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Abstract

Most people use mobile apps every day for a variety of purposes, including
reading the news, checking social media, and shopping. Thus, these mobile
apps must be thoroughly tested so that we can trust them to behave as in-
tended when used in the field. The purpose of this study is to collect and ana-
lyze non-functional requirements (NFRs) for mobile apps from four perspec-
tives to determine the success and quality of the applications from the per-
spective of usability, reliability, performance, and supportability. By focusing
on these aspects of application development, developers can create applica-
tions that are consumer-friendly, reliable, fast, and easy to maintain, thus in-
creasing user satisfaction and ensuring the long-term success of their prod-
ucts. According to the results of this study, of the 27 mobile applications that
had been collected from the literature, 16 were able to meet the usability NFR,
seven were able to meet the reliability NFR, 14 covered the performance NFR,
and three were able to meet the supportability NFR. At the same time, three
were unable to meet any NFRs. The results of the study showed that mobile
application developers focused more on usability and performance than relia-
bility and supportability. In contrast, reliability and supportability were used
by a smaller percentage of developers in their development process.
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1. Introduction

Apps are software applications specifically designed for use on small, wireless
computing devices, such as smartphones and tablets, and are not meant to be used
on large, stationary computers such as desktops and laptops [1]. A mobile appli-
cation (mobile Apps) can be categorized by whether it is web-based or native, de-
pending on whether it is explicitly designed for a given platform or created from
the ground up for that platform. Another type of app is a hybrid app, which is a
combination of native and web apps [1]. It is critical to understand that functional
and non-functional requirements (NFRs) play a crucial role in ensuring the prod-
uct meets business requirements, such as speed, compatibility, localization, and
capacity. According to [2], the mobile application lifecycle consists of four phases
as shown in Figure 1. Each phase has several requirements, such as functional and
non-functional requirements. Non-functional requirements (NFRs) play a crucial
role in ensuring the success and satisfaction of mobile applications. These require-
ments go beyond the functionality of the app and focus on aspects such as usabil-
ity, reliability, performance, and supportability. Understanding the consequences
of analyzing functional and NFRs of mobile apps is essential for developers, de-

signers, and stakeholders involved in mobile application development.

Requirement Wire framing Application Design Application Testing
Specification & Bulid & Final Delivery
- Gather «. - Conceptualize . -Define Application | - Perform System
requirements Application Development & Testing
* Create = UI Concept Creation Deployment - Support User
Requirements - UI Specification paradigms Acceptance Testing

Specification

- Design data models

« Deploy Application

document & sync mechanism and provide Post

« Design Security Implementation

Framework Support
- Define Code

Review Mechanism
« Build & Unit Test
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Figure 1. Mobile application lifecycle [2].

Hence, the purpose of this study is to analyse the four common NRFs of mobile
Apps, which are usability, performance, reliability, and supportability, and to ex-
amine them in depth. The literature review method is used in this study. Thus, 27
mobile apps were collected and analysed based on the four NFRs of usability, per-
formance, reliability, and supportability. Consequently, the authors found that 16
of the apps could meet the usability NFR, seven were able to meet the reliability
NEFR, fourteen covered the performance NFR, and three were able to meet the

supportability NFR. At the same time, three were unable to meet any of the NFRs.
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According to the study results, mobile application developers place a greater em-
phasis on usability and performance than reliability and supportability in the de-
velopment process. In contrast, a smaller percentage of developers prioritize reli-
ability and supportability in their development process. The definitions of usabil-
ity, performance, reliability, and supportability are as follows:

1) Usability: This refers to how easily and intuitively users can interact with the
mobile application. It encompasses aspects such as ease of learning, efficiency of
use, memorability, error prevention, and user satisfaction. A highly usable app is
easy to navigate, understand, and use for its intended purpose.

2) Performance: This relates to the responsiveness, speed, and efficiency of the
mobile application. It includes factors like loading times, processing speed, re-
source consumption (battery, memory), and the ability to handle a high volume
of users or data without degradation in service.

3) Reliability: This concerns the ability of the mobile application to perform its
intended functions consistently without failure. It involves aspects like stability,
accuracy, fault tolerance, recoverability, and the ability to maintain performance
under various conditions.

4) Supportability: This refers to how easily the mobile application can be main-
tained, updated, and adapted to changing requirements or technologies. It encom-
passes factors like maintainability, testability, scalability, portability, and the avail-
ability of documentation and support resources

This article is structured as follows: the related works are discussed in Section
I, and the methodology is presented in Section III. The results and discussion are
displayed in Section VI, whereas the conclusion and future work are discussed in
Section V.

2. Related Work

In the literature, there have been several models of mobile apps proposed for var-
ious purposes. The authors in [3] studied the usability of mobile applications within
virtual environments based on several criteria, including the amount of time it took
to complete the tasks, the number of errors the users made as well as the effective-
ness and efficiency of their task completion. The authors in [4] conducted an em-
pirical study, using a set of measures to assess the usability of mobile applications
that are run on different mobile operating systems. A previous study, conducted by
[5], aimed to determine the most essential characteristics that define mobile appli-
cations, to facilitate the delivery of practical, outstanding, and user-friendly mobile
apps that meet the needs of users. According to [6], a systematic literature review
was conducted to identify and collect the required evidence regarding the auto-
mated testing of mobile applications. Measuring the usability of a computer pro-
gram requires considering three factors, namely effectiveness, efficiency, and satis-
faction. The researchers at [7] designed a new usability model, namely, placing peo-
ple at the centre of the mobile application development process. Additionally, they

reviewed specific mobile applications to particular fields of study as well. Several
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mobile applications have been developed by the authors, including those that can
be used to monitor the symptoms of heart failure [8], cardiology [9], and diabetes
[10], among others, according to a study carried out by [9], seven different strategies
can be used when estimating and selecting applications related to health.
Furthermore, mobile applications are employed in the education sector, espe-
cially for the purpose of teaching/learning language [11] [12], m-learning [13] [14].
There are also smartphone applications that are used by undergraduate students
[15]. Some applications exist for supporting the children suffering from autism
spectrum disorders in a way to improve their capacities for understanding, inter-
acting, and communicating with others with the use of the Arabic language [16].
Some other researchers have examined the role mobile applications in tourism
[17] [18] and spiritual/religious services [19] [20]. Nevertheless, the literature
lacks the review of mobile applications in terms of their use in process related to
pilgrimage. Furthermore, several scholars have designed different mobile applica-
tions applicable to various Hajj and Umrah services. Several master’s dissertations
have been carried out on creating mobile applications that can guide Malaysian
pilgrims [21]-[25]. In a masters’ thesis, [26] proposed augmented reality aiming
to guide pilgrims. In the studies of [26] [27], some mobile applications were de-
signed, helping pilgrims to read Hajj and Umrah prayers and translating them
into the pilgrims’ native language. A new framework was suggested by [28], which
serves as a crowd-sourcing platform defining the pilgrims’ needs. It employs mo-
bile sensory data and, this way, defines the users’ contexts. The framework was
employed for the development of a mobile application that could be used in nu-
merous spatio-temporal services. In addition, [29] designed a mobile application
serving as a dictionary for pilgrims who speak the Malay language. It has the ca-
pacity for translating three languages, ie., Malay, Arabic, and English, to each
other. The authors [30] suggested the utilization of a mobile phone for tracking
purposes. This strategy could aid the guides (Mutawwif) of pilgrimage groups in
recognizing their movements and determining their locations. A dynamic signage
system was designed by [31], which can be used as a mobile application that in-
forms pilgrims regarding the crowd status around the Holy Ka’bah. Pilgrims can
use this application to automatically count the number of Tawaf rounds per-
formed. Another mobile application was designed by [32], which is capable of
guiding pilgrims when doing Umrah. It can also serve as Tawaf counter and loca-
tion tracker. The authors in [33] introduced a service for identifying exact location
in Hajj. It was able to gather information about the pilgrims’ locations to be used
in identifying and tracking them. In another research, [34] offered a mobile trans-
lation application for the facilitation of communication among pilgrims. The ad-
vantage of this application is that it is accessible in numerous languages and uses
technologies that recognize both text and voice to help pilgrims to correctly trans-
late the target words. The “Al-Hajj” is a mobile application introduced by [35],
helping pilgrims understand Hajj-related deeds. It can exhibit four interactive fea-
tures, ie., map, checklist, motivational messages, and contact list. The authors

[36] investigated how smartphone apps could be utilized to conduct surveys. They
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concentrated upon the collection of relevant data and information during mass
gatherings. This can significantly enhance public health through the reinforce-
ment of the knowledge associated with disease prevention. An analytical research
was carried out by [37] into the mobile applications related to the Hajj practices,
which are offered on Google Play. The applications identified in this regard were
analysed with considering the following criteria: supported languages, offered ser-
vices, installation rates, and repetition of the services and names of the applica-
tions. The authors [38] developed an integrated classified model that illustrates
mobile app usability from the high-ranking stage of “usability standards” to the
middle level of “usability elements” to the comprehensive level of “usability ele-
ments” to evaluate the usability of present mobile apps from diverse classifica-
tions. [39] investigated the quality aspects that inspire students and lecturers’ us-
age of the Elearning. ZUJ mobile application at the Al-Zaytoonah University of
Jordan. Additionally, the research revealed how well the quality aspects fit the de-
sires of students and lecturers who applied the application during the academic
year 2020 - 2021. The authors in [40] applied the fuzzy TOPSIS method to choose
high-value and user skills of mobile education products for mathematics. They
recognized the issues that are damaging the use of mobile mathematics education
applications and proposed solutions to deal with such issues. The authors in [41]
investigated how gamification may encourage user action and encouraging mar-
keting results. They supplied several abstract and functional effects that can assist
designers create more efficient gamified mobile apps. The authors in [42] identi-
fied stakeholder opinions on essential conditions for introducing mobile health
schemes and appropriate consequences regarding reasonable and cost usefulness
of effective mobile health schemes. The authors in [43] proposed and evaluated a
novel hybrid model to examine the behavioural aims of young customers to utilize
mobile apps. The authors in [44] introduced an emergency model of operating
factors of consumer appointment in the context of selling mobile apps. The pro-
posed model improved the existing literature of consumer commitment manage-
ment that has been getting power lately within the field of online benefit study.
The researchers in [45] introduced usability research that seeks to create a con-
sistent, flexible, complete scale for categorization and measuring the features of
health products.

On the other hand, several studies have discussed cybercrime, which may affect
the privacy and security of the data in the mobile apps and their database [46]-
(67].

Existing literature features a wide range of mobile apps for purposes like healthcare,
education, tourism, and religious services. Research has examined usability mod-
els, automated testing methods, and domain-specific frameworks such as lan-
guage learning and Hajj pilgrimage. However, there is a notable gap in the com-
prehensive review of these applications’ non-functional requirements (NFRs), es-
pecially regarding usability, reliability, performance, and supportability, along
with some analysis of the related studies’ work. This paper addresses this gap by
analyzing the NFRs across various mobile applications and industries. By empha-
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sizing these critical quality attributes, the study aims to provide valuable insights
for developers, designers, and stakeholders, fostering the development of more

robust, user-friendly, and maintainable applications.

3. Methodology

To accomplish this objective, this study uses the literature review method [68] to
go through all the different resources and collect and discover the mobile apps. In
order to gather mobile app articles from different resources, five search engines
have been identified in order to gather the articles. There are three keywords used
in this study: “Mobile Apps”, “Mobile Applications” and “non-functional require-
ments”. The searching period identified from 2015 - 2024. Also, the inclusion and
exclusion criteria are identified and listed as shown in Table 1. Then, based on the
identified search rules, the data was gathered from the common search engines
via the identified search engines. Based on the results of the search engines, there
were 2091 articles found. Based on the criteria listed in Table 1, the 2091 articles
gathered are filtered based on the inclusion and exclusion criteria, and then 27 arti-
cles for this study have been selected based on those criteria as shown in Table 2.
Figure 2 displays the methodology used.

Table 1. Summary of gathering data from common search engines.

. Total . - . .
Search Engine Keywords . Inclusion criteria Exclusion criteria
articles
IEEE Xplore 250
P “Mobile Apps” Includi I We excluded only
obile s”, ncluding on ;
Scopus « i ,pp o 390 ) gony articles that didn’t
. Mobile Applications articles related to .
Web of Science « ) 150 ) have anything to
and “non-functional mobile apps and do with mobil
: o with mobile
Springer requirements”. 301 NFRs.
apps and NFRs.
Google Scholar 1000
A £ - - ‘ﬁ\\
Identifying search { A
gsearch | . » ]
engines "\ ,/'

b4

~ -
.............

.............
o -

i \‘\

- ldentifying keywords e 3

- Identifying inclusion and exclusion criteria ’> ‘\\ ) _/’
Gathering data :"‘ \‘\

p  CemEmmBGeta o » Y
& . /

.............
o -,

Filtering data

i s
£ N
Analysing filtered data  |-.__ ,{‘ //}

‘\

Figure 2. Adapted methodology.
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Table 2. Selected mobile apps.

Non-functional Requirements
ID Year Ref

Usability ~ Reliability Performance Supportability

1 2007 [11] 3 ] ] 3]
2 2009 [19] o ] o o
3 2009 [20] M M | M
4 2011 [10] ] ] ] 3]
5 2011  [22] ] 4] o o
6 2011 [24] o ] o =
7 2011  [31] ] 3] ] 3]
8 2012 [27] o o £3]
9 2012 [28] ™ [x [x]
10 2012 [29] M [x] [x] [x]
11 2013 [5] M [x]
12 2013 [25] ™
13 2013 [30] 3 = = =
14 2014 [17] 3] 3] o 3]
15 2015 [4] ]
16 2015  [14] ] = o =
17 2015 [21] o
18 2016 [2] 4]
19 2016  [6] £3] = = =
20 2016 (8]
21 2016 [18] 3 o
22 2016 [32] £3] o E3)
23 2016 [33] [x] 4]
24 2016  [34] F3] o 3]
25 2017 [9] 3] 3 o =
26 2017 [44] ™ [x]
27 2018  [35] o 3 E3]

Based on the mobile apps collected from the literature review, we obtained 16
out of 27 mobile apps that covered the usability NFR, 7 out of 27 mobile apps that
covered the reliability NFR, 14 out of 27 apps that covered performance NFRs,
and finally three out of 27 apps that covered supportability NFRs, whereas three
out of 27 mobile apps no covering any NFRs. According to this analysis, most of
the mobile Apps developers focused on the usability, and performance NFRs,
while the reliability and supportability NFRs were the less used by the mobile Apps
developers in their development process. Figure 3 displays the usage of NFRs
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among mobile Apps developers.

NON-FUNCTIONAL REQUIREMENTS (NFRS)
18
16
14
12
10

o N B O

Usability Reliability Performance Supportability

Figure 3. NFRs among mobile Apps developers.

According to this analysis, most of the mobile Apps developers focused on the
usability, performance, and reliability NFRs, while the supportability NFR were
the less used by the mobile Apps developers in their development process. The
usability NFR refers to how easy and intuitive a mobile App is to use. Developers
prioritize this NFR to ensure that users can easily navigate through the mobile app,
find the information they need, and complete the desired tasks. By focusing on
usability, developers aim to create a seamless and enjoyable user experience. Per-
formance is another critical NFR that mobile developers consider. They ensure
that a mobile apps responds quickly, loads data efficiently, and runs smoothly on
different devices and network conditions. By optimizing the app’s performance,
developers aim to maintain a smooth and responsive user experience, regardless
of external factors. Reliability is another crucial NFR that mobile developers pri-
oritize. They ensure that a mobile apps consistently delivers the expected results
and does not experience crashes or errors. By thoroughly testing the app and im-
plementing robust error handling mechanisms, developers aim to maintain a high
level of reliability, ensuring users trust the App and rely on it for their daily tasks.
In contrast, supportability was found to be the less used NFR in the mobile apps
development process. Supportability refers to how easily a mobile apps can be
maintained, updated, and integrated with other systems. While developers under-
stand the importance of supportability, they may focus more on the immediate
needs of a mobile app’s functionality rather than long-term maintenance.

Thus, most of the mobile apps developers emphasized usability, performance,
and reliability as key NFRs during development. While supportability was consid-
ered important, it was generally less prioritized compared to the NFRs, likely due
to its focus on long-term maintenance and integration.

In contrast, the 27 mobile apps that were included in the survey covered a vari-

ety of industries. There were some of these models that dealt with the health sec-

DOI: 10.4236/jcc.2025.138013

267 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2025.138013

F. M. Ghabban, W. Ghaban

tor, some that dealt with the education sector, and so on. Table 3 displays the
outcome, methodology and variety of industries which covered by the 27 mobile

apps. Furthermore, each mobile apps of the 27 has advantages and disadvantages

as shown in Table 4.

Table 3. Existing mobile apps from the outcome, applied method, and focused perspectives.

Ref

Outcome

Applied Method

Focused

Integrated framework that combines the concepts
[11] from e-learning and mobile connectivity into
application environments for mobile learning.

An application of mobile Hajj guide for Malaysian

E-learning methods

Education sector

[19] pilgrims Spiral development method Malaysian pilgrims
Mobile Application that can be interacting with
[20] customers by using wireless application protocol Waterfall Methodology Malaysian pilgrims
technology
Design Sci h Technology-Centred
[10] Mobile application for the language learning e51gn. cTence approdc echnology-Lentre
(qualitative approach) Concepts
[22] Mobile Application for Hajj and Umrah Waterfall Methodology Malaysian pilgrims
[24] Proposed mobile pilgrim assistant prototype Design science research Religious section
Developed a system for pilgrim tracking and
[31] identification during Hajj in the Holy area Design science research Religious section
using a mobile phone
P d dicti t ted pilgrims t ist
roposed dictionary targeted pi grlms. o. assis Generic waterfall N .
[27] them to understand more about the principles of Religious section
o methodology
pilgrimage
[28] Developed pilgrims tracking application Design science approach Religious section
User-centred desi
[29] Mobile Application Approach ser-centred design Religious section
approach
Technology-Centred
[5] Designed a novel usability model, namely Literature review and DSR echnology-entre
Concepts
[25] Proposed A mobile Dua and Zikr Application Prototyping Approach Religious section
o Internet and smart phone . .
[30] M-Umrah application . Religious section
technologies
[17] Methodological framework a systematic study Religious sector
temati i d Automati bil
[4] Automated testing of mobile applications Sy emz.i 1c. mapping an. utomation mobiie
systematic literature review apps
Application for Auti trum disorder for th
[14] ppiication for Autism spectrum disorder for the systematic literature review Autism for Children

children

[21] Proposed Mobile Augmented Reality application

[2]
[6]

(8]

Empirical framework

Evaluation Framework

Diabetes applications

Qualitative method
Qualitative method
Systematic method

A systematic and exhaustive
critical review

Religious sector
Usability

Health sector

Health sector
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Continued

Religi d Spiritual

[18] Mobile spiritual applications Qualitative study cliglous and spiritua
Sector
[32] A mobile translation application for Hajj Prototyping Approach Religious Sector
[33] “Al-Hajj” mobile application Prototyping Religious Sector
[34] Mobile application to prevent disease Surveys Healthcare sector
Checklists, methodological

[9] Mobile applications for education frameworks, and Second Education sector

Language Acquisition (SLA)

Table 4. Advantages and disadvantages of mobile apps.

Ref

Advantages

Disadvantages

(11]

(19]

[20]

(10]

[22]

(24]

(31]

(27]

(28]

Provided a better understanding on the role of
mobile technology in higher education

Provide a flexibility and easy way to the Malaysian
pilgrims to access anytime for their Hajj enquires.

Provide a flexibility for Malaysian pilgrims to find
information about hotels, streets, and restaurants
during Hajj

Ilustrated the state of language learning
applications, the devices they can be applied to,
and how they are developed.

Assist pilgrims read Hajj and Umrah prayers and
understand their meanings by translating them
into the language of the pilgrims

It has provided high-quality services to pilgrims to
ensure their safety during Hajj by avoiding
problems. Makkah must catch up with
technological city development due to its special
status and the annual crowding and congestion

in the city.

It was able to gather information about the
pilgrims’ locations to be used in identifying and
tracking them

This study tried to introduce simple solution that
might be used to minimize pilgrims’ need to
somebody else to help them.

The system is more flexible since the system caters
to a wide range of age groups, including children,
youth, and the elderly. There are still some
constraints on the system, however.

Due to the little sample size and restricted functionality
of proposed application, this study cannot generalize the
findings for all m-learning systems environments

Inability to provide time for pilgrims to do online
search, and inability to provide pilgrims with the
enquiry services in case of any question, and not being
uploaded on the internet.

Used only for the Malaysian pilgrims.

It's restricted for education sector only.

Used only for the Malaysian pilgrims, where

It lacks generalization. It focused only on the Arabic
language

The tracking signal may get missing or damaged inside
the big constructions

It prepared only for Malay language

There is a possibility that the tracking signal could get
lost or weakened within the building
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Continued

[29]

[5]

(25]

(30]

(17]

[4]

(14]

[21]

[2]

Informs pilgrims regarding the crowd status
around the Holy Ka’bah. Pilgrims can use this
application to automatically count the number of
Tawaf rounds performed.

The people who play an important role in the
development of mobile applications

Allow pilgrims read Hajj and Umrah prayers and
understand their meanings by translating them
into the language of the pilgrims

It is permissible for pilgrims to perform Umrah.
In addition to serving as a Tawaf counter and a
location tracker, it can also be used for other
purposes. Additionally, we are educating and
training Hajj pilgrims and Umrah pilgrims who
are performing Umrah as part of their pilgrimage
of worship. Providing a complete guideline and
procedure to help individuals perform Hajj and
Umrah according to Sunni principles to achieve
Umrah mabrur when they perform Hajj or
Umrah.

Several different types of religious apps are availa-
ble within the iTunes app store, each one with a
different design function related to its primary
purpose. In this study, a systematic study of all the
religious apps available on the iTunes store is used
to provide a nuanced classification of those
currently available.

In order to automate the app testing process, there
are two major challenges, the first is developing an
appropriate set of test cases and the second is
selecting appropriate testing devices.

It was the purpose of this presentation to present
a usability evaluation of Arabic applications
intended for children with autism spectrum
disorders (ages 3-12), teachers, parents, and peers
who do not have autism spectrum disorders.

Providing direction to lost pilgrims and assisting
the Hajj authorities (staff and operators) with
pilgrim movement between the ritual places.
Additionally, it would alert the group guide to lost
pilgrims and send them their location
information.

Conduct a usability test on Android, iOS, and
Symbian mobile applications.

Losing track of the rounds’ during Tawaf
There is a need for further research into the usability of
the proposed model

The application proposed as guidance, however, it lacks
generalisation.

This application is limited for the Malaysian hajj and
umrah pilgrims.

Focused on religious apps

Only test automation is the focus of the study. A further
limitation of their study is that no clear inclusion/
exclusion criteria were included, resulting in biased
selections.

The application supports only Arabic and emphasizes
verbal communication in local dialects

Focused on Hajj sector only

The company is only focused on three operating
systems (Android, i0S, and Symbian) now
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Continued

[6]

(8]

(18]

(32]

(33]

(34]

[9]

It is important to apply a rigorous methodological
approach to the evaluation of apps and to use the
MARS rating scale for evaluating apps.

There are very few diabetes apps available for the
Arabic speaking population, which was
successfully revealed by this study.

Aid adults in reading and understanding Quran
forms.

Communicate easily between pilgrims who speak
different languages. Utilizing text and voice
recognition technology, this application allows for
the translation of the target words in a variety of
languages

Allow pilgrims to understand Hajj-related
activities.

Gathering relevant data and information during
mass gatherings, which reinforce knowledge
associated with disease prevention and
contribute to improving public health.

Insisting that all factors should be considered
when evaluating an app could be misleading since
apps are designed to serve different purposes for
different learners.

Focused on evaluation mobi8loe Apps

Our investigation focused only on Android and iOS
operating systems; Microsoft and Blackberry were not
studied due to limited adoption and usage in the MENA
region. Due to their functions and high probability of
adoption, diabetic apps that focused on diabetes and
were in the Arabic language were the only ones studied.

This study has no reviewed mobile applications for
pilgrimage.

It’s specific for religious sector.

It’s specific for religious sector.

It’s concentred on the public health sector

Lack of comprehensive techniques which help
in learning

4. Discussion and Analysis
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Figure 4. The diversity of the coverage provided by 27 mobile apps for the NRFs.
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The purpose of this section is to provide a deep discussion and analysis of the
study. Developing a mobile app is a crucial stage that requires empirical research
to determine the development requirements. During the study, 27 mobile apps
derived from such NFRs were collected and analyzed. Based on the results of the
study, some of these apps covered whole NRFs, some covered partial NRFs, and
some didn’t cover any NRFs at all. As a result of the study, most of the mobile
apps analyzed were focused primarily on usability and performance requirements.
Figure 4 shows the diversity of the coverage provided by 27 mobile apps for the
NREFs.

Figure 4 shows that the developers of the mobile app focused primarily on the
usability requirements and subsequently on performance requirements when it
came to developing the mobile app. This decision was driven by a strong motiva-
tion, which was the need to develop an app that would be user-friendly and effi-
cient, that would improve user satisfaction, increase user retention, optimize per-
formance, and gain a competitive edge in the market. App development can be
very successful when developers pay equal attention to usability and performance.
By doing so, they can create an app that meets their users’ expectations and re-
mains relevant. This is in a market where mobile apps are constantly changing to
remain relevant.

Nevertheless, most of the developers, as well as the majority of the authors, have
not addressed the supportability requirement sufficiently, and only three of them
have done so. It appears that this crucial component was ignored or neglected
during the development process, which suggests that they overlooked or neglected
it. In this case, it means that little attention was given to the requirements for the
product’s supportability, which means that nothing was done to ensure the prod-
uct’s long-term viability or to ensure that it can be maintained over time. Support-
ability is a crucial component of maintaining and updating software systems, and
if this aspect is overlooked, there could be significant consequences for the
product's stability and usability. Supportability must be prioritized and under-
stood by developers as a key factor for ensuring the successful implementation of
a product and its continued maintenance over the long term.

Functional requirements define whata mobile application does-the specific fea-
tures and functionalities it offers to the user. These are typically described in terms
of actions the system should perform, such as user login, data input, transaction
processing, or information retrieval. Functional requirements are often the initial
focus of development, as they form the core value proposition of the App. Without
robust functional features, the App can’t deliver on its intended purpose, regard-
less of its performance or usability. Therefore, developers often prioritize the im-
plementation of these features to establish a working product as quickly as possi-
ble.

However, non-functional requirements (NFRs) determine how well the App
performs these functions. They include qualities such as usability, reliability, per-

formance, security, and supportability. While the App might technically fulfill
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what it’s supposed to do (meeting the functional requirements), poor NFRs can
significantly harm the user experience and ultimately harm the App’s success. For
example, an e-commerce app with a detailed product catalog (functional) but slow
loading times and frequent crashes (poor NFRs) will likely frustrate users and re-
sult in low conversion rates. Ignoring NFRs and focusing only on functional fea-
tures is a common mistake that can lead to a technically correct but practically
unusable or unsustainable application.

Ultimately, a successful mobile app requires a careful balance between func-
tional and non-functional requirements. While functional requirements define
the App’s core capabilities, NFRs determine its overall quality, user satisfaction,
and long-term viability. Ideally, development teams should consider both aspects
simultaneously, refining both the features and qualities of the App throughout the
development process. Focusing on only one at the expense of the other can result
in a subpar product that does not meet user expectations or achieve its goals. This
integrated approach ensures that the App is not only functional but also enjoyable,
reliable, and easy to maintain. Table 5 NFR Prioritization and Potential Driving

Factors.

Table 5. Observed NFR prioritization and potential driving factors.

Observed Prioritization

FR

(High/Low)

Potential Driving Factors

Usability

Performance

Reliability

Supportability

High user demand for intuitive, easy-to-use apps, coupled with
High competitive pressure to deliver a positive user experience. Usability

testing methods are readily available, allowing immediate influence
on user adoption and retention.

User expectations for speed and responsiveness, combined with

High competitive pressure to provide a seamless experience, highlight
the importance of visibility into performance issues like crashes

and slow loading times, which directly affect user satisfaction.

Underestimating the long-term impact of bugs and crashes, coupled
L with pressure to deliver features rapidly, often results in less direct user
ow

feedback on reliability issues compared to usability or performance

concerns. These issues may be viewed as “fixable later.”

Emphasize short-term gains and feature delivery, while recognizing the
L challenge in quantifying supportability ROI. There is limited awareness
ow

of long-term costs associated with poor maintainability, combined with

pressure to reduce initial development expenses.

5. Conclusion

A variety of mobile apps are used every day by most people, including news apps,
social media apps, and shopping apps. To ensure their reliability when used in the
field, these mobile apps must be thoroughly tested. Usually, manual testing for

mobile apps is extremely cost-prohibitive because it involves human effort in de-

DOI: 10.4236/jcc.2025.138013

273 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2025.138013

F. M. Ghabban, W. Ghaban

fining tests and checking results, which can take a considerable amount of time.
Developers must therefore conduct empirical studies on how nonfunctional re-
quirements are treated by developers in mobile app development, and how they
compare to functional requirements. According to this study, we examined the
non-functional requirements (NFRs) of mobile apps from four perspectives: the
usability of the mobile App, its reliability, its performance, and even its supporta-
bility. A survey of 27 mobile applications collected revealed that 16 out of 27 cov-
ered the usability NFR, 7 out of 27 covered the reliability NFR, 14 out of 27 cov-
ered the performance NFRs, and 3 out of 27 covered supportability NFRs; how-
ever, three out of 27 mobile apps did not meet any of the NFR criteria. As a result
of this study, it has been discovered that mobile app developers focus primarily
on usability and performance, while reliability and supportability are less deeply
integrated into the process of developing apps for mobile devices. In the future
work of this study, we will be analyzing mobile applications from the functional
requirements and comparing them with our results, as well as developing a com-
prehensive framework that incorporates full functional requirements and non-
functional requirements into a single framework that can be applied to mobile
applications. Additionally, the primary study should include efforts to capture the

latest trends and advancements in mobile app development.
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