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Abstract — The Hajj pilgrimage being the largest annual mass gathering globally with two to three million
participants from over 180 counties, will remain a high priority for diseases surveillance for future epidemics
or any other international public health emergencies with rapid scalability. This paper highlights the
importance of monitoring mass gatherings during a pandemic and how mHealth applications can reduce
the burden on health facilities during a mass gathering and tackle future infectious diseases outbreaks. The
paper also highlights the importance of developing a user-centred application when designing for a diverse
group of users with a shared purpose. As a result, a framework has been proposed to update the current
applications or design and develop future mobile health applications. The framework has been developed
based on the rationale and evidence found in the literature.
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1. Introduction

According to the World Health Organisation (WHO)
a "mass gathering" is any gathering of people in a
location where the health systems and facilities are
pushed and strained to their boundaries or more [1].

There are currently over 1.8 billion Muslims
worldwide, making "Islam" the second-largest and
fastest-growing religion globally, as reported by Pew
Research Centre [2]. Hajj is one of the five pillars of
Islam, and it consists of visiting the holy city of
Mecca, which is located in the Kingdom of Saudi
Arabia (KSA). In an editorial article on the Bulleting,
WHO stated that the Hajj pilgrimage is the largest
annual mass gathering in the world, with 2 to 3
million adult Muslim participants from over 180
countries in the KSA [3].

In January 2020, WHO announced a Public Health
Emergency of International Concern (PHEIC),
identifying the Covid-19 as a worldwide pandemic. It
is not the first time that a deadly virus has speeded
around the world. We have previously seen SARS
(Severe acute respiratory syndrome) and MERS
(Middle East respiratory syndrome). However, this is
the first time that a virus had a global effect [4]. A
covid-19 mortality analysis by Johns Hopkins
University & Medicine shows that nearly every
county on the planet has been affected by the deadly
virus [5].

This pandemic means that not only are the personal
lives affected by the disease but entire economies
and nations are also affected, including KSA, where
the biggest annual mass gathering takes place. As

a result, one of the most critical questions that had
significant attention in the Muslim world is whether
the KSA authorities would allow the Hajj to take
place on a full scale, reduce scale, or temporarily
discontinue the entire pilgrimage, which originated in
2000 B.C. [6].

Due to the rapid community transmission of the
deadly virus, the authorities responded to the dire
state by scaling down the Hajj pilgrimage to only
1000 participants residing in the Kingdom compared
to the 2.5 million participants in the previous year [7].

Digital technologies advancement in the health
sector, including Big data and artificial intelligence
(Al), have supported and facilitated many countries
around the globe to stop the spread of the deadly
Covid-19 infections [8]. In a digital health laws and
regulations of Saudi Arabia report of 2021 [9], a
range of mobile health applications for the KSA is
recommended. These applications are developed
by leading authorities such as the Ministry of Health.

It is uncertain if the KSA authorities' current mobile
healthcare systems are ready to support the existing
healthcare facilities of the Hajj pilgrimage for a post-
Covid-19 scenario with a full-scale pilgrimage. This
is important because participants are from over 180
counties with different socio-economic
backgrounds, technology capabilities and language
barriers.

The main contribution of this paper is a proposal of
a framework to the Saudi Ministry of Health (MOH)
for designing and developing future Mobile health
applications or updating the current applications to
be more human-centred with an increased user
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experience level and adoption rate based on the
evidence gathered from the literature dating from
2012 to mostly 2021 on topic such as “Mass
gathering health threats”, “Hajj health issues”,
“Mobile Apps during Hajj”, “Saudi mHealth

apps”,“User review analysis”, “persuasive mHealth”
and “Design Thinking in mHealth”.

2. Related Work
2.1 Types of Mass Gatherings and their health
threats

In a systematic review of public health threats in
mass gatherings published by Cambridge University
Press in June 2019 [10], it has been mentioned that
there are mainly three types of mass gatherings
(MGs) taking place around the globe and they are:
1) religious MGs, 2) festival MGs and 3) sporting
MGs. The review aimed to identify and assess the
health threats associated with each type of the MGs
mentioned above. The study was performed on 45
articles out of 1264 references found through the
Web of Science, Medline, and Scopus database.
The main findings of the review are as follows:

1. In the festival-related mass gatherings, the
most common health risk were alcohol and
drugs-related issues.

2. Inthe sporting type of mass gatherings, the
most common health risk identified is
injuries. Alcohol, drugs, and infectious
diseases are other risks identified.

3. In the religious type of mass gathering, the
most common health problem identified was
infectious diseases. In addition,
environment and road traffic-related risks
were also found.

The review concluded by recommending that the
organisers of the mass gatherings assess the type
of the MGs and the health and safety needs of the
participants with the proper planning for the
healthcare facilities critically.

All the findings by the authors are confirmed in a
report by WHO published in 2015 titled "Public
Health for Mass Gathering: Key Considerations [11].
The report aims to provide advice, recommending
methods and frameworks to mass gathering
organisers on  prevention, detection and
management of public health incidents [10].

2.2 Health issues and current health system
during the Hajj Pilgrimage

A research study has reviewed 60 articles on health
issues during the hajj pilgrimage from 2005-2014
[12]. The authors primarily retrieved 335 research
papers from PubMed, a leading and trusted
biomedical and life sciences literature database.
The paper's goal was to provide recommendations
on the policies to prevent the pilgrims' health risks.

The paper's outcome resulted in three categories
using only qualitative analysis: health services,
communicable disease, and non-communicable
disease. The authors reported that respiratory-
related diseases are most common during the
pilgrimage. There is a low satisfaction rate on the
physicians' services, and that special attention is
needed to improve the hajj participants' experience.
It is also reported that more evaluation studies are
required with Saudi's health services during the Hajj
period to make recommendations for improvements.
The paper concluded by stating that the optimal
utilisation of the current Hajj health system's
collected data is yet to be achieved [12].

2.3 mHealth apps by the KSA authorities during
Covid-19

A recent research paper published in 2020, "Digital
response during the covid-19 pandemic in Saudi
Arabia”, highlighted that the KSA authorities
partnered with the private sector companies to
develop and launch approximately 19
platform/applications to support the public
healthcare services during the Covid-19 pandemic.
The authors did not mention if these applications are
an excellent fit to serve the largest annual mass
gathering hosted in the Kingdom for a post-Covid-19
scenario. On the contrary, the authors
recommended reducing the number of mHealth
apps by merging the various features [13].

Another paper also published during Covid-19 in
2020 [13] evaluated the mHealth applications
developed by the Ministry of Health (MOH) for public
use. The study aimed at identifying and
understanding the design of two applications in
particular by evaluating their persuasive features.
Both the applications included in the study were
developed by the MOH. The first is called "Sehha",
a telemedicine application where users can remotely
consult via text, voice message, images and videos
with qualified doctors approved by MOH. The
second app is called "Mawid", which enables
patients to book their appointments, cancel or
reschedule with health centres and hospitals. The
author recommended improving the design and
including persuasive features in the application
published by MOH.

The lack of understanding of the human context by
the app developers and other stakeholders can
result in developing and launching products that will
remain primarily unused and not meeting the project
objectives. The design thinking principles is a robust
methodology that can close the gap by involving the
user needs and feedback throughout the
development of new healthcare systems, especially
mobile healthcare applications [14].



As mHealth applications are becoming a popular
way to motivate users toward healthy behaviour, the
design and inclusion of the functionalities play a
significant role in persuading the public to use those
apps. Therefore, the impact of mHealth apps is
dependent on their adaptability to be acceptable to
various users [13].

An industry report titled "mHealth 2030" by ORCHA,
the world's leading health app evaluation and
advisor organisation [15], discussed that users
would be the principal stakeholder for the failure of
success of the mHealth ventures. In the same
report, an expert comment explains that there are
and will be a surplus number of mHealth apps for the
users to choose from, and not all of them are
developed to keep the user's interest. Therefore,
only the applications that meet the user need will
succeed in the longer run by carefully identifying and
including the unique selling points (USP), making
regular updates and most importantly, integrating
persuasive design as we see in the gaming industry
[15].

3. proposed framework

Our proposed framework to design, develop new
mHealth applications for the Hajj pilgrimage consists
of using sentiment analysis for detecting the user
experience state on the current apps developed by
KSA and the Persuasive System Design (PSD)
framework within the British Design Council's
Double Dimond methodology to influence, reinforce
or change health-related behaviours or attitudes of
users during the Hajj pilgrimage.

British Design Council’'s Double Dimond Methodology
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Figure 1: Proposed Framework
3.1 British Design Council's Double Dimond

The Double Dimond method works in a way that
both designers and non-designers can understand
the processes. They represent a process of
exploring the problems with a broad view called
"diverging thinking" and then taking focused actions
called "convergent thinking" [16]. The reason for

selecting this methodology in the framework is the
fundamental characteristic of its human-centred
approach. This is a collaborative way between
designers and other stakeholders such as users in a
co-creation or co-participatory setting, shifting the
attitude from designing "for users," which is the
traditional app development process, to a human-
centred approach of designing "with users"[14].

There are mainly four phases in this methodology:

1. Discover: In this phase, designers need
to address the problem and understand them
clearly. In the context of the Hajj, a question could
be "how do | design and develop an app that tracks
pilgrims, preventive measures and monitors
diseases for users with different socio-economic
backgrounds, languages and technology
capabilities”. Authorities should recruit diverse
teams of experienced pilgrims from various
countries when carrying primary research through
surveys, observations, and user diaries. This is
because experienced pilgrims know the Hajj rituals
at best, and they are also familiar with the locations
and the health implications. In the secondary
research, the authorities should extensively study
the Hajj statistics yearbook, where a detailed
breakdown of the pilgrims' demographics is given.
Other relevant secondary research can be carried
out once the participants' countries are identified.

2. Define: This phase is where all the
unstructured research findings get refined through
in-depth research tools such as focus groups and
user journey mappings.

3. Develop: This phase is where ideas are
brainstormed on clearly defined problems from the
previous phase. It is suggested to seek inspiration
from successful mHealth applications from other
countries and co-design with the recruited people
from the earlier phases.

4. Deliver: This phase is where small scale
solutions are developed and tested out with a set of
users for collecting essential data such as user
acceptance rate etc. This stage is highly iterative, so
it is not a linear process.

3.2 User Reviews Sentiment Analysis

Sentiment Analysis (SA) is a data mining technique
used to analyse social media, political campaign, or
product reviews data, to name just a few. This is a
key indicator of wuser satisfaction and user
experience [17]. SA is a process that uses artificial
intelligence (Al) to assign a negative (-1) value or a
positive value (+1) to a piece of text. An example
would be "the app is well designed, but it keeps
crashing". SA has the potential to analyse and filter
out subjective opinions of users from an app review
section. The most crucial benefit of this technology
is the ability to find out the user sentiments through
subjective words such as "awesome", "great",



"lifesaver", "useless", ‘"crushing", "confusing",
"pointless”, and so on. [18].

We propose to embed SA in the double diamond's
discovery phase along with other designer tools
where the design team performs primary and
secondary research. Therefore, analysing the
publicly available user reviews of the existing apps
developed by the KSA can give valuable insights
into the current state of the user experience.

3.3 Persuasive Systems Design Framework
(PSD)

The PSD is a framework developed to design and
evaluate persuasive systems [19]. For an
application to be persuasive, it is vital to analyse the
use context of the system. In this case, it is the Hajj
pilgrimage. It is also essential to understand the role
of the persuader (Ministry of Health) and persuadee
(Hajj participants), their communication channel,
and what content is being communicated. Moreover,
the design and the innovation team should analyse
users' needs, motivations, technical abilities,
personalities, and interest, among many other
factors [19].

The PSD framework consists of a checklist of 28
design principles in four categories based on
activities a user is set to accomplish, as shown in
Table 1

Table 1: PSD Design Principles Checklist [19].

Primary Task Dialogue Social System
Support Support Support Credibility
Support
Reduction Praise Social Trustworthi
learning ness
Tunnelling Rewards Social Expertise
compariso
n
Tailoring Reminders | Normative | Surface
influence credibility
Personalizati Suggestion | Social Real-world
on facilitation feel
Self- Similarity Cooperatio | Authority
monitoring n
Simulation Liking Competitio | Third-party
n endorseme
nt
Rehearsal Social role | Recognitio | Verifiability

n

As discussed in the related work section, WHO
highly endorses the human-centred approach when

designing mobile healthcare applications [20].

In Figure 2. we can see that the Persuasive System
Design has been embedded within the British
council's double diamond's third phase (develop).

As illustrated in Table 1, the inclusion of any relevant
principles will be beneficial when brainstorming
ideas for prototyping mHealth applications [21]. As
an example, a Minimum Viable Product (MVP)
would adhere the trustworthiness, and authority
principles from the Table 1. by including truthful
information by authoritative figures such as Ministry
of Health or WHO.

CONCLUSION

This paper presents the preliminary findings from the
literature on the importance of mass gatherings
during a pandemic and how mHealth applications
help the health facilities in mass gatherings. We also
discussed the importance of developing a user-
centred application when designing for a diverse
group of users with a shared purpose. Findings
included the endorsement of a user-centred
approach for mHealth application from the WHO and
research papers in prestigious journals. This paper
proposed a new theoretical framework for the KSA
authorities to facilitate the design and development
of future mHealth applications. The framework has
the potential to improve the user acceptance rate
and engagement level, which currently lacks in
mHealth apps in the context of the Hajj pilgrimage.
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