem-
bers’ work performance, especially in Thailand, where most family members work out-
side the home, this means leaving the Alzheimer's patient alone in the house or paying
for a daily supply service. Despite these options being wholly inadequate for taking
care of people with Alzheimer’s, many families have no choice due to the cost of ex-
ternal care facilities [19]. In addition, the stress of caring for Alzheimer's patients is
exacerbated by their tendency to wander away from home and become lost or disappear
for days due to forgetfulness. As a result, those who care for persons with Alzheimer’s
disease or dementia tend to suffer from stress, which is detrimental to their physical
and mental health. The propensity of Alzheimer's patients to get lost is becoming more
problematic for families based on a report in 2020 when it was estimated that 313 peo-
ple had become lost or missing in 2019 and the trend is increasing year by year [20].

Therefore, based on the several problems carers encounter when caring for someone
with Alzheimer's, there is a need to find appropriate tools or smart devices to alleviate
the concerns of family members who are obliged to go to work and leave Alzheimer
patients alone by preventing the latter from wandering away from the home environ-
ment and becoming lost.

Although the use of smart technology to assist carers has increased on a global scale,
access to smart systems or services is still problematic in Thailand, despite the existence
of many smart devices in the market and the huge cost of taking care of Alzheimer's
patients in external settings. Therefore, this research was motivated by the desire to
alleviate the concerns of family members who are obliged to care for a relative with
Alzheimer's, who has a tendency to leave the home and become lost. Hence, the re-
search questions are based on how to develop an application that can help carers to
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monitor the movement of persons with Alzheimer’s or prevent Alzheimer patients from
getting lost (disappearing from home) and how to design an appropriate tool or equip-
ment with a low cost.

Therefore, the aim of this research is to analyse and design a prototype system in the
form of an application to prevent Alzheimer patients from wandering away from home
and getting lost based on the carer’s current smart device, and to validate the ability of
the prototype to prevent such behaviour in a test scenario before its implementation.

2 Literature review

2.1  Design thinking

Design thinking is a scientific methodology or creative approach to solving problems
[21]. This research applied design thinking as knowledge and innovation management
framework to study and clarify requirements and specific knowledge for initiating the
development of prototype application”. It consists of the following 5 phases based on
the modifications of many researchers: [21-25].

— Phase 1: Empathise. This involves understanding and responding to human needs in
terms of the problems that need to be solved.

— Phase 2: Define. This involves identifying the core problems.

— Phase 3: Ideate. This involves viewing the problems in alternative ways and identi-
fying innovative solutions.

— Phase 4: Prototype. Having identified the best possible solution for each problem,
this phase entails producing a prototype.

— Phase 5: Test. This involves rigorously testing the completed product using the best
solutions identified in the prototype phase. A poor design or incomplete prototype
can be improved based on the results of this phase by returning to the previous
phases.

2.2 Usability

Usability is a way to measure whether the defined goal has been effectively and
efficiently achieved and ensure that users are satisfied with the product. Usability based
on users’ suggestions and theoretical criteria was the core consideration in creating the
graphical interface in this study [26]. Usability is defined as the performance of the
product in terms of ease of access. Based on ISO 9241-11, it is “the extent to which a
product can be used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use.” [27].

2.3 Related work

Different sensors were used to detect risk when analysing and presenting a viable
solution for monitoring Alzheimer patients. Each mobile app was subjected to a variety
of tests based on different types of movement in diverse scenarios that could lead it to
the failure to detect risk or to misinterpret it, and the results showed that the solution
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mainly achieved the objective. The app was able to monitor the Alzheimer patient, de-
tect accidental falls and give the care-giver relevant information. The only limitation
was related to the optimisation of the machine learning algorithm [28].

The mobile application designed in this study was intended to help individuals diag-
nosed with Alzheimer’s disease in the early stages and track their location using Aug-
mented Reality. Based on the development and testing results, the participants were
required to perform three tasks due to the heightened efficiency generated through voice
interactions on the Augmented Reality interface. No problems were found, despite the
evaluated user not having Alzheimer’s disease. The application used a verbal alarm as
a reminder to assist the location of Alzheimer disease, which was accepted by the eval-
uated users [29].

2.4  Stages of alzheimer's

According to a report from the Alzheimer's Association, patients with Alzheimer's
disease pass through five stages, including an early stage, a middle stage and a late
stage, as follows: Stage 1: preclinical Alzheimer’s disease; Stage 2: mild cognitive im-
pairment due to Alzheimer’s disease; Stage 3: mild dementia due to Alzheimer’s dis-
ease; Stage 4: moderate dementia due to Alzheimer’s disease; and Stage 5: severe de-
mentia due to Alzheimer’s disease [30]. However, this research is only focused on users
in stages 1 to 3, who have difficulty in remembering, experience a lapse in judgment,
get lost or misplace items, forget things more often, are more impulsive or exhibit in-
creasingly poor judgment [31].

2.5 Application’s location-based service

The components and concepts of Location-Based Service (LBS) are associated with
mobile devices, communication networks and positioning or location [32]. Location
tracking was used in the application prototype in this research to record the current and
past location of an object/device based on a GPS service in an android operation system
[33]. Several researchers have confirmed that adding GPS tracking to an Android mo-
bile platform is useful and provides an acceptable degree of accuracy [34].

3 Research methodology

3.1 Experimental procedures

A series of design thinking solutions was used to conduct this research and the steps,
tool support, target and output of each experimental procedure are illustrated in Table
1.
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Table 1. Experimental procedures

Research

process Tool support Targets Output

Documentary review/ .
y Problem, factors, require-

Empathise |knowledge extraction or To clarify root causes ments
capturing
Define Knowledge Exploration To explore and identify the main Def:lsmn mgkmg to find a
problem fixing solution
Ideate Knowledge mapping or To generate the scope and function |Application work process
workflow
. . L Design framework of ap-
Blueprint, and software To present the design application Ce .
Prototype . plication supporting sys-
framework supporting system tom
To verify the prototype based on the . .
Test Scenario test criteria for assessing the quality of Product implementation

and development

mHealth apps

3.2 Usability test criteria

The prototype was evaluated by end-users based on a questionnaire (interview), in
which the evaluation criteria were categorised by three dimensions, namely, users’ re-
quirements, application functionality and graphic user interface. The criteria for the
evaluation, which were modified from those of [35-36], are illustrated in Table 2.

Table 2. Evaluation criteria

Questions | Evaluation criteria

Application meets the user’s requirements (usability)

Ql 1. Practical use, understand when used

Q2 2. Simple design

Use of application’s functions

Q3 1. Provides accurate and reliable results

Q4 2. compatibility between core features and user interface

Graphic user interface

Q5 1. Consistent pattern of menus, icons, colours and fonts

Q6 2. Appropriate screen size and clearly visible

3.3 Participation

Five people were selected to participate in individual interviews based on their ex-
perience of caring for an Alzheimer's patient at home in order to determine their needs
or the features they would like from the new system. It should be noted that the ques-
tions they were asked only focused on estimating of the usefulness of the new system
and did not include personal information about the patient due to their right to privacy.
Therefore, this study was exempted from ethical research requirements due to the type
of research.
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34 Test scenarios

The performance of the prototype application was tested in terms of its ability to
detect the status of a missing patient and alert the carer. This test was divided into three
scenarios to recheck and validate the functionality of the system.

1. Short-range scenario: The system was set to remind the carer. This test covered the
application’s ability to be used at home, in any area of the house. The range covered
was approximately 5-15 meters.

2. Medium-range scenario: This scenario tested the ability of the application to be used
when walking between rooms or moving around home area. The range covered was
approximately 15-25 meters.

3. Long-range scenario: This scenario tested the ability of the application to be used
within a village or outside the home environment. The range covered was approxi-
mately 45-70 meters.

The smartphone device was used by the patient (role play), while the carer tested the
results of the use. The time taken to alert the carer was evaluated compared to the pa-
tient’s movement. It should be noted that the application was activated by the patient
and the researcher applied all the tests in all the scenarios. The application was tested
10 times in each scenario to validate its accuracy. The accuracy of the time consumed
between a range of movements and alerting the carer was recorded (when the system
sent a notification to the carer).

3.5 Application framework

The prototype application framework in this research was developed by Kodular,
which is a modern application builder without coding based on the MIT App Inventor
[37]. In developing the application, a web browser-based solution was employed to
manage the components in terms of customising their appearance and actions. Although
this application is not a native app builder, the framework facilitates fast development,
and some modules can be downloaded from the library and more easily customised
[38].

4 Results

4.1 Results of empathise stage

The empathise stage is focused on acquiring a deeper understanding of the needs of
users (carers) and the problems they encounter when attempting to monitor the activi-
ties of Alzheimer patients or prevent them from leaving home. The keywords used to
classify their existing problems in the Thai language were “Alzheimer patient always
get lost away from home, can’t be contacted, lose connection, do not answer the tele-
phone, lose contact information, can’t be left alone, etc.,” and what they wanted from
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a new system were “reminder to carer, alarm when Alzheimer patient leaves home, any
tracking function, easy to use, no need of a new device, etc.”

In addition, based on the documentary review of the literature, in cases where pa-
tients lose their way home [20], the system should be able to prevent their disappear-
ance by extracting or capturing the relevant knowledge of their location and sending it
to the carer.

4.2 Results of define state

The necessary points for developing a system to monitor the movements of Alz-
heimer patients or prevent them from leaving home and getting lost were considered in
terms of functionality, convenience and accessibility based on the results of the empa-
thies stage. The functions were considered stepwise, as shown in Table 3.

Table 3. Necessary points for developing a system to monitor Alzheimer patients’ movements
or prevent them from leaving home and getting lost

Problems /necessary factors Fixing solution

- Provide a function that alerts carers in cases where Alz-
Difficult to find Alzheimer patients when they |heimer - patients get lost or cannot get out of the target
leave home and get lost. area.

(lose connection, do not answer phone) - Provide a function that navigates directly to the Alz-
heimer patient’s location.

Difficult to obtain recall last contact infor-

. . . . - Provide inft tion of spatial data.
mation or position of Alzheimer patient rovide information of spatial data

A function or system that does not need a new |- A system that operates on carers’ current device.
device. Simple and easy to use.

4.3  Results of ideate stage

The results of this stage were related to the design flow of the system in response to
carers’ request to provide a function to alert them in cases where the Alzheimer patient
is lost or cannot get out of the target area. Figure 1 indicates the workflow of the appli-
cation function that operates to receive spatial data from the Alzheimer user and send
it to the carer for monitoring purposes, while Figure 2 indicates the flowchart of the
application work process from the Alzheimer user’s side, which explains the logic of
the application to operate spatial data with a functional process. Figure 3 and 4 are part
of the programme command (core process) to detect and feed data to track users’ move-
ments, as indicated in the Kodular blocks.

1JOE — Vol. 17, No. 13,2021 87



Paper—Analysis and Design of Prototype Application of Caregivers’ Supportive System Phase 1...

[ Data Change J

!

[Chbck a phone number J

from Firsbaze

N j

Setting phone False
mumber
True
Eemove Matker in
Google Map
Pin Marker to a new
positionin Google map

[Shnw google map] e

}
e

position

}
e

Fig. 1. Flowchart of application work process for carers’ side

[Displa}-‘a current usar]

88 http://www.i-joe.org



Paper—Analysis and Design of Prototype Application of Caregivers’ Supportive System Phase 1...

Movement was

detecred

Set current screen
0 emergency

Remind user to set
aradius

00gle 1maj
s visible 2,

Send Lat, long, ID
Name, Phone
Number, time to
Firebase

Call to emergency

number

Fig. 2. Flowchart of application work process for Alzheimer patients’ side

1JOE — Vol. 17, No. 13,2021 89



Paper—Analysis and Design of Prototype Application of Caregivers’ Supportive System Phase

-Get Value
=AM SOSPhone J
value If Tag Not There

By

. (1[2d global Lastlong =

4 global LastLat ~ SOMENEY lat - |
|- global LastLong - JEN IS
call _Store Value
tag | call _Get Value
fag | * i
value If Tag Not There |, “@*
value To Store {1 (=) makealist | call EETEEEIED Get Value
=N UsernameTiny 8
value If Tag Not There | ‘B
' call EITERERED Get Value
(=S UserphoneTiny g
value If Tag Not There |
" call QIDEDERED Get Value
tag | :

value If Tag Not There | “ @~
" call QIEERED Get Value
tag (* -
value If Tag Not There | “[@*

-(‘.Ei" Google_Maps1 » MUGER e EE]
lat (o get (EID)
[

Fig. 3. Programme command (Block command) to detect and feed data to track Alzheimer

90

patients’ movements

http://www.i-joe.org



Paper—Analysis and Design of Prototype Application of Caregivers’ Supportive System Phase 1...

lobal locatio

| getlat - get giobal locati_..
set - to | call GESTEEEEEED Get Value

tag

Y call Show Alert
notice

B Radius - Wext - KINEL B
¥ global RadiusCircleNow - L)
(==l Notifier! » BT

notice

='W Google Maps1 » BeGpl A
crcleld ¢ get fiEul

P | ShowMap ~ |

n

Fig. 4. Programme command (Block command) to detect and feed data to track Alzheimer
patients’ movements

4.4  Results of prototype stage

The results of this stage were related to the blueprint design, which was considered
under the flowchart of the work process of designing the application. This design was
considered to be appropriate for creating the graphical interface based on the theoretical
criteria of ISO 9241-11, which meant that the colours, graphics and layout were based
on a simple design that emphasised functions of the application rather than its appear-
ance. An example of screen shot were indicated into Figure 5 and Figure 6.
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Fig. 6. Core functions of the application are displayed on the sides of both the Alzheimer
patient and the carer.

Figure 6 contains the screen shot of application which can be explained as follows:
A and B are the positions of the user (Alzheimer patient) on the carer’s screen.
C indicates the status of monitoring the user, while D is the button to cancel the

monitoring function.

E is an icon to call or ask the carer for help. It should be noted that this contains a
function to remind the user in Thai to click it when the telephone screen is activated.
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G is a point to set the boundary of an area by setting a radian for monitoring. This
function is activated by the carer or another family member. The boundary of the radian
is calculated in meters.

After a boundary has been activated, the user cannot change or fix it until the moni-
toring mode ends (when D is clicked). Meanwhile, H is a point to adjust the boundary
or remove it.

F is the user’s current location which is surrounded by the boundary set in point G.

4.5  Results of the test stage

At this stage, the prototype application was tested in order to validate its accuracy in
each of three scenarios, namely, short-range, medium-range and long-range based on
ten tests 1 to 10, respectively. The results confirmed that the prototype application was
more accurate in a long-range scenario than a medium-range and short-range one, re-
spectively. The accuracy of the 10 test counts, which were separated into walk and run
to monitor the external movement of the Alzheimer patient, is shown in Table 5, from
which it can be seen that it took less time to notify the carer in the walking scenario
than it did in the running scenario, with an average time of 8.98 and 16.58 respectively.
Moreover, Table 6 contains the results of summarising users’ feedback based on the
evaluation criteria in Table 2 [35-36].

Table 4. Accuracy Testing

Shot-range Medium-range Long-range
| v | o | V| g | M|
Test 1 10.20 10.01 20.00 7.00 45.50 3.07
Test 2 13.50 11.50 19.50 7.88 48.15 3.75
Test 3 7.60 9.45 21.00 7.11 50.20 3.80
Test 4 9.80 10.00 22.50 7.26 65.50 3.11
Test 5 10.80 10.19 21.00 7.12 57.12 2.19
Test 6 9.60 9.98 19.50 7.88 50.06 391
Test 7 10.40 10.13 20.00 7.00 66.50 3.46
Test 8 10.30 10.08 19.40 7.87 60.45 4.50
Test 9 8.80 9.51 18.00 7.75 63.20 4.10
Test 10 5.01 9.11 19.00 7.74 52.10 3.98
Average 9.60 10.00 19.99 7.46 55.88 3.59
Sd. 2.21 0.64 1.25 0.39 7.67 0.66
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Table 5. Accuracy Testing

Test/count Walk (Average 4.4 km/h) Run (Average 8.8 km/h)
Test 1 13.4 21.04
Test 2 7.08 25.80
Test 3 8.59 6.80
Test 4 9.62 16.3
Test 5 9.66 23.00
Test6 14.35 26.25
Test 7 13.00 6.30
Test 8 5.07 19.42
Test 9 2.84 6.34
Test 10 6.23 14.58
Average 8.98 16.58
Sd. 3.80 7.78
Table 6. Evaluation criteria results
Questions | Evaluation criteria Good Bad
. Some of it is easy to use, fa- [Small test with just a few words. Some
1. Practical use, under- | ... . . .
Ql cilitating a fast understand- |information the user does not want to
stand when used - . . .
ing, simple to use, readable |insert in the system
Some areas of focus are small, but oth-
Q2 2. Simple design Easy to use, high capability |ers are acceptable. There is a need to
expand the size of the test
3. Provides accurate Fmd‘?lg and monitoring Delay of notification, some issues, ap-
Q3 . functions are acceptable Co .
and reliable results . plication restarts itself
Practical to use
4. Compatibility be- User interface is acceptable, . Lo
Q4 tween core features . Setting area function is a narrow space.
. simple to use, readable
and user interface
5. Consistent pattern of Some buttons too small, some text-
Q5 menus, icons, colours |high capability boxes restart themselves, some interest-
and fonts ing areas are tight
. Some areas are small, footnote is un-
. Some of it is easy to use,
6. Appropriate screen | . . readable,
Q6 . .. simple, readable, medium .
size and clearly visible | . .. Some points of focus on the map too
visibility small

5 Discussion and conclusion

The aim of this research was to help to alleviate the concerns of carers or family
members who are caring for an Alzheimer patient who is in stages 1 to 3 at home due
to the huge cost of external care [19]. In order to achieve this aim, it was necessary to
answer two research questions; how to develop an application to help carers to monitor
the behaviour of Alzheimer patients and prevent them from wandering away from the
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home environment and becoming lost, and how to design an appropriate tool that can
be used on carers’ current smartphone and be developed at a low cost.

Design thinking was used in this study as a creative problem-solving method or a
solution-based approach to achieve the research aim [21-22].

Each stage of the design thinking process contained certain steps to design an appli-
cation that had the main function of enabling carers to monitor the movement of Alz-
heimer patients and notifying them if the patient wandered away from home and was
at risk of being lost [20]. In the empathize phrase has supported the extraction of
knowledge requirements and provided to define the problem and critical knowledge in
define phrase. Moreover, the creativities and innovative solutions enhanced to identify
an innovative solution for producing an innovative prototype. The test phrase had done
to get the reflection for accuracy.

The application was developed for use by both carers and patients and, according to
the results of several scenario tests, it performed long-term monitoring on the carers’
current digital devices better than short-term and mid-term monitoring. Therefore, this
new prototype application, which was constructed based on design thinking and devel-
opment, proved to be suitable for monitoring Alzheimer patients outside the home en-
vironment due to its ability to notify carers in an accurate and timely manner. Although
the monitoring of movement and accuracy of notification was lower inside the house
(short-range) than outside (long-range), the application would be very useful if carers
were obliged to go to work and leave Alzheimer patients at home alone. If the patients
went outside in this scenario, the carers could monitor them and prevent them from
getting lost.

In addition, the majority of the comments provided in the feedback based on sum-
marising users’ suggestions contained a good mixture of compliments and useful sug-
gestions about issues that should be addressed in the next version of the app. For in-
stance, the android operating system is unstable when accessing geolocation services.

Although the accuracy of the application in notifying carers of the whereabouts of
their patient is limited in some environments, it can be a good choice for family mem-
bers who wish to use smart information technology to assist them in their daily lives
and especially to reduce the burden of taking care of Alzheimer patients at home due
to the enormous cost of external care in the context of Thai society [17].

Moreover, this research can solve the problems involved in caring for Alzheimer
patients at home by designing an appropriate system at low cost, which can be used on
an ordinary digital device.

Therefore, the results of this work may enable carers to continue to improve the
monitoring of Alzheimer patients’ movements in the future to prevent them from get-
ting lost when they leave the home. It is also hoped that the application produced in this
project may be a role model to design functions of applications in the future that re-
spond to the needs of Thai society.
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