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Abstract
This project aims to give an overview of ambient assisted living and how it can benefit the
ageing population, with software that provides them with an easy user interface to log daily
activities. The project explores industrial solutions with the various applications it provides.
There will be further mention of the design process, how this had an overall impact on the
development and a critical analysis of the artefact during the testing stage.
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Chapter 1 - Introduction

1.1 Problem Description

As medical researchers continue to make medical evolutions, the average life expectancy of
the elderly has increased in parallel. This increase in life expectancy has led to an increase
in the cost of healthcare and receiving treatment due to high demand(Romback, D. 2014,
June 2). Ambient assisted living(AAL) is a type of digital assistance which aims to provide
support to those living in isolation - in particular the elderly and vulnerable. AAL devices are
known to be very expensive as the hardware required can often be costly - which can lead to
less accessibility for the general public due to potential financial constraints amongst
consumers. AAL has provided an improvement in the quality of life for the elderly and those
with disabilities by allowing them to live independently. Smart home technologies in
particular have shown its potential benefits in preventing health problems that could
otherwise cause a higher risk of hospitalisation and long-term healthcare.

The elderly have a tendency to use less software technology for day-to-day living therefore
industries consequently refer to hardware solutions to support these users. The purpose of
this study is to provide support to the elderly using software solutions to support them with
daily living. AAL systems must be implemented with security and privacy which is of utmost
importance for the user and has been proven to be a challenge within the field itself, as
these systems have been well known for collecting data from its users and their living
environments (surroundings). The system created was designed to be adaptable on many
different devices, therefore interoperability played a crucial role in the development of the
artefact. It also had to be reliable for its user as user experience is a vital aspect in the usage
of a system.

1.2 Project Aims

The overall project aim was to provide an interface suitable for elderly users to communicate
essential information to the application to help them cope with their routined activities such
as taking medication and reminding them of daily events. The system will be of low cost and
must provide a user friendly interface which will adhere to the w3c standards for
accessibility.

1.3 Project Objectives
● To conduct a literature review which gave insights into AAL technologies that have

been developed.
○ This was also beneficial for improving the artefact, avoiding issues in the

solution that was developed based on previous works and will allow for a
better understanding of the field overall.
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● Using a list of the chosen functionalities(features) by the users, a list of prioritisation
of these features will be decided based on the responses and how important it is for
the application overall.

● Design a user interface that has an array of accessibility features suitable for the
selected target audience.

● Develop a software application prototype which provides AAL with low cost and a
user friendly interface.

1.4 Project Constraints
● The system would be limited in terms of the amount of data that can be gathered

regarding the user from the application.
○ For user testing the researcher asked the participant to enter fake data.

Examples were also provided to avoid thinking time affecting their result.
○ Once the data was provided it was deleted immediately and only the result of

their feedback was recorded.
● Hardware compatibility - financial constraints limited the hardware in stock.
● The application would be limited to the data that can be collected via the hardware.

For example, the Fitbit can only gather information that is offered via the access
token. For example, calories, step count, floors etc.

○ However, the application will not allow for fall detection monitoring as the
Fitbit charge 4 does not offer this capability but later models offer this such as
the Fitbit Versa 4.

■ Funding for later versions was denied therefore it could not be tested
on the app.

● API usage
○ As the Twilio API was not brought, it was used on a trial basis causing strains

on the number of system uses, how long the API can be used and the
functionality provided.

Project complexity:
The artefact had presented challenges as there are numerous guidelines which needed to
be followed such as the internet standards including the w3c. The system had to be
accessible for users with a variety of accessibility tools available for the user to utilise. The
system had to be user-centric with many tests being carried out regarding the functionality
and intuitiveness of the user interface.

Assumptions:
● The target audience has a familiarity with using website applications previously.
● Users will typically access the device on a mobile or tablet device.
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Chapter 2

Literature Review

Literature Review Elicitation Strategy
To gather the literature the data was elicited via google scholar, specifically gathering large
amounts of data to begin with and then narrowing the scope down to make the text concise
whilst providing as much information as possible. For each search, certain themes,
keywords and topics were identified and searched for as part of the research.

As the literature review was conducted, requirements were conducted by potential clients
which had helped identify common themes.

Search Sources
Number of
results Reason for search Result description

"Ambient assisted
living"

Google
scholar 302,000

This was the initial search
as this formed the baseline
of the knowledge gained
from the completion of this
project.

There was a wide range of
literature surrounding the
challenges with many
proposed solutions spanding
from hardware to software
solutions. From this search
there was further
understanding of what AAL
was and the impact it has on
society.

"Software ambient
assisted living"

Google
scholar 107,000

The decision for splitting
the results amongst
hardware and software
had been made as
background knowledge on
previous software solutions
was needed before
working on the artefact.

Too broad, many results were
related to healthcare settings
of AAL and the elderly did not
directly use the software.

"Ambient assisted
living security"

Google
scholar 59,300

The decision was made to
look at the previous
security of other
applications in order to
avoid previous criticisms or
any issues that may
appear affecting the
application safety.

Articles have a common
theme of IOT. Mostly related
to authenticating users to
such systems.
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"Ambient assisted
living fall detection"

Google
scholar 57,700

A common theme when
searching for ambient
assisted living had an
aspect of fall detection.
Therefore, the fall
detection was explored in
more detail to gain more of
an understanding of what
are the current solutions to
the use of fall detection.

Gained loads of results, many
themes of the same
researcher, this had then led
to more search keywords.

"Ambient assisted
living usability"

Google
scholar 28,900

The elderly must have a
user friendly interface
due to the standards that
are enforced over the web.

Various literature reviews on
previous solutions.

"Ambient assisted
living cost"

Google
scholar/
Google 166,000

AAL devices have various
costs, therefore further
research was conducted to
analyse the proposed
costs, as well as the cost
effectiveness of the
proposed solutions.

Further research outside
google scholar was
conducted for more
information as the sources on
google scholar was limited.

"Ambient assisted
living IOT"

Google
scholar 24,700

Many proposed solutions
consisted of IOT devices
therefore research was
conducted to see other
examples of IoT AAL
devices.

Large amounts of data
gathered related to cloud
systems.

"Ambient assisted
living fitbit API"

Google
scholar 911

Different solutions were
searched to see if it
narrows the search so
more information can be
synthesised.

Specific to a Fitbit device, all
proposed improving living for
the elderly.

"Mobile ambient
assisted living fitbit api"

Google
scholar 895

This was to shorten the
number of searches that
did not consist of mobile
applications.

Mobile device solutions
appeared with its various
connecting hardware devices.
This usually consisted of the
next of kin being able to
monitor the elderly using their
phone with non-intrusive
methodologies.

"Software ambient
assisted living fitbit api"

Google
scholar 868

Gave an overview of the
different types of devices
that could use the fitbit API
for AAL.

More general devices (could
consist of
laptop, IOT, tablet, wall
mounted device etc)

10



Introduction:
As the general population ages more research is being conducted into AAL. This helps
monitor the ageing and vulnerable population using unobtrusive technologies such as mobile
technologies, smart devices and a range of medical sensors (Romback 2014). This literature
review aims to provide an overview of the current research into ambient assisted
technologies including the current trends in AAL technology, the themes alongside any gaps
within current research and its future direction.

Background/History of AAL
There are currently 3 generations of AAL. The earliest form of AAL dates back to 1992
where devices would traditionally consist of an alarm button used in emergency situations,
for example a fall or change in symptoms. This would then alert a pre-programmed contact
linked to the device. This gave users a sense of safety, as well as providing reassurance to
family members and caregivers. The use of this technology was limited if the subject was
unconscious or unable to trigger the alarm (Blackman et al 2016).

The second generation of AAL technology created a way to prevent accidents by monitoring
hazards without human intervention (Blackman et al 2016). This targeted a wider audience
compared to the first generation, as those with cognitive disabilities could also make use of
such a system. This design was criticised by researchers describing it as intrusive to the
users privacy.

The third generation of AAL had built upon the previous version but was improved as it had
responded to the change in environment in an unobtrusive manner - meaning that the
devices would be disguised as everyday objects. These technologies had aimed to reduce
the social implications compared to the previous generations, such as reducing the
embarrassment of using cognitive supportive devices (Blackman et al 2016). This reduces
the feeling of self-consciousness for the end-user - allowing the user to have a better user
experience. The third generation of AAL had also integrated artificial intelligence (AI) to help
adjust to the users needs and their preferences.

Current Solutions
There are many proposed solutions for AAL which aim to improve the safety and quality of
life within the elderly. These solutions tend to involve using either wearable technology,
sensors, smart home technology or software applications.

One example of AAL currently in use is medication management applications. As the elderly
ages, research demonstrates that 85% have at least 1 health condition and 65% as having
at least 2 health conditions (Parra et al 2016); this may possibly indicate medication would
also be required to help deal with their symptoms or illnesses. However as the elderly
experience cognitive decline, a medication management application can help them to better
manage their daily intake (Ganesan and Gowda et al 2019). Researchers have also
expanded this functionality, applying it to areas such as meal intakes.
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An example of a medication management application in real use with wide availability would
be “Pill Reminder Pro”, which is described as a multifunctional system allowing the user to
create reminders for medication intake for any time frame (Licea 2014). The application also
allows individuals to track the amount of medication the user currently has, to alert them
when a refill is required. This application allows for elderly users to better manage their
medication habits as well as being alerted with enough time to refill their prescribed
medication.

Furthermore, smart home automation is another solution to AAL which helps the elderly
manage their conditions such as limited mobility. Smart home automation makes tasks such
as adjusting the temperature or other household appliances that can be controlled, easier as
it can be managed remotely (Rashidi, P. & Mihailidis, A. 2012). Moreover, other smart tools
have used various health monitoring tools such as smart technologies analysing biological
samples, after a user has completed their personal hygiene routine, measuring sleep
patterns using the mattress based on their sleep cycle, breathing, movements and many
other methodologies. This has all been designed to improve the wellbeing of the user and to
track their overall health. This has been further developed by researchers using power
consumption levels in the users homes and machine learning algorithms to track their users
daily activities. If the user has not completed a task within the normal time frame of their
daily routine, such as “putting the kettle to boil” or “the user turning the television on”, an
alert is sent to their carer to check up on the user. This has been integrated in everyday
objects as users are being tracked via their energy consumption level. This provides users
with privacy as there are no uses of cameras, microphones or any other device that can be
seen as intrusive (Gassner & Suter et al 2022). The diagram down below shows the overall
methodology for how such a system works.

[Figure 2.1 - system architecture]
(Gassner & Suter et al 2022)
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The system used an API to collate any data of the user and their power consumption
throughout the day. This would store the appropriate data in an SQL database and based on
the data gathered, it would check the rule generation (the previous data) and determine
whether further intervention was required. If there was a change within the “normal timeline”
of power consumption, a message was then sent to the emergency contact via SMS.

Similar to the previous solution mentioned, other solutions such as environmental hazard
detectors were invented as a safety mechanism for users. Contributors had created a way to
detect hazards such as gas leaks, floods or potential fires to prevent the likelihood of an
incident. Once discovered, it informed either a caregiver or the emergency service
depending on the given situation or its programming. This device was built to protect the
elderly from developing dangers and potentially save lives (Al-Shaqri & Mourshed et al
2016). This could however be criticised, due to its obtrusive methods of gathering data and
the proposed solutions requiring the use of cameras/detectors, causing privacy concerns for
its users. Consequently this could potentially lead to a reduction in the chances of user
acceptance for the device.

During the Coronavirus pandemic, technology was developed to combat loneliness and
isolation in the elderly. According to research, over half a million elderly people did not
receive human interaction for at least five or six days a week (Pattison 2020). In an effort to
reduce loneliness, devices such as the amazon echo were introduced to allow video
conferencing family members by voice activation and features that provide the user with
entertainment (such as watching the news or their favourite tv shows).

Some systems offer RFID tags for daily activity. The author indicated that there are many
forms of recording data which in turn can allow for machine learning algorithms to
understand user habits. The RFID had been used to recognise patterns of the users
behaviour in order to understand what task is being completed by the user, for example
making tea. The system requires object detection, activity recognition and interference
recognition (Philipose et al 2004). This was used to try and gain an understanding of the
users behaviour and what their daily activities included.

Fall Detection
Fall detection plays a critical role in AAL and has been a very popular area of research within
the field. With studies showing that falls are the number one leading cause of injuries and
admissions to accidents and emergencies within hospitals (Ganesan B et al 2019). AAL
systems have responded by using wearable technologies which respond to a change within
the environment (in the form of latitude and longitude of the user) and if a change has
occurred, it sends a notification to the caregiver or next of kin. There are many forms of
detection including the use of sensors in the form of accelerometer and pressure sensors.
But most notably a smartphone fall detection which consists of four nodes from the chest,
waist, wrist and ankles - this would send all the data to the next of kins smartphone
(Ganesan B et al 2019). The nodes would send data of any changes to indicate if a fall has
occurred. This concept has allowed researchers to apply this concept to other areas,
including machine learning where they can implement heart rate monitors as an additional
parameter to measure the health of the user for further confirmation. This has a high
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prevalence within the field, as the elderly have a higher risk of accident related injuries and
thus hospital admissions, however the accuracy of sensor detection would be considered
very crucial to the client as well as the financial cost that may incur with the use of this
product. Furthermore, in a domestic household this may have limited use unless the nodes
are made easy to wear for the user for extended periods of time.

Cost
The cost of AAL devices varies depending on its functionality. Fall detection would be more
expensive to build compared to a medication monitoring application due to the increased use
of hardware and its high level of complexity. AAL devices offer more features and capabilities
tend to be more expensive.

Cost of devices such as fall detection which are offered through the use of smartwatch or
pendant usually require a monthly subscription. Experts analysed that “the best fall detection
systems” (Olson & Lindberg 2023) incurred an annual subscription of $330.

Cheaper alternatives are usually in the form of software applications as it requires no use of
physical hardware. Medication management software such as Medisafe Pill Reminder are
free to download on the app store. However this application contained costs supporting
in-app purchases that range from $2.99 to $39.99 (Medisafe n.d). This included additional
features such as adding an unlimited amount of medication.

Voice activated assistants, depending on its features, can cost between $30 to $200. The
high end Sonos One included smart home integration as it provided users with
entertainment, as well as allowing for smart home integration features where it can control
other smart devices with auditory simulation. For example, the user can instruct the Sonos
One to turn on the thermostat (if it is also a smart device that is interoperable) and if
configured correctly will turn on. The Apple HomePod Mini which costs $100 still provides
the user with voice control but also allows communication between different Apple homepod
mini’s such as sending voice messages to other homepod devices - this assists users to
communicate with others easier if they have the same device in another home setting. The
Apple HomePod mini also provides end-to-end encryption that ensures the voice data is
securely kept.

Product Estimated cost (cost in US dollars)

Fall detection $330

Medisafe pill reminder application $2.99 - $39.99

Voice activated assistant $30 - $200

Security
There is a hidden trade-off between the perceived advantages (safety for the elderly and
vulnerable) and its perceived barriers (privacy and data security). Research shows that
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general attitudes from the target users feel as if they lack privacy by having such systems
within their homes (Heek, J. et al 2017, July). Although AAL technology is dual compatible in
many different environments namely nursing homes and hospitals - it is still under utilised
due to the issue of privacy in private housing environments.

The Mirai Botnet was an insecure IoT device which was utilised in many AAL devices in the
form of smart technologies (they had used items such as cameras and thermostats), the
attackers had accessed these devices in order to launch a wide scale DDoS attack on the
internet which left many AAL devices not functioning properly. This resulted in 600,000
victims being affected. As this was used in many AAL devices, it generated a sense of
distrust among users having to use smart technology, in particular the elderly. This created
an issue for those who relied on receiving the appropriate care via smart technology. For
example users would not be able to receive information such as prevention from incidents
such as a gas leak, if the device was used in fall detectors this had caused the users to not
being able to alarm carers or authorities if they had hurt themselves.

Privacy
Commercial ambient assisted living products identify and understand the ethical concerns
regarding the sales of these products which have led to companies such as UbiCare (which
were an AAL prototype that was under development in 2015) not utilising cameras and
microphones as this is commonly perceived as ways of violating their privacy instead they
have utilise sensors that can be embedded into furniture. This is to reduce the reluctance of
acceptance from the user(Dasios & Gavalas et al 2015).

In the field of AAL there is an ongoing issue of establishing a secure connection between
medical devices and its remote hosts that can access the information. AAL systems are
known to rely on a collection of data from the user to provide them with better care. This
raises privacy concerns for the user. To counteract this, the argument is made to use
proxy-based authentication. This would be suitable for IoT devices to prevent potential
security breaches (Porambage & Braeken et al 2015).

Conclusion
To conclude, the emergence of AAL has alleviated pressure on health services and has
drastically improved the quality of care in all aspects of life for the elderly that live in isolation
using technologies that have evolved over many years. An area that must be addressed in
AAL is the issue of privacy and security. AAL devices gather and transmit data passively.
This also brings in ethical considerations and if doing so is more beneficial to the user or
making the user feel under constant “surveillance”. However, some argue that as users are
buying an AAL device they are automatically consenting for data to be gathered passively.
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Chapter 3

Methodology

Whilst there were many methodologies to consider, after conducting large amounts of
research, the choice of narrowing down the scope of potential development strategies was
made.
These included the following development strategies:

● Agile Kanban
● Iterative development
● Incremental development
● Waterfall methodology

Kanban

Kanban is a methodology which emphasises the use of continuous delivery and involves the
constant need for adaptation depending on the customers’ requirements. It consists of using
the kanban board which showcases visual representations for the flow of project
development. The stages of the work are divided into columns. It divides the columns into
progression points and each section represents different stages of workflow. This creates an
improvement in the efficiency of work throughput and allows for a better overview of the
project. GitHub has also adapted this methodology creating their own GitHub Kanban project
board using this same principle, managing programmers and their workload(Github Docs
n.d). This has been used in the github repository to help track features and the status of the
current workflow.

[Figure 3.1 - Kanban board]
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Kanban would be beneficial to the project as the intended audience have changes made
within the requirements, therefore flexibility will be needed and adaptation will be essential.
The use of kanban will also reduce the risk of project failure as the target audience is
constantly communicated with, in comparison to other methodologies, namely waterfall
(Anderson 2010). The use of kanban increases organisation in the software development life
cycle, as well as increasing the level of efficiency by limiting the work-in-progress to a
manageable amount. Kanban provides tools which help maintain continuous improvement
by being able to gain insight into the tasks at hand.

Iterative Development
The iterative approach involves breaking down the project into smaller segments called
iterations (Larman 2004), with each iteration entailing continuous delivery. Similar to kanban,
it offers greater flexibility and adaptability to the requirements changes. There is a higher
quality of product satisfaction produced by using the iterative approach as a rapport is built
with potential users. However this approach can often lack an accurate timeline due to the
number of iterations being unpredictable, which can lead to an increase in further work
required past the project submission.

This approach would fit well within the project, as there is a constant requirement for
customer feedback and this approach has many tools which helps manage the project
including version control systems such as Git. This allows tracking of the code and its
history. This will also help for continuous integration by using git branches. The branches
can be merged and pushed out to the main (master) branch to ensure continuous delivery is
followed.

[Figure 3.2 - Git version control]
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Waterfall
The waterfall development process consists of 5 key phases: requirements elicitation,
designing of the system, the implementation of the system, testing the systems
functionality/usability and evaluating the built artefact. These phases must be completed in
the specified order provided, with each phase building upon the previous phase (Royce
1970). This method allows for greater reliability of estimations on project timelines but it has
also been criticised for the lack of flexibility it offers (Wysocki 2010). Once a phase is
considered complete, there are no official reflections that are made therefore errors cannot
be amended, henceforth it can often lack quality control in comparison to agile
methodologies.

This methodology was discarded due to its inability to integrate new ideas after the
requirements phase had reached its completion (Eason 2016), as using this methodology
could potentially lead to customer dissatisfaction. Customer communication played a crucial
role, as gaining feedback from stakeholders played an essential part and requirements can
change overtime, therefore the ability to be flexible is required. Furthermore, as Royce has
stated, following the waterfall methodology is less efficient as it requires the previous step to
be completed prior to moving onto another phase.

Incremental Development
This involves the process of breaking down the development into smaller parts called
increments. Each increment involves the idea of designing, eliciting requirements,
developing and testing until its deployment. It has been complimented for its swift
development process for software implementation. However, it increases the complexity as
new requirements are consistently added (Larman & Basili 2003).

Agile methodologies such as the incremental development approach, reduces the risk of
project failure as the target audience is considered throughout the development and their
requirements are collated throughout the development process. The requirements for the
project will have many complexities which will require heavy planning before its execution.

Development Approach Chosen
The choice of using a hybrid iterative and kanban approach was made as the tools for both
will heavily profit the development of the artefact. Github kanban allows for better tracking of
the entire process whilst also ensuring the workload is manageable. This has also allowed
other features such as issues to be converted from the kanban board which has also been
utilised in the development. The iterative approach works well in parallel as there will be
continuous movement on the project board between the project status of a given feature set.
Furthermore, the iterative approach offers tools such as git which will allow for version
control and checking previous iterations of the project. Continuous development and
integration plays a crucial role in both approaches, therefore this will be adapted to suit the
project.
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Chapter 4

Requirements

Initial Requirements Elicitation

The original requirement strategy was to conduct interviews with elderly users, however due
to limited sampling this was not viable.

Therefore, an alternative method which combines the use of brainstorming with a smaller
group of elderly users (stakeholders) and conducting surveys based on the responses
provided by the users during the brainstorming session. The choice was made for using both
requirements strategies to gain a holistic understanding of the system that was to be
created. This is because other stakeholders such as family members and next of kins can
also voice their opinions on the creation of the artefact.

Survey
The survey was split into 2 separate parts - the first part focused on functional requirements
whilst the second, targeted the prioritisation of which feature is seen as the most important.

The survey gathered 18 responses which is not generalisable to the general population,
however due to a low volume of responses to the survey this was not possible.

Requirement process
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[Figure 4.1 - Requirements process]
The figure shows the elicitation process whereby the survey and brainstorm sessions were
consistently compared and trends were identified from the data which would form the
requirements that would be presented back to the stakeholders.

Iteration 1 - using the brainstorm, surveying and gathering trends

As can be seen by the table provided below, this was a brainstorming session with a
potential client on what may help them with their day-to-day activities. The brainstorming
session was mainly focused on gathering functional requirements and feature
implementations. The requirements follow the iterative approach as the process is repeated
until perfected. The following table was created through consumer feedback from various
stakeholders.

Feature idea How to implement it? MoSCoW
prioritisation

Justification

Smartwatch monitoring
users pulse

The API communicates with the
iPad. The iPad gets info back to
the user via a notification. Must

This idea had stemmed from the third generation
of AAL devices which had focused on integrating
embedded technologies in the form of everyday
items (such as a pendant) but allowing for the
elderly to communicate their needs accordingly
(Blackman et al 2016).

Medicine monitoring
API to send out notifications,
based on the time. Must

As the elderly age devices such as medication
reminders would be useful to allow for constant
reminders for when a medication should be
consumed.

A panic button

Can press a panic button on the
smartwatch/the tablet event
listener triggered and goes to Must

The first generation of AAL had introduced an
alarm that could be summoned when a user
requires medical attention (Blackman et al 2016).
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next of kin This was also considered very important to the
client for staying in close contact with family
members.

Reminders API to a reminder app/calendar Should

This has been considered a “should” as the
elderly can use this however, other applications
may also help with this therefore this is not top
priority.

Blind motion detector
API which connects the motion
detector to the tablet device. Could

Due to high complexity, this requirement solely
depends on the amount of time that is left during
the project as its configuration may be of high
complexity.

User profile
A profile stores data about the
user. MUST

This is a very popular feature amongst the
application as it provides a more catered for
experience to its users.

Prompting App

Gets data based on local time,
user input may be required on
what they like to do throughout
the day and notifications are fed
through to the user based on the
input. Should

Prompting is a should because it would require
high complexity and may require the use of
machine learning. This is achievable however the
data may not be configurable for the elderly user
as they may not know how to inform the device on
their daily routine.

Contents gathering
feature - entertainment

Plays favourite family photos,
gets access to favourite music,
puts on free source TV etc... this
helps deal with loneliness Could

This is a “could” as it would require external use
of entertainment and is not essential for
maintenance of their vital health.

A virtual assistant

A bot that responds to the user,
maybe an API that talks to them
as if they were an actual user. Would

This would require too much complexity therefore
is out of scope for this project.

Smartwatch monitoring
falls

API communicates the velocity
of the user (using data from the
triaxial accelerometer) recorded
to the app and feeds it back to
the app - the app then sends
notifications to caregivers on a
fall. Could

This depends on the smartwatch as some
watches are able to detect falls from the data it
collects.

An app that recommends
safe exercises to the user
based on their condition

Web scraping from the internet -
“safe to do activities” for the
elderly users or those with
specific information. Should

Default message

This will either be an extension
plugin or this can be done via
SMS. Must

This helps the user to send default messages
such as “call me” as the elderly may find difficulty
to type text messages.

The brainstorm session had influenced the questions asked within the questionnaire. This
was to confirm if the data collected from the brainstorming sessions was representative of
what the users would like to see within the application. This was also to narrow down the
requirements that should be focused on specifically for a more representative group of
users/stakeholders.
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The researcher had chosen to create four main categories for defining the requirements

● Functional requirement = FR
● Non functional requirement = NFR
● Interface requirement = UI
● Accessibility requirement = ACR

Accessibility and user interface are crucial components in the development of this project in
terms of usability, which can contribute to the overall usage and popularity of the application.
Even though non-functional requirements are the umbrella term for accessibility and
interface requirements, due to its huge amounts of sub-requirements the choice of breaking
these requirements into its own 2 sections was made. Splitting the accessibility into its own
section would allow for easier monitoring of which standards are being abided by and which
standards must be implemented as well as providing better organisation to the requirements
overall.

[Figure 4.2 - AAL improvement device preferences]

61% of users who responded had considered emergency communication and reminders as
the most important feature for the application.
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[Figure 4.3 - feature improvement preferences]
The statistics have further shown clear indication that contacting a family in an emergency
promptly and efficiently, is a very big priority for the stakeholders therefore this will be
considered heavily when creating the application. This has been backed by the statistics
which have seen 12 individuals classifying this as a feature they expect to see in the
health-led application.

The two most important features according to the results were the medication monitoring
management application and the panic button. These will be features of high prioritisation
and importance as they are expected from the target audience.

The next question addressed was to improve the target audience user experience in
general.

[Figure 4.4 - daily activity feature poll]s
The results showed strong support for the user profile feature. This was closely tied with the
reminder feature.
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[Figure 4.5 - product preference]

Prior to creating the survey, motion detection was the initial idea which would be used
alongside the creation of the application. However, due to a strong preference for the
smartwatch feature this will be considered the priority.

Survey information about the non functional requirements

The researcher asked for the users preference for which non-functional requirements they
feel are most important when using an application. This is crucial as the development
process and testing process will account for these requirements and will iterate over the
improvements when necessary.

[Figure 4.6 - non functional requirements]

The above had confirmed a friendly user interface to be a very crucial requirement when
creating the app with 94.4% responses.
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Functional requirements

Identifier Description Justification Priority

Reminder Feature
(FR001)

This feature allows the elderly user to
remember events and helps them to
plan in advance.

As the elderly age,
they undergo
cognitive
decline(Park, H.
L., O'Connell, J. E.
et al 2003).

Must

Chat feature(FR002) It has been reported that elderly
individuals are more likely to suffer
social isolation which can possibly
increase chances of depressive
symptoms. The system should cater for
the elderly facing social withdrawal by
providing an interface where they can
communicate with others.

(Pattison 2020) Could

Panic Button
Activation(FR003)

In the nascent era of AAL, a panic
button was one of the few ways for the
elderly to communicate if they were in
trouble. The application will use the
same principle to communicate to their
next of kin if they require assistance.

Must

Fitbit tracker
compatibility(FR004)

The application will allow the user to pair
their fitbit device which will receive data
from the individual and place it onto the
application.

Should

Medication
reminder(FR005)

This feature takes the information
provided by the user about medication
that they are taking and reminds them to
take it at a certain time.

Should

Non functional requirements:

Identifier Description Justification Priority

User friendly
interface(NFR001)

From the survey, 94.4% of users
classified a user friendly interface
as their most important part of an
application.

Therefore this will be at the
forefront of development
when creating the artefact.
Following W3C guidelines
will also be needed.

Must

Reliability(NFR002) Reliability was the second most
popular response in the survey with
55% responses saying this was

Should
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very important for the application.

High
performance(NFR003)

Users tend to find it extremely
frustrating when a website is slow
therefore the system must be able
to handle response in a very pacey
manner.

Could

System
security(NFR004)

System security is also essential.
As the backend database will be
SQLite, there must be a heavy
consideration for potential SQL
injection and reducing the risk of
this.

Should

Accessibility(NFR005) Accessibility guidelines will be
followed and adhered to - the
researcher will follow the guidelines
based on WCAG and w3.org.

Must

UI requirements

Identifier Description Justification Priority

Easy to correct
mistakes(UI001)

As the target demographic is elderly
people, the system must make it
simple for users to correct their
mistakes and enable them to go
back when required without needing
great assistance.

This is important due to
Nielsen's
Heuristics(Nielsen 2005).

Must

Good error
prevention
mechanisms(UI002)

The system should prevent errors
that may frequently happen.
Continuously test the system is
important and using participants to
see if any mistakes may frequently
occur during the testing stage so
this can be worked on in the
development iteration and can be
reduced.

(Nielsen 2005).
Error prevention
mechanisms will be put in
place in the settings menu
where the user will be
made to type to confirm if
they would like to access
the settings menu before
taking them to the page.

Should

Minimalistic
design(UI003)

The system should hide as much
complexity as possible and should
show a simple design which does
not overwhelm the user.

(Nielsen 2005) Should

Visibility of system
status(UI004)

The system should provide the user
with information that will help the
user understand what is currently
ongoing with the system. For
example, the reminders should
inform the user if they are up to date

(Nielsen 2005) Could
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when all the content is loaded.

Accessibility requirements

Identifier Description Justification Priority

High contrast
(ACR001)

According to research from w3.org
guidelines, they have a contrast
standard that must be met which
will be considered when designing
the system.

Web Content Accessibility
Guidelines Working Group.
(2008). Understanding
WCAG 2.0: Section on
Visual Audio Contrast
Contrast. World Wide Web
Consortium (W3C).
Retrieved from
https://www.w3.org/TR/UN
DERSTANDING-WCAG20/
visual-audio-contrast-contr
ast.html

Must

Large text and bold
fonts for users
(ACR002)

This is to help the elderly visualise
information that is to be
represented.

Must

Microphone
accessibility
(ACR003)

According to WCAG there are many
forms of disabilities one of which
includes physical impairments
which limits the mobility of the user.
The use of a microphone will allow
the user to communicate with the
software and gain the necessary
information possible.

Should

Allowing navigation
without use of a
mouse(ACR004)

Some users may not have access
to a mouse or may not be able to
use a touch screen device. This
may limit their interaction with the
device. User should be able to
access the application without
mouse navigation.

Should

Text to
speech(ACR005)

Using a web-kit, the user will click
on a button and an event listener
will read the text to the user

Eggert, E., & Zahra, S. A.
(2019, October 4). How to
meet WCAG (quick
reference). How to Meet
WCAG (Quickref
Reference). Retrieved from
https://www.w3.org/WAI/W
CAG21/quickref/

Could
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The table above shows the finalised requirements. The iteration had presented an evolution
of the initial to the finalised requirements via the requirements process.

The requirements had allowed the researcher to gather an idea of what features should be
implemented to the application. This would be included within the design chapter where it
will showcase the iterations of the UI based on client feedback and the different aspects of
design that will be considered.
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Chapter 5

Design

Introduction:
This section will address the design choices made throughout the process. As stated earlier
in previous sections, the development methodology chosen involved the iterative approach
throughout. The requirements section was used to address the behaviour functionality of the
software. This section will reflect the user interface, the features that will be implemented
and the process that was undertaken to determine this.

Design Process:

[Figure 5.1 - design process]

Iteration 1 User Interface Design:
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[Figure 5.2 - Iteration 1 UI design]

This was the first design which displays the start up screen, the main screen (which includes
their medication notifications and their list of event reminders), the second screen which
includes a button to call the next of kin, a chat prompt button and the section which
generates the smart watch activity.

[figure 5.3 - UI extension]
This shows what the second screen extends to when pressing the button.
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[figure 5.4 - activity monitoring iteration 1]

The feedback:
● Colour scheme to be improved
● The graph can be hard to read for the elderly
● Have an easier to follow navigation bar(looking at internet standards)
● The scroll bar may be hard to navigate for the elderly (as they may not be familiar

with this format).

Following on from iteration 1, the feedback provided by the target audience will be used to
develop iteration 2.
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Iteration 2 User Interface Design:

[Figure 5.5 - Homepage iteration 2]
This shows the home page of the application; it was designed with pictures to make it look
visually appealing to its users when opening the application.

[Figure 5.6 - medication feature iteration 2]
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[Figure 5.7 - Reminder section iteration 2]
This is the reminder section which lists the recorded events the user can note down and it
can be split from today's events to future upcoming events.

[Figure 5.8 - My activity iteration 2]
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[Figure 5.9 - Settings Notification menu iteration 2]
This demonstrates the toggle features where you can disable or enable posting notifications
and allows the user to access the different range of settings bars once opened.

[Figure 5.10 - Accessibility settings iteration 2]
This shows the different settings available for the application such as a screen reader and
enabling dark or light mode.
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[Figure 5.11 - emergency contact details scroll 1]

[Figure 5.12 - emergency contact detail scroll 2]

Following from the previous iteration, feedback was given based on the prototypes
produced.
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The feedback for iteration 2:
● Pink/purple is a bad choice of colour scheme.
● Login/logout is not clear
● Settings page - scroll for the submit is confusing, user may think the panic button is

the submit button

Iteration 3:

[Figure 5.14 - Homepage iteration 3]
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[figure 5.15 - Chat section]
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[Figure 5.16 - Medication]

Research/feedback on the medication feature:

The discovery of the BNF and NICE guidelines has allowed for a better understanding that
dosage and strength may need to be clearly defined and should follow the user's natural
language.

Moreover, the client had also described that users may take medication at different intervals
(varying from days to weeks), therefore this should be taken into consideration when
creating the final artefact.

Feedback:
● The medication dosage/strength is confusing
● Should have a homepage where the user can go back.
● Medication type should also be clearly stated in the application.
● Have one big picture rather than many because it can be overwhelming for the user.

Throughout this process, full utilisation of the kanban board was made where the design
would be moved between stages. From “under development” to “to be reviewed” to
“complete” until the user had accepted the item with no concerns.

Use Cases

The use cases have showcased the evolution of what functionality is available in the
application. A larger amount of functionality was established initially however as iterations
progressed this had reduced as the main functionality was prioritised.
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Iteration 1:

[Figure 5.17 - PLANTUML]
The initial design had enabled the user to do a lot of different features with the application.
However, as time had progressed more emphasis was placed on the delivery of the user
interface for the elderly user; this became the centre of attention during the development
stages.

Iteration 2:
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[Figure 5.18 - PLANTUML iteration 2]
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Sequence Diagram:

Panic Button

Iteration 1:

[Figure 5.19 - sequence diagram twilio]
The twilioAPI would use the phone number assigned via Twilio and will send it to the number
requested with the body as the message.

Fitbit Connection

Iteration 1:

[Figure 5.20 - sequence diagram FitbitAPI]
With further awareness of how the FitbitAPI works, there was further development of the
UML diagram.
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Iteration 2:

[Figure 5.21 - Sequence diagram FitbitAPI iteration 2]

System architecture

[Figure 5.22 - system architecture]

Designing for Accessibility:
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Overview of Accessibility
Accessibility plays a crucial role in website development. It is important to make websites
accessible to all users as it can generate higher website traffic from various demographics
with varied abilities. Accessibility plays a crucial role in the development of this application
due to its target audience and for allowing inclusivity to websites (Tim Bernes Lee n.d).

Target Audience
For the application the main audience is the elderly however within this age group(65+) there
are many different medical conditions that must be catered for, according to the w3c.org
including the following list:

● Visual impairments
● Speech impairments
● Cognitive disabilities
● Auditory impairments
● Neurological disorders
● Physical disabilities

(Montgomery, 2020)
The table shown below can allow for equal access and can create a universal design.

Impairment Accessibility facility

Visual impairments Auditory support
Speech to text support
Dark mode - feature designed for
individuals who are unable to see
bright-lights.

Speech impairments The application allows for text to be put in
when communicating with the application.

Cognitive disabilities Prompts to help the user navigate the
website.

Auditory issues Text on screen

Neurological disorders ● Create a clear and concise layout
where the user can see what each
function does.

● Providing consistent navigation
throughout the application.

● Keyboard accessibility - so that all
the functions do not necessarily
have to be done within a click of a
mouse.

Physical disabilities The application should be accessible with
minimal requirement for mouse movement.
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Design Considerations

The font size should be able to adjust to the user's preference as they will have access to a
settings page shown by the previous diagrams. They can also amend things such as the font
according to their preference. The colour scheme will be a light background with dark text for
a contrast - however the user can edit their preferences for the background colour and can
set it to dark and lightmode. Alts will also be used in images to help those with disabilities to
understand the context of the image.

Compliance Testing

Tests have been conducted on the target audience to receive feedback and outline any
improvements required. Questions will be directed to both potential clients and users about
the accessibility of the software. This has helped understand the current status of the
software and how well they can access it.

Accessibility Standards Used

With further research in accessibility standards, an understanding of the three levels of
conformance had been established. The application aimed to cater to level AAA of
conformance where it allowed people with severe disabilities to use the application. The
accessibility tools have been shown in the requirements section for how this will be catered
to the audience. Furthermore alternative texts, easy navigation and a clear structure will be
followed in the design of the system.

Level AAA

● Clear structure of navigation
● High contrast
● Provide alternative images texts
● Provide microphone for those who cannot see the content displayed on the website

or those with low vision that may require text to speech
● Allow for keyboard navigation
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Chapter 6:

Implementation and testing

Implementation and testing have been merged into one section as it reflects the agile
approach which was used throughout the process.

Installation dependencies:

I had used NodeJS as it is a Javascript runtime environment which lets developers run
server side code and it has large popularity and has wide availability on the internet by many
users. The application can also be available offline by downloading the application.

NodeJS was installed during the initial development stages. The figure below shows the
current version and LTS (long term support) version of the software. For the development
the LTS version was downloaded as there is wider community support compared to the
current version and LTS provides more stability. Therefore if support was required, it would
be more efficiently accessible.

[Figure 6.1- Node installation]

Package Dependencies
NPM(node package manager) was used when downloading packages, this was
automatically installed with NodeJS. NPM contains many different packages with its
documentation readily available on the internet.

NPM dependencies

npm i jest

npm i sqlite3

npm i express

npm i sqlite
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npm install twilio

npm i socket.io

npm install socket.io

npm i nodemon

npm i jest-localstorage-mock

npm i oauth2orize

npm i passport

npm i passport-fitbit-oauth2

Testing dependencies

npm install jest --global

GitHub - version control management

GitHub had been used to store the artefact and all its related work (including the Plantuml
diagrams shown earlier. Furthermore, GitHub had also stored the kanban board where
development visualisation was shown. Github had many benefits including the use of github
issues to remind the researcher for issues that are currently persisting/need fixing. This had
also allowed for easier retracing of previous issues and reopening previous bugs.

[Figure 6.2 - Github issues]

Github Branches

Branches were used in development to avoid the clashing of the different features that were
developed in parallel. Once a feature was developed and was ready for a release, it was
merged to the main branch and the environment was run and tested to see if any issues
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occurred. Then the features were tested before returning to the next stage of
development/iteration.

Linting

ESlint was used in the development of the application as it provides a standardised quality of
coding and restructuring benefits by syntax highlighting any texts that do not align or syntax
that can be presented better. Furthermore, bad coding practice including var would be
avoided as this can lead to poorer code quality. The portsoc configuration of ESlint was
used:
npm i --save-dev eslint eslint-config-portsoc

Iteration Plan:

The iteration plan focused on continuous feedback from the stakeholders. The features were
continuously improved through feedback and this changed the code structure and what was
placed into the artefact. This would happen consistently throughout the system build and
seeking customer acceptance was crucial before moving onto the next feature.

Iteration 0 - Home feature/basic UI outline

The feedback received was based on the design, the design was implemented and the users
were happy with the user interface made.

Reminder Feature and Medication Feature Implementation
Both features relied on the use of notifications that are supported by the web via a
notification API. The web API has heavy support including chrome, edge, firefox and safari.
The API works via gaining the time, the date and the prompt(whatever data is being stored)
and this works asynchronously by sending out the notification when the time and date
requested is met.

The reminder and medication feature are saved in local storage for the user to gain access
to the application after it is closed and once reopening the app again it will remember what
has been previously inputted. This can potentially lack maintainability as it is stored in the
client however, future works will include the maintenance of a database which has been
introduced on server side however it is not fully integrated within the application as no real
data is being inputted. In future the use of the POST method from the requested data from
the client to the server will allow for data to be stored.
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Integration Testing:

The test had to use an external dependency for jests local storage. This is important as the
test had failed before due to the framework being unable to recognise the syntax of local
storage. This tests to see if the notification feature works with 3 examples including the
reminder, the date and the time.

describe('Adding reminder to local storage', () => {

test('local storage should hold the input, date and time', () => {

const reminder = 'Test reminder';

const date = '2023-04-12';

const time = '10:30';

localStorage.setItem('reminder', reminder);

localStorage.setItem('date', date);

localStorage.setItem('time', time);

const storedReminder = localStorage.getItem('reminder');

const storedDate = localStorage.getItem('date');

const storedTime = localStorage.getItem('time');

expect(storedReminder).toEqual(reminder);

expect(storedDate).toEqual(date);

expect(storedTime).toEqual(time);

});

});

Panic Button Implementation
The panic button had used the TwilioAPI which allows for messages to be sent from the web
application to the chosen mobile phone. A default mobile phone number was given to the
application as the sender for free by Twilio.
This was developed in stages. At first the message would be sent every time the server ran.
Shown by the code below:

Iteration 0:
import twilio from 'twilio';

const accountSid = "ACf25d4feac6b0fd768188a7f2d54f5583";

const authToken = "3562338dc6f76a2f6a83f6a4eddddec4";

const client = twilio(accountSid, authToken);

client.messages
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.create({

body: 'Testing',

from : '',

to: ''

}).then(message => console.log(message.sid));

The above code was taken from the GitHub repository that shows the project history.
This code initially sent a “Testing” message from TwilioAPI whenever the user would open
the application. But this was not yet connected to the panic button therefore further edits had
been made to allow this.

Iteration 1:

async function activatePanicButton() {

const panicBtn = document.querySelector('#panicBtn');

panicBtn.addEventListener('click', async () => {

const response = await fetch('/send-message', {

method: 'POST',

headers: {

'Content-Type': 'application/json',

},

body: JSON.stringify({

body: 'Help me!',

from: '',

to: '',

});

alert('Message sent to next of kin');

const data = await response.json();

} else {

alert('Message not sent');

}

});

const data = await response.json();

console.log(data);

}

window.addEventListener('load', activatePanicButton);

(Twilio API n.d)

This function had allowed the user to send a message to their next of kin if further assistance
was required. However, this functionality lacked the ability to prevent mistakes. Therefore,
the choice was made to add in extra boundaries which would help prevent the user from
making further mistakes.
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Iteration 2:

// document.addEventListener('DOMContentLoaded', () => {

async function activatePanicButton() {

const panicBtn = document.querySelector('#panicBtn');

panicBtn.addEventListener('click', async () => {

const check = confirm('Are you sure you want to send a message to

your next of kin?');

if (check) {

const response = await fetch('/send-message', {

method: 'POST',

headers: {

'Content-Type': 'application/json',

},

body: JSON.stringify({

body: 'Help me!',

from: '',

to: '',

}),

});

alert('Message sent to next of kin');

const data = await response.json();

} else {

alert('Message not sent');

}

});

const data = await response.json();

console.log(data);

}

window.addEventListener('load', activatePanicButton);

Similar to the previous code however, this had extra precautions by providing the user with a
warning beforehand where they can “Cancel” if this was a mistake or press “OK” to continue.

[Figure 6.3]
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Furthermore, based on the response. It would update the user and tell them if the message
was sent or if it was not sent. If the user clicks cancel the following appears:

[Figure 6.4]

If the user had clicked “OK”, this message would appear to alert the user that the message
had been received:

[Figure 6.5]

The button was placed on the bottom corner of the page where the user can navigate the
button. The placement of the button will also be a key aspect of the testing phase where the
user will be asked if they can navigate the button. If unsuccessful, the user will be asked
where they would prefer the button to be on the application. Continuous feedback was
seeked throughout the project by potential clients.

Due to financial constraints the TwilioAPI functionality was time limited therefore the ability to
send messages were disabled after the free trial had ended.

User Testing Results:

Users were able to navigate the button however, the users were confused about the layout
of the alert. Therefore better presentation of the alert will be prioritised and ensuring it is
clear what the user is doing on the application.

Settings/Accessibility Implementation

Microphone Speech Compatibility
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The users have a range of abilities when using the application. The application aims to
provide diverse user groups the same ability to use the app. Therefore microphone speech
compatibility as explained earlier allows users to access the same resources on the page.
This application may be limited by permissions as web applications typically require user
consent for using a microphone.

A web speech kit recognition tool had been used to integrate the microphone ability. The first
point of getting the web speech kit to work was to be able to generate the speech in the
console.

Web kit speech recognition has a high level of compatibility and works alongside many
browsers including Safari, Google Chrome, Opera and Edge.

window.speechRecognition = window.speechRecognition ||

window.webkitSpeechRecognition;

const recognition = new window.speechRecognition();

recognition.interimResults = true;

const getInput = document.querySelector('#searchInput');

recognition.addEventListener('result', (e) => {

const voiceInput = Array.from(e.results)

.map((result) => result[0])

.map((result) => result.transcript)

.join('');

console.log(voiceInput);

});

recognition.addEventListener('end', recognition.start);

recognition.start();

This code shows the window loading the web kit and it places it into a transcript in the
console as an array.

To test the functionality, the getInput button was pressed and the following was stated
“Hello this is a test to see if this functionality works”.
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[Figure 6.6 - microphone feature functionality]

Iteration 2:

This has shortly been transferred over to the input field which has been changed to monitor
certain keywords including medication, help, reminder, fitness, settings, chat and many
more. This is to help increase the efficiency of navigation for the user.

// Speech recognition app using Vanilla JavaScript. YouTube. (2020,

August 27).

// Retrieved from https://youtu.be/-k-PgvbktX4

document.addEventListener('DOMContentLoaded', () => {

window.speechRecognition = window.speechRecognition ||

window.webkitSpeechRecognition;

const recognition = new window.speechRecognition();

recognition.interimResults = true;

const getInput = document.querySelector('#searchInput');

const microphoneButton = document.querySelector('#microphone');

recognition.addEventListener('result', async (e) => {

const voiceInput = Array.from(e.results)

.map((result) => result[0])

.map((result) => result.transcript)
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.join('');

getInput.value = voiceInput;

// console.log(voiceInput);

if(voiceInput === 'help me'){

// get the panic button to send a message to the next of kin

await fetch('/send-message', {

method: 'POST',

headers: {

'Content-Type': 'application/json'

},

body: JSON.stringify({

body: 'Help me!',

from: '',

to: ''

})

});

alert('panic button activated');

} if (voiceInput === 'medication' || voiceInput === 'meds' ||

voiceInput === 'medicine' || voiceInput === 'tablets' || voiceInput ===

'pills'){

window.location.href = 'medication.html';

} if (voiceInput === 'reminders' || voiceInput === 'reminder'){

window.location.href = 'reminder.html';

} if (voiceInput === 'activity' || voiceInput === 'fitness'){

window.location.href = 'activity.html';

} if (voiceInput === 'chat' || voiceInput === 'message' || voiceInput

=== 'messages'){

window.location.href = 'chat.html';

}

});

if(microphoneButton !== null) {

microphoneButton.addEventListener('click', () => {

recognition.start();

});

}

recognition.addEventListener('end', () => {

recognition.start();

});

});
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User Testing:

A bug was spotted in the microphone feature where the functionality works even after the
user is done with the feature until a search has been performed. This could present
problems as users may not wish to have a microphone to be activated for long periods of
time. Therefore further development will be done to avoid this in the next iteration of the
application.

This had been further improved in iteration 3 of the application. Where the user can cancel
the use of the microphone feature. This improvement allows for a greater error reduction
rate. Users also described a familiarity with other applications which allows for pressing the
button twice to cancel the microphone feature.

Iteration 3:

document.addEventListener('DOMContentLoaded', () => {

window.speechRecognition = window.speechRecognition ||

window.webkitSpeechRecognition;

const recognition = new window.speechRecognition();

recognition.interimResults = true;

const getInput = document.querySelector('#searchInput');

const microphoneButton = document.querySelector('#microphone');

let listenEvent = false;

microphoneButton.addEventListener('click', () => {

if (!listenEvent) {

recognition.start();

microphoneButton.classList.add('active');

listenEvent = true;

} else {

recognition.abort();

microphoneButton.classList.remove('active');

listenEvent = false;

}

});

recognition.addEventListener('result', async (e) => {

const voiceInput = Array.from(e.results)

.map((result) => result[0])

.map((result) => result.transcript)

.join('');
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getInput.value = voiceInput;

// console.log(voiceInput);

if (voiceInput === 'help me') {

// get the panic button to send a message to the next of kin

await fetch('/send-message', {

method: 'POST',

headers: {

'Content-Type': 'application/json',

},

body: JSON.stringify({

body: 'Help me!',

from: '',

to: '',

}),

});

alert('panic button activated');

} if (voiceInput === 'medication' || voiceInput === 'meds' ||

voiceInput === 'medicine' || voiceInput === 'tablets' || voiceInput ===

'pills') {

window.location.href = 'medication.html';

} if (voiceInput === 'reminders' || voiceInput === 'reminder') {

window.location.href = 'reminder.html';

} if (voiceInput === 'activity' || voiceInput === 'fitness') {

window.location.href = 'activity.html';

} if (voiceInput === 'chat' || voiceInput === 'message' ||

voiceInput === 'messages') {

window.location.href = 'chat.html';

}

});

recognition.addEventListener('end', () => {

if (listenEvent) {

recognition.start();

}

});

});

This had been accepted by the client.

Text to speech
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This feature utilised a speech synthesiser to explain what is on the screen to the user. This is
especially useful to those who have low vision. The text to speech feature was created within
the first iteration.

document.addEventListener('DOMContentLoaded', () => {

const reader = document.querySelector('.reader');

reader.addEventListener('click', () => {

const synthesis = window.speechSynthesis;

const getGreeting = document.querySelector('#greeting');

const vocal = new

SpeechSynthesisUtterance(getGreeting.textContent);

synthesis.speak(vocal);

});

});

document.addEventListener('DOMContentLoaded', () => {

const activateVoice =

document.querySelector('#activitySummaryVoiceOver');

activateVoice.addEventListener('click', () => {

const synthesis = window.speechSynthesis;

const gatherMetaData = document.querySelector('#analyseData');

const vocal = new

SpeechSynthesisUtterance(gatherMetaData.textContent);

synthesis.speak(vocal);

});

});

This allows for a voice over to be done for whenever the user requires information to be
extracted. This provides certain voice overs for different needs.

My activity/fitbit Integration Implementation

Iteration 1:
The fitbit API had been utilised and further development had shown auth0 2.0 compatibility
will be required as this provides a request for certain data from the application. With further
development and learning, the understanding of the access token has shown that the
application will only provide the fitbit data for a maximum of 8 hours before a refresh token is
required.

fetch('https://api.fitbit.com//1/user/-/profile.json', {

method: "GET",

headers: {"Authorization": "Bearer " + access_token}

})

.then(response => response.json())

57



.then(json => console.log(json));

This code fetches the users data from their profile and displays it to the user with
information. The data had been logged to the console with information being fed back to the
user.

The path route was taken from the API website.

[Figure 6.7 - fitbit data gathering]
As can be seen this is information about the user and the smartwatch. This was requested
from the web application to the watch and after integrating auth0 2.0 this will gain the data
autonomously.
const grabData =

fetch('https://api.fitbit.com/1/user/-/activities/heart/date/2023-01-15

/2023-01-23.json', {

method: "GET",

headers: {"Authorization": "Bearer " + access_token}

})

.then(response => response.json())

.then(json => console.log(json));

(Fitbit Web API 2023)

This had shown the watches activity during the time commencing between these dates.
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[Figure 6.8 - Fitbit data gathering]
The application shows no data due to the watch being new however if the fitbit was worn this
data would be displayed.

Iteration 2:
Due to time constraints and the complexity of auth0 2.0 integration, placeholder data was
utilised using math.random and calculations made by javascript.

document.addEventListener('DOMContentLoaded', () => {

const getBtn = document.querySelector('#getStats');

const stepsCount = document.querySelector('#stepsCount');

const distanceCount = document.querySelector('#distanceCount');

const activeMins = document.querySelector('#activeMins');

const floorsCount = document.querySelector('#floorsCount');

const heartRate = document.querySelector('#heartRate');

const sleepQuality = document.querySelector('#sleepQuality');

const currentDate = document.querySelector('#date');

getBtn.addEventListener('click', () => {

currentDate.textContent = new Date().toLocaleDateString();

stepsCount.textContent = Math.floor(Math.random() * 10000);

distanceCount.textContent = Math.floor(Math.random() * 10);

activeMins.textContent = Math.floor(Math.random() * 100);

floorsCount.textContent = Math.floor(Math.random() * 10);

heartRate.textContent = Math.floor(Math.random() * 100);

if (heartRate.textContent < 60) {

heartRate.style.color = 'red';

heartRate.style.fontWeight = 'bold';

} else if (heartRate.textContent > 60 && heartRate.textContent <

100) {
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heartRate.style.color = 'green';

heartRate.style.fontWeight = 'bold';

} else if (heartRate.textContent > 100) {

heartRate.style.color = 'red';

heartRate.style.fontWeight = 'bold';

}

sleepQuality.textContent = Math.floor(Math.random() * 12);

});

});

The button then performs calculations once clicked and for each querySelector data is put in
accordingly.
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[Figure 6.9 - placeholder fitbit data output]

User Testing:

Participants had reported issues finding the button to gather their fitbit results. Therefore,
further adjustments were made to make it clearer for the user. Instead of the button being
placed at the bottom, the decision was made to put the button at the top so the user can see
where they can gather their fitbit data.

Chat Implementation

This feature was originally going to use socket.io however as this was not of high priority on
the list. The other features had taken priority. However, the chat layout had been created.

[Figure 6.10 - chat system output]

The blue speech bubble represents the user. Another colour would have been used to
present other users.

The other features had taken priority as creating a chat feature may be increasingly difficult
as clients expressed frustrations for using similar chat services with other providers.
Furthermore, this may lead to changes of the “Chat” functionality as other alternatives such
as voice messaging or calling may also be an option.

Feature status: Incomplete

Authentication Configuration

Authentication was provided via the use of auth0. Auth0 is used to securely provide access
to applications for its users. This application makes logging in an optional feature. Auth0
matches access tokens provided by google and if it is not correct the user is unable to use
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the application. This makes it easier to log users in without having to worry about data
breaches as auth0 handles the authentication of the app.

The authentication test was to see if the path route of auth-config would work. Presented
down below:

Integration testing:

let authConfig = await fetch('http://localhost:8080/auth-config');

await test('Testing authorisation configuration endpoint', async () =>

{

await expect(authConfig.status).toEqual(200);

});

This tests if auth0 returns the configuration details when the following url is typed in
http://localhost:8080/auth-config

[Figure 6.11 - auth path route output]
This is what is returned when the url is typed in. The unit test should pass due to a 200 code
being its status. If the endpoint is broken then this test will fail.

Offline compatibility

The device would be available offline by service workers which save the website whilst
offline. This is a crucial aspect of the application if the user is remotely connected.

Iteration 1:

const CACHE = 'AAL';

const filesHandler = [

'/index.html',

'/index.js',

'/index.css',

'/worker.js',

'/offline.js',

'/manifest.json',

'/img/elderly-technology.png',
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];

async function fetchFromCache(request) {

const cache = await caches.open('cacheName');

const data = await cache.match(request);

if (data) {

return data;

} else {

console.log('Fetching from network', request.url);

await cache.add(request);

return await cache.match(request);

}

}

function interceptFetch(e) {

e.respondWith(fetchFromCache(e.request));

}

async function getServiceWorker() {

try {

const c = await caches.open(CACHE);

await c.addAll(filesHandler);

console.log('Service worker registered');

} catch (e) {

console.log('cache failed, sorry ', e);

}

}

self.addEventListener('install', getServiceWorker);

self.addEventListener('fetch', interceptFetch);

// Kopecky, J., &amp; Boakes, R. (2021, May 27). Portsoc/deadline: A

deadline countdown. GitHub. Retrieved from

https://github.com/portsoc/deadline

This was placed in the “notify” branch. Whilst the code did allow for offline usage, problems
appeared with the usage due to the inability to log in to the system. There also seemed to be
performance issues reported by users. Therefore this will be worked on separately before
merging to main to ensure the bugs are cleared before system integration.

Completion status: Semi complete
Integration: pending
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[Figure 6.12 - unit test output]

User Testing
User testing was implemented on 5 users aged between 50-70. The user testing feedback
was utilised to better improve the applications user experience and to view potential usability
problems that were overlooked during the development by myself and the clients. The
potential issues will either be implemented as a new increment of development or will be put
into future works.

Result of user testing
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[Figure 6.13 - Task usability testing]
The metric which was used to measure the success of the application was qualitative
feedback from the user profile and if they were able to complete the task. The results were
gathered via completing a questionnaire and based upon researcher observation. The
participant was also given the opportunity to rate the navigation for the application and
provide feedback.
The feedback formed was used to improve the overall user experience of the application.

https://github.com/gurvirdhillon/AAL-project
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User Testing Evaluation

[Figure 6.14 - usability login poll]
From the user testing only 1 participant had not been able to login to the application however
this was due to the user interface of auth0 - the participant had explained they were able to
locate the login button but they could not login due to an inexperience in using auth0.

[Figure 6.15 - usability testing reminder navigation poll]
All the participants were able to sufficiently navigate to the reminder section by using the
“tabs”.

66



[Figure 6.16 - reminder setting poll]
Furthermore, the users were able to set a reminder with no major problems stopping them
from completing their task.

[Figure 6.17 - panic button navigation]
All users could find the panic button and were able to trigger the emergency event that will
alert the caregiver. Users reported they had felt a sense of safety from this feature and had
reported positive feedback from “checking” before the message was sent.
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[Figure 6.18 - emergency contact detail]
It was reported that 50% of the users had depended on the use of the search engine for
finding the emergency contact which was not available during the user testing stage.

[Figure 6.19 - fitbit data]
The users were able to navigate their physical activity for the day. They had given feedback
on the layout and expected a fitbit like layout in the form of widgets and making it bigger to
read the statistics.
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[Figure 6.20 - system confidence]
The graph shows the overall user confidence level when they use the system. The 1
demonstrates no confidence when using the system, the 5 showing high levels of confidence
whilst using the system.

The graph shown above shows a mode of 3 and 4. The standard deviation shows 0.75
which means that the results are clustered around the mean(the mean which is 3.8)
therefore all the results are close together. This means that most participants were at a
consensus when answering the survey.

Usability Task Limitations
A smaller sample size means that the usability test cannot be representable to the entire
demographic as only 6 participants were recruited. Therefore, an increase in the level of bias
may impact the results due to a demand in character(users not rating the system accurately
as they want to favour the researcher). It can also impact the user results as outliers can
cause a variation in the data set.

The sample was collected via convenience sampling therefore this can present further bias
as the researcher may present unconscious bias for selecting candidates for those who are
readily available.
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Chapter 7

Evaluation

This chapter provides a comprehensive overview of the process undertaken, an evaluation
of the project and its work completion as well as a reflection on the methodology that was
used.

Requirements Evaluation

With further talks from the stakeholders FR002 had not been considered of high importance
due to customers finding communication applications via texting to be of great difficulty
therefore this would cause many types of usability issues that would need to be addressed
within a short time scale which was not possible. However, if this was to be addressed within
the future web sockets would be used to allow for collaboration with other people using the
application.

Functional requirements

Code Completion status Prioritisation Iteration number

FR001 Complete Must 3

FR002 Incomplete Could 1

FR003 Complete Must 3

FR004 Partially complete Should 2

FR005 Complete Should 3

Non-functional requirements

Completion status Prioritisation Iteration number

NFR001 Complete Must 3

NFR002 Complete Should 2

NFR003 Partly complete Could 2

NFR004 Partly complete Should 2

NFR005 Complete Must 3
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User interface requirements

Completion status Prioritisation Iteration number

UI001 Incomplete/future works Must 2

UI002 Complete Should 1

UI003 Complete Should 3

UI004 Incomplete/future works Could 2

Accessibility requirements

Completion status Prioritisation Iteration number

ACR001 Complete Must 3

ACR002 Complete Must 2

ACR003 Complete Should 3

ACR004 Complete Should 2

ACR005 Complete Could 1

Project Management and Planning
The iterative approach had allowed the artefact to develop overtime by building on the
previous iteration and from relying on clientele feedback. It has allowed for a better
understanding of where further development must be made.

This utilisation of iterative kanban also caused constant changes to be made within GitHub
Kanban where the overall changes to the project can be seen visibly. This has supported
monitoring whilst the project is currently in the development process.
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[Figure 7.1]

Time Management

The project plan was not followed as initially expected, with the design chapter taking longer
than originally anticipated despite starting earlier than the predicted date. However, the
literature review was started and finished on schedule as predicted. Gathering surveys as a
method of forming requirements had proven to be difficult, with changes occurring in the
original gathering of requirements, a low response rate and participants had to be prompted
consistently to complete the survey. Due to the knockover effect of the requirements, this led
to a later start date of the project artefact (the implementation section) therefore the first
commit was on the 13th January 2023. Furthermore, the decision for the programming
language choice was still being chosen based on the stakeholders needs/preferences.
Despite the setback, testing was completed ahead of schedule due to the agile development
and continuous testing being utilised. The final artefact report (documentation) was written
ahead of schedule (the artefact report had taken 120 days to complete which was written
whilst implementing the system which had allowed for easier following of the iterations).
There were slight disruptions due to ill health which had affected the overall quality of the
artefact produced, these risks were aimed to be kept minimal with the use of continuous
delivery.
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Original Timeline Expectation

[Figure 7.2 - project process expectation]

The Outcome Timeline

[Figure 7.3 - project process outcome]
The requirements were underestimated as the original requirements elicitation strategy was
omitted within 20 days of the process. The data gathered from the previous method was
scrapped and a new one was created alongside the design phase. The requirements
gathering was time-consuming due to the complexity of the finalised elicitation process. The
design, requirements and literature review were all done in parallel as this can all help form a
design which will better enhance the artefacts user interface as secondary and primary
research is being gathered.
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The original timeline does not align with the agile approach but instead follows the waterfall
methodology. In agile, requirements are gathered and developed synchronously to allow for
quick adaptation compared to following a linear approach to development.

Previous Technologies Attempted
Originally the artefact was going to be made using ReactNative. However ReactNative has
limited API availability, as it does not provide built-in support for all devices. Therefore, the
decision was made to use NodeJS due to its wide support for API use. However, if the
system was to be redesigned as solely a mobile application, flutter would be used as it
includes features such as hot-reload and intuitive user interface designs.

The choice of using NodeJS was made as it allows for wider availability on the internet.
NodeJS supports offline downloadable systems which can run as its own application. This
has the ability to use web applications for offline capabilities. This would also support the use
of sending messages, gaining data from the fitbit and receiving reminders or medication.
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Chapter 8 - Conclusions

Overall Conclusion
The overall goal of this project was to support elderly individuals with their day-to-day
activities using website applications. Some features may have limited accessibility as it does
not support certain devices such as the apple watch due to financial constraints this was not
viable to test out when creating the application.

The applications main aim was to communicate essential information over using the website.
This has been achieved through the use of the TwilioAPI when the panic button has been
triggered. This has been configured to one device at the moment and will be configured to
an emergency contact number in the future.

Other features such as reminders and medication notifications were also created for better
user experience, it reminds the user of the date and time of the event. This required the use
of the notification API for both features which reminds the user of what they have inputted.
Furthermore, users are able to generate placeholder data of their fitbit data which will be
developed further to get concurrent real time data to generate.

Limitations to the Application:
The user may require enabling permissions such as notifications and microphone access.
Without this the system may not be fully functional. These features cannot be passed
through without permissions on the web.

Future Works
The application was solely created for the use of a laptop during its development cycle.
However, future works will provide the ability to better access the application using a tablet
device using media queries and adjusting the user interface to fit the users needs. According
to the stakeholders, they would most likely access the application using a tablet device.
Continuous testing will be done on the application when adjustments are made to the user
interface and the agile iterative approach will still be utilised in future.

Furthermore, the apple watch will also be a part of the future works as this will create more
diversity of users to utilise the activity feature. This has been included as a future
requirement as it requires more complexity including the creation of a healthkit enabled
application which uses xcode and swift.

At the moment, the Fitbit API requires the auth0 2.0 token to be implemented with an access
token and a refresh token. Future works will include using real time data instead of
placeholder generated data. This may be particularly useful for the next of kin to see the
users activity levels.
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Reminders and medication notifications will be improved in the future by sending a message
to the user alerting them to take their medication using the TwilioAPI. Furthermore, making
this interactive will be necessary such as asking the user if they have taken the medication
and they can reply with yes or no.

The database will store reminders for the user with real time notifications being sent to the
user as it allows for better maintainability in the future. This is because the website's client
can only support a certain amount of traffic when upscaling. This can lead to better reliability
in the near future.
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