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Abstract: Bahrain still suffers from electronic solid waste annually due to ineffective waste disposal
management. Compated to other Gulf Cooperation Council (GCC) countries, Bahrain generates the
largest waste quantity per person, approximately 1.2 to 1.8 million tons of hazardous waste annually.
Therefore, the present research article aims to manage the e-waste discarding mitigation by arranging
the waste collection, presenting it for sale/purchase/donation (C2C, C2B, B2G), and organizing the
waste recycling process. Derived from this aim, the article explores the e-waste phenomena and pro-
poses the development of an e-waste mobile application named “Athar”. The significance of “Athar”
lies in firstly, enabling citizens to live in a clean environment with limited diseases. Secondly, assisting
the Ministry of Tourism attract more tourists. The research article embraces a seven-phased Agile-
based SDLC method to analyze, design, implement, test, and evaluate Athar through the utilization of
several research techniques, including questionnaires to collect user and system requirements, other
techniques such as data flow diagrams, entity relationship diagram, database schema, etc. for the system
design, OutSystems programming language to implement the mobile app, and one questionnaire based
on Nielsen heuristics for usability evaluation. Findings demonstrate the adequacy of the Athar appli-

cation with an outstanding usability score of 89.1%.

Keywords: Agile-based SDLC model; Bahrain; E-waste; Managing Mobile application; OutSystems;
Recyclizing,.

1. Introduction

On the one hand, the whole wotld has witnessed a dramatic increase in the use of tech-
nology, including the generated quantity of electronic solid waste. On the other side, Bahrain
still suffers from an increase in electronic solid waste because of the weak disposal manage-
ment considering its small and limited size of 786.5 KM? and 1,493,654 population[1], [2].
Bahrain has the greatest population density in the whole Gulf Cooperation Council (GCC)
and is considered one of the wotld's top trash producers. This phenomenon has become a
significant topic of discussion in solid waste field in the last few years.

Several literature analysis methods, including systematic literature review (SLR), web
content analysis (CA), questionnaires, and interviews, have been used throughout this re-
search project. The SLR reduces the likelihood of making inaccurate or deceptive findings
due to biases in original research or biases resulting from the review process, which makes
them so strong|3]. Using content analysis, researchers may quantify and examine the occur-
rence, significance, and relationships of certain words, themes, or concepts. Using a range of
qualitative and quantitative research techniques, researchers in the discipline of information
science test hypotheses and identify solutions to several research difficulties [4], at which the
usage of content analysis (CA) is growing [5]. Moreover, with respect to interviews, study [6]
believe that they enhance the quality of the information being gathered, while w.r.t question-
naires, two questionnaires were conducted to collect User and System requirements. In order
to create Data Flow Diagrams (DFD) and entity relationship diagrams (ERD), the infor-
mation collected through questionnaires and interviews were analyzed and integrated with the
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second and third stages of a seven-stage based Agile-based system development life cycle
technique (Agile-SDLC)[7].

According to [8], Bahrain still faces disposal management deficiencies of electronic solid
waste, as, despite its small proportions, Bahrain produces the highest garbage per person
among the GCC, with an annual production of 1.2 million tons of hazardous waste. Further-
more, the lack of communication between electronic waste donors and recipients further
complicates recycling.

To overcome this challenge, this research paper proposes the development of a mobile-
based application (i.e. Athar) that mitigates e-waste disposal management. Aiming to mitigate
e-waste in Bahrain, two objectives were set accordingly: 1) exploring the e-waste phenomena
and 2) developing and evaluating a mobile-based e-waste application. Both objectives were
addressed by using the Agile-SDLC technique, which comprises two stages: 1) the exploratory
stage and 2) the development and evaluation of the Athar app stage. In the prior, an interview
was conducted with the Supreme Council of Environment and Crown Industries factory to
investigate the matter and use SLR and CA techniques. During that, a 15t questionnaire col-
lected user requirements. Later, the 2nd and 3rd questionnaires (System requirements and
evaluation) were conducted along as DFD, ERD, Dialog diagram, Outsystems for coding the
application, a second survey for gathering system requirements, and a third survey for meas-
uring the app's usability.

The research project contributed to investigating the phenomenon of electronic waste,
designing the Athar mobile application based on user and system requirements, building the
Athar app to support both 10§ and Android operating systems, and measuring the applica-
tion's usability.

The research paper is composed of 5 sections. Section 1 serves as the introduction to
this research project. Section 2 includes the literature review divided into several subsections,
whereas section 3 discusses the methodologies and techniques used in this research project.
Section 4 analyzes and discusses the findings and results of the methodologies mentioned in
the previous section and section 5 concludes the paper and discusses future work.

2. Literature Review

Conducting state-of-the-art research to explore the phenomenon of e-waste manage-
ment necessitates searching for several e-waste-related papers and relevant technologies. We
have employed the SLR and CA.

2.1. Literature review techniques

As depicted in Table 1. the SLR is an independent scholatly methodology that secks and
evaluates all relevant information about a topic to reach conclusions about the matter [9]. The
SLR is divided into five steps. As part of stage 1, data sources, such as Google Scholar, were
selected. In stage 2, searching formulas were applied, which narrowed the number of articles
to 50. Moreover, stage 3 refined the collected documents, and during stage 4, documents were
manually reviewed and selected. Conversely, [5] defines CA as a method for analyzing quali-
tative data, such as text, to find the presence of specific words, themes, or concepts.

2.2 The e-waste disposal phenomena
2.2.1 Definition and Categories of the E-waste Disposal

As per the findings of state of the art, [10] the phrase "e-waste," or electronic waste, is a
broad term used to describe the outcome for end-of-life electric and electronic equipment
(EEE). The rapidly expanding volume and threat of e-waste have drawn attention worldwide.
They further state that disposing of e-waste causes serious pollution because it includes over
a thousand compounds, many of which are dangerous. Furthermore, it is detrimental to pub-
lic health and the environment [11]. Table 2 depicts the electrical and electronic equipment
categories as mentioned by [12].

2.2.2 Pros and Cons of the E-waste Disposal

As per the state-of-the-art findings, the process of recovering valuable components from
e-waste is known as e-waste recycling or e-waste management lifecycle lifespan[13]. None-
theless, because printed circuit boards contain valuable metals like gold, silver, and other met-
als, recycling e-waste with the right equipment is profitable. However, the recycling prices in
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rich countries are too high now, and a lot of e-waste is sent to developing countries like China,
India, Brazil, and elsewhere[14], [15]. Furthermore, advocated by [16], it is predicted that 50
million tons of electronic trash are produced annually, of which only 20% are recycled
propetly. The remaining electronic debris is either impropetly disposed of informally or in
landfills, putting workers at risk of exposure to dangerous elements. Mourya [17] advocates
that improper e-waste disposal might cause flame retardants and heavy metals to leak into the
ground. Moteovet, eating these plants puts the animals' internal health in jeopatrdy. Similatly,
toxins produced by e-waste that seep into ponds, streams, rivers, and lakes pose a hazard to
aquatic life and should be taken setiously[18].

Table 1. The SLR method and research findings

Keywords / Phases Thematic subject Article
Keyword 1 Electronic waste; Disposal; Mobile application 368
Keyword 2 E-waste; GCC; Application 480
Keyword 3 E-waste Management; Arab countries; Application 51
Keyword 4 Recycling process; E-Waste; Mobile application 121
Keyword 5 Bahrain; Disposal; E-waste 320

Phase 1: Selection of data source Google Scholar (paper, atticle, website) 1340
Phase 2: Applying searching formula AND / OR/ NOT 96
Phase 3: Refining document items AND / OR/ NOT 75
Phase 4: Manual review and exclusion AND / OR/ NOT 61
Phase 5: Selection and review of articles AND / OR/ NOT 50

Table 2. Categories of electrical and electronic equipment

Categories of electrical equipment Examples
Large household appliances Refrigerator, Freezer, Microwave oven, Oven, Dishwasher
Small household appliance Coffee maker, Toaster, waffle iron, food processor

IT and tel icati ip-
and telecommunications equip Telephones, Satellites, Fiber optics

ment
Consumer equipment Audio equipment, televisions, calculators, home appliances
Lighting equipment LEDs, Fluorescent, Flashbulbs
Electrical and electronic tools Electrical pumps, power generators, compressors
Toys, leisure, and sports equipment Video games, Modern interactive toys, Treadmill
Medical devices Infusion pumps, blood transfusion kits, catheters, scanners
Monitoring and control instruments Heating regulator, smoke detector, thermostat
Automatic dispensers Automatic soap dispenser

2.2.3 Frameworks and Methods of the E-waste Disposal

As per state-of-the-art findings, Chinese electronic garbage is ultimately recycled and
recycled or disposed of in landfills or incinerators. Nonetheless, [19] noted that while there
may be some variances, the procedure of getting rid of e-waste varies little among nations.
Also, [20] states that recycling e-plastic, a component of e-waste follows one of the three
recycling processes and yields various results. Furthermore, Table 3 illustrates respondents’
preferences for recycling e-waste in Bahrain, as reported by [21], with "drop-in" recycle con-
tainers being the most favored option.

Table 3. Methods of E-waste Recycling

Methods of applying e-waste recycling Percentage
Call e-waste collection center and get it collected from my house. 34.8%
I will drop it in e-waste recycling bins if available nearby. 53.0%
I will give it to e-waste collectors if neighborhood collection is set for certain 12.2%

days.
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2.3 E-waste management in the GCC countries

As per state-of-the-art findings, the GCC (KSA, UAE, Oman, Kuwait, Qatar, and Bah-
rain) is considered one of the markets for electronic goods with the fastest growth rates glob-
ally.

According to [21], KSA's statistics show that it produces approximately 3M tons of an-
nual e-waste annually, which is expected to increase five times over the next ten years. Inter-
national Computer Company, the leading Saudi Arabian IT solutions provider, has teamed
up with German company EXITCOM, specializing in electrical and electronic device recy-
cling. Alternatively, the UAE is currently home to the world's first recycling and reuse facility.
Sims started its I'T asset management and end-of-life electronics recycling facility in Jebel Ali
in November 2012. With the facility's opening, businesses can decide between software de-
struction and some of the most advanced data management and security software solutions.
In addition to protecting and destroying physical assets, they can recycle or resell their used
IT assets.

For Oman, [21], [22] advocates that the Oman Environmental Services Holding Com-
pany (OESHC) research revealed that over 38000 tons of e-waste were disposed of. However,
for Kuwait, the e-waste recycling program is set to be established by Kuwaiti environmental
solutions company Istidamah. Alternatively, for Qatar, recycling is a top priority, where the
government suppotts initiatives to expand the availability of recycling services. Companies
and associations set up stores and drop boxes at their locations so employees and customers
can eliminate unwanted items. Verizon In Qatar, a program called "Hand It On" offers a 10%
discount on a new phone in exchange for dropping an old one. As part of Q-Tel's e-waste
recycling program, monthly lottery prizes are given to contributors of e-waste [21], [22].

Bahrain, as advocated by [22], at just 758 square kilometers, it is the smallest sovereign
Arab country and the third-smallest country in Asia by land. Bahrain is ranked 234 out of all
the minor countries in the world. The Central Informatics Organization performed the offi-
cial 2010 census, which yielded 1234571 residents overall in Bahrain, according to [23]. In
2014, the population was estimated to be 1.316 million. Forecasts indicate that with a growing
rate of 7.4%, the population will rise dramatically to 2.128 million in 2030. Therefore, Bahrain
will continue to produce an increasing amount of electronic trash which will impact the envi-
ronmental system unless considerable actions are taken to eradicate it. Therefore, the govern-
ment started gathering e-waste informally through Recycle I'T Bahrain, Zain Bahrain, Bahrain
Computer Repair Centre, and Universe Environment. The annual e-waste amounts are 15,500
tons, with each individual producing 12.9 kg of it [24].

2.4 Mobile and web applications

In the web content analysis process, four general and six specialized features are used to
compare the widely used e-waste mobile and online applications, as shown in Table 4. Listed
in Table 4, the applications [25]—[36] were carefully selected based on four criterians, includ-
ing, 1) focus on e-waste management, 2) application technology type whether mobile appli-
cations or websites, to ensure accessibility and suitability for a diverse user demographics, 3)
the geographical scope of the applications which aimed to choose solutions that address e-
waste on a global scale and catering to various regions, and 4) each application's features wete
scrutinized against specific user and system prerequisites to ascertain that they offer requisite
tools and functionalities for efficient e-waste management. Almost all mobile apps contain
capabilities for managing user accounts and facilitating user registration and login. Only a
small percentage of websites have these two elements, though. With the exception of one
mobile application, every website and mobile application has a customer support communi-
cation feature, demonstrating how crucial the feature is. In a similar vein, every mobile app
and website—aside from GreenE—has an About Us feature. Regarding the features them-
selves, the ability to take a picture of the equipment for the purposes of donation and sale is
exclusive to one website and one application. Moreover, E-waste blogs and information are
available on half of the most well-known websites and mobile apps, keeping consumers up
to date on the most recent e-waste occurrences. Additionally, eight of the twelve apps offer
purchasing and selling services to their subscribers. Giving electronics to manufacturers or
other users is an additional third way to handle them. With the exception of Eco Weee, all
websites and mobile apps offer a donation facility. Out of the websites/mobile apps, seven
have a pickup scheduling feature, while five do not.
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Table 4. Comparative analysis based on common features

General Specific Features
Features
R 4
g < 3 g= o0 o
AppN  Ref App T AppL ¥ 3y 3 % 2 % = ., Z
% 2 8 % 8% 2 2 &
IR I
b 2 o = H o3 4 A &
My WM [25]  Website USA X X X X X X X X
Bekia [26] Mobile App  Egypt X X X X X X X
E-Tadweer  [29] Mobile App  Egypt X X X X X X X
Pakam [30] Mobile App  Nigeria X X X X X X X
WasteBazaar  [31]  Website Nigeria X X X X X X X
ESCrappy 30 Website  India X X X X X
recyclers
GreenE [33] Mobile App India X X X
Eco weee [28] Mobile App Singapore X X X X X
ERF [34]] Mobile App ~ Qatar X X X X X X X
Ecyclex [35] Website UAE X X X X X
Mﬁjﬁixl‘ [36] Website ~ UAE X X X X X
Crown Industries [27]  Website Bahrain X X X X
Athar Mobile App Bahrain X X X X X X X X X

While applying for the CA, certain applications and websites appeared to lack login and
registration features. We firmly ascertain the significance of incorporating these features to
maintain applicant records, formalize the application process, facilitate transactions, enable
seamless communication with applicants through stored details, and pave the way for forth-
coming functionalities like rewards, loyalty programs, and points accumulation. Furthermore,
the user will be able to control his account by altering the password, phone number, email,
and a few other settings. Additionally, customer support will be accessible to offer users as-
sistance and direction. The "about us" page aims to provide people with information about
who we are, what we do, and how to get in touch with us as customers. To provide a more
thorough experience, users will also be able to take pictures of gadgets, sell, purchase, or
donate electronic waste to various people and organizations, and repair and recycle electron-
ics. Users will be able to arrange for a pickup of the electronics they have donated, repaired,
recycled, or sold. Lastly, an area dedicated to e-waste blogs and information is offered to
disseminate knowledge regarding electronic trash.

Several reasons arise for the combination of e-waste, Selling & Buying, and Donation
Service features. First, this project advocates for a shared responsibility approach among in-
dividuals to mitigate the financial strain often shouldered by nations and governments. This
involves engaging in commercial activities such as buying and selling to effectively manage
and dispose of electronic waste. Second, providing selling, buying, and donation services will
help us achieve our aim of mitigating the e-waste amount in Bahrain through exchanging
benefits between Bahraini citizens. Lastly, using these services, we will implement the circular
economy effectively by utilizing products, equipment, and infrastructure for a longer period,
thereby improving the productivity of these resources.

3. Proposed Method

3.1 The research design model

This research project uses the Agile based System Development Life Cycle (SDLC). Ad-
vocated by [7], the selection of this model has the potential to create an even better system
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that ensures security is integrated at every stage. The two phases of the agile-based SDLC are
the development and assessment of mobile applications and the exploratory phase. According
to [7], [37], this methodology's cotre elements include regular updates to the implementation
process and the production of smaller project implementation iterations based on results,
lessons gained, and innovative ideas. In Figure 3, the seven phases include Identifying prob-
lems, Opportunities, and objectives, determining human information requirements, analyzing
system needs, Designing the recommended system, Developing and documenting software,
Testing and maintaining the system, and implementing and evaluating the system.

Exploratory Phase

Figure 1. The Agile based SDLC (Source: [7])

The first stage of the agile-based system development life cycle determines the outcome
of research projects. It focuses on identifying and defining the primary issue, which in our
case is the ineffective management of e-waste disposal and determining the most effective
ways to address it through proposing, investigating, and assessing solutions. We are develop-
ing a mobile app to handle Bahrain's e-waste disposal in order to address this issue [7]. The
second stage focuses on determining the requirements of people to develop the application
based on their preferences. At the end of this phase, the user needs and requirements are
gathered by questionnaires and interviews and are listed below.

The third phase is about data flow diagrams (DFD) that show the sequence in which
events happened and illustrate an organized version of the system. At the fourth stage, the
data gathered from the earlier stages will be used to design the logical portion of the system.
System users will be guided toward the proper method of inputting data that the system ac-
cepts, entailing preparing program packets for programmers, which comprise the specifica-
tions file, input/output layout, and processing details [7].

The fifth phase will see the creation of the necessary software and associated documen-
tation, entailing designing, coding, and fixing any possible mistakes. Testing the system is
crucial in the sixth stage to lower the cost of problem identification prior to the system being
utilized by actual users. The documentation and system maintenance phases, which span the
entire cycle, start at this stage. Verifying the system is performing as planned is the goal of
this process [7]. The implementation phase starts once system testing using different testing
techniques is completed. The application of information system development, divided into
smaller processes like database construction, equipment installation, and new system manu-
facturing, takes place during this seventh and final phase of the SDLC [7].

3.2 Requirements collection techniques

Requirements were collected through 2 interviews and questionnaires. The two inter-
views were conducted with The Supreme Council of Environment and the Crown Industries.
To satisfy the user requirements, two questionnaires (15 and 2nd Questionnaires) were utilized
to gather user and system requirements and prepare for analysis [38]. The questionnaires were
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distributed in November 2023 with a sample size of 127 of population size of 1,494,044 ac-
cording to [2], with a margin of error 5.7% and 80% confidence level where N = population
size, e = margin of error, p = Percentage of population, z = z-score (the number of standard
deviations a given proportion is away from the mean) as depicted in Equation (1)[39].

(22 xp(1-p))
eZ

- <(22 x p(1 - p)))

Sample size =

)
(e?N)

Both of the 1stand 20d questionnaires received 127 responses. The questionnaires consist
of multiple sections. Each questionnaire was divided into many sections based on its intended
usage. The 15t questionnaire was divided into three separate sections based on the three kinds
of Athar users: givers, mediators, and recipients. The questions assess users' knowledge of the
phenomenon of electronic waste and their preferences as individual user types. The second
questionnaire's questions cover functional and non-functional system needs and center on
the proposed mobile application Athar.

Furthermore, the second questionnaire is distributed to collect system requirements. The
core system is crucial because it establishes the framework for all other needs and the archi-
tecture flow [40]. Both questions were designed and analyzed using the Microsoft Forms tool.

3.3 Application development techniques

The Athar application's models will be developed and defined via diverse system meth-
odologies. Creating multiple-level DFD, process specifications, entity relationship diagrams
(ERD), data dictionaries, and dialog diagrams are all included in this part. As a process-ori-
ented description, the systems model emphasizes the effects, or flow, of information between
modules[41]. IT and business systems are conceptualized and created through research in this
broad field. According to [42], DFD is a systematic analytical and design methodology. It
provides details about the kinds of data introduced into the system, the data that is already
there from the system, the entities that are a part of the system, and the processes that are a
part of the system. The context level (0 DFD) displays the system's boundaries, the entities
interacting with it, and the information flows that pass through them [43], while Level 1 DFD
illustrates the input and output data flows that are present across the system and summarizes
the processes.

The process definition contains a list of the system's formal procedures as well as the
logic behind which inputs would be handled to generate which outputs. The main goal is to
explain and summarize the procedures and requirements of the regulations. To provide a
clearer image, consistent and high-quality data must meet the process requirements [44]. Al-
ternatively, the database schema is a design made to show the database structure. The database
schema's core components—the record tables, their attributes, and the connections between
them—can be found within, along with a variety of other features such as views, types, tables,
relationships, and more. A data dictionary lays the foundation for a database system by ana-
lyzing the requirements and the database's evolution. Moreover, a dialog diagram is a tool that
shows the next steps a user might take to look into different interfaces.

3.4 Application implementation and testing techniques

Based on the functional and non-functional requirements, the implementation phase is
meant to provide the Athar's coding, through which the Outsystems platform is utilized ex-
clusively for the Athar system's implementation, development, Testing, and installation.

According to [45], OutSystems is given preference over other platforms, i. e. (Mendix,
Appian), as it caters to citizen developers, offers a clean design with drag-and-drop elements,
and contributes to automatic integration and one-click deployment, while the other two were
Less-Code platforms. Also, Apache Cordova enables HTML5, CSS3, and JavaScript to enable
cross-platform development of mobile applications for Android 8 to 13 and iOS 13 to 16,
which is used in constructing OutSystems applications [46]. As stated by [47], the OutSystems
architecture is composed of a platform server, service studio, service center, lifetime, and
integration studio, so the developed apps are implemented, generated, managed, optimized,
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and deployed; online applications are compiled to C#/Java, and mobile applications are de-
ployed to iOS and Android, and it lets developing programs using drag and drop.

However, to confirm that all of the application's units function as intended and approve
the I/P data types entered, validation and unit testing/ mocking mechanism techniques were
used, as stated by [48]. According to [47]-[49], unit testing is a sort of software testing in
which individual software units are examined to ensure that each one operates as intended.
This is accomplished by isolating a portion of the program code and evaluating its function-
ality during the application development.

3.5 Application evaluation technique

A 31 questionnaire was distributed to users to determine their usability of Athar using
Nielsen’s heuristics [50]. 25 of Likert scale questions were provided based on eight major and
22 subcategories of Nielsen's criteria. A Likert scale questionnaire was prefetred over other
techniques (i.e. t-tests) as the former is a tool to measure attitudes, opinions, or perceptions
on a multi-point scale, typically capturing ordinal data through respondents' levels of agree-
ment with statements. In contrast, a t-test is a statistical method used to compare the means
of two groups to determine if there is a significant difference between them, requiring con-
tinuous data. While the Likert scale is used for survey data collection, the t-test is employed
during data analysis to test hypotheses about differences between groups [50].

With a sample size of 35, 33 respondents responded to the questionnaire, developed
using Microsoft Forms and distributed online in April 2024. Based on Eq.1 and with a sample
size=1,494,044 |2], margin of error= 5.7% and confidence level= 90%, where a certain pro-
portion of the standard deviation from the mean is defined as the number of standard devia-
tions of a certain proportion [39].

The Usability of Athar could have been calculated based on the formulated Eq. 2 where
each Nielsen criterion (%) = the average of the summation of sub_criterians (%). Conse-
quently, the total usability rate (%) = the average of the summation of criterians (%).

subcriterian

Usability (%) = [z Satisfaction ( ) x 100% ] /8 2)

No. of subsriterian

4. Results and Discussion

4.1 Requirements analysis

In the 1st questionnaire, users were asked to identify themselves. The findings revealed
that 40% of respondents were electronics buyers, 10% were sellers or donors, 3% were me-
diators, and the remaining respondents were not classified as any user type. The majority of
respondents were aware of the seriousness of electronic waste and its effects, according to
the results of additional questions designed to evaluate respondents' understanding of these
matters. Among the respondents, 93% have not used e-waste management applications, while
most liked to start using one. Furthermore, the results of the second questionnaire indicated
that 62% of participants preferred having an application, while 38% preferred having a web-
site. This information prompted us to develop a mobile application.

The remaining questions concern the system's technical aspect, including the functional
and non-functional requirements. According to the questionnaire’s findings, most respond-
ents are interested in having all the features and functions specified. The functional require-
ments are depicted in Table 5.

4.2 Application development analysis

The context level DFD of Athar's system is demonstrated in Figure 3. Moreover, Figure
4 illustrates how the context level diagram is broken down into sub-processes in level 1 DFD.
The entity relationship diagram (ERD) as depicted in Figure 5 is composed of 11 entities,
each of which is represented in a table. As for the database schema, Tables 6 and 7 depict the
data dictionaries for donors, sales, repairs, and recycling services in addition to the giver and
payment data dictionary. Table 8 additionally displays the process specification. Conversely,
Figure 6 illustrates the dialogue diagram, highlighting each user type's many dashboards and
interfaces, ranging from the giver to the receiver.



Journal of Computing Theories and Applications 2024(November), vol. 2, no. 2, Adwan, et al. 172

Table 5. Athar application functional requirements

Function No. Functions
FO01 Giver, Admin, Receiver, and Mediator Registration
Description All user types register on the application so they access Athat’s services.

1-Users will create new accounts by filling in the required information.
Activities 2-Check if all user requirements are fulfilled and valid.
3-Create accounts and store user information in the database.
F02 User Login
Description  Users access the application after creating an account by entering their credentials.
1-Users will enter their ID/Email and Password.
Activities 2-Check the database for authentication.

3-Allow users to access the application.

F03 Buying Service
Description Receivers buy electronics from givers through the application.
1-Choose desired electronics from the lists.
Activities 2-Review electronics details & fill in required information.
3-Place buying order.
F04 Selling Service
Description Givers sell electronics to receivers through the application.
1-Givers will click on the sell button.
Activities 2-Fill in required electronics details.
3-Place electronics for sale.
F05 Donating Service
Description Givers donate to any available charity through the application.
1-Click on the donate button.
Activities 2-Choose a specific charity.
3-Fill in required donation information & submit.
F06 Repairing Service
Description Givers repait their damaged electronics in repair shops through the application.
1-Click on the e repair button.
Activities 2-Choose a specific repair shop.
3-Fill in electronic information & submit.
F07 Recycling Service
Description Givers (individuals or businesses) can connect with recycling companies.
1-Individuals select mediator & recycle company. Businesses select recycling com-
Activities pany.
2-Fill in the required information & submit.
F08 Capture a Photo of Electronics
Description Givers attach photo of the electronics for selling/repairing/recycling/donating
purposes.
Activities 1-Select a service
2-Capture a photo of electronics or upload from device.
F09 Schedule a Pickup
Description Usets schedule pickup time for recycled/repaired/donated/bought electronics.
L 1-Select a service
Activities

2-Choose a specific date after filling in the required information.
F10 Track Service

Usets can track the location and status of their recycled/repaited/donated elec-

Description .
tronics.
Activities 1-After submitting the order, click on the tracking button.
F11 View E-waste Blogs

Description Users view and read all blogs related to electronic waste on the application.
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1-Users click on the blogs button.

Giver

Activities 2-Display all blogs.
3-Users click on a specific blog to view it.
Admin
i 1.
S
]
E 3 8
€ 5 g & H
[ 17 o c
Q9 o2 w| % [
s g £ £
£ o B 3
g g = :
z 2 g E
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- iver registration/logi
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l@——Service provision——
L Service selection— g
4—— Service requirements——M

Service requirements fulfilling——u-
l¢—— Service completion confirmation
{-«——Service transcript/ receipt———

Athar Application

|¢—— Servicelrequest selection.
Requirements d F
l———Requirements fulfillinglapproving———

le———Service
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-

confirmation

Privilege selection
Requests provision

Request approval

Request sending to receiver
Request confirmation

Service completion confirmation
Service transcript/ receipt

Mediator registration/login
Registrationflogin

Mediator

Receiver

Figure 3. The Context Diagram of the Athar app
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Mediator_ phone number request for
Mediator_address | string
Mediator_password | string [>—send requests to—| | Service
PK |Service_ID number
choose FK | Giver_ID number Admin
FK | Receiver_ID number PK [Admin 1D umber
Giver F.K  Mediator number Admin_name string
PK |Giver_ID number FK |Admin_ID number Admin_ermail string
Giver_name string F.K |Donation_ID number Admin_ phone nurnber
Giver_email string 4 tf F.K |Buying_ID number Admin_password  |string
Giver_ phone number FK |Seling_ID number FK |service ID nurber
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Figure 5. Entity Relationship Diagram (ERD) of the Athar app
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Table 6. Giver table data dictionary

Attribute . Other
Data type P.K F.K NULL Unique .
name constraints

Giver_ID Number Yes - - Yes -
Giver_name String - - - - -
Giver_email String - - - Yes -
Giver_phone Number - - - Yes -
Giver_address String - - - - -
G1V;ro_r TSS String i i i ) i

Table 7. Donation table data dictionary

Attribute name Data K F.K NULL Unique Other

type constraints
Donation_ID Number Yes - - Yes -
Giver_ID Number - Yes - Yes -
Receiver_ID Number - Yes - Yes -
Electronic_equipment String - - - - -
Equipment_quantity Number - - - - -
Equipment_condition String - - - - -
Equipment_picture BLOB - - - - -
Pickup_date date - - - - -

Table 8. Process Specification of Athar app

Process ID Process 1.0

Process Name Privilege Selection

Description

Users select type of users for registration privilege selection.

Process ID

Process 2.0

Process Name

Description

Registration

The user will sign up for a new account or enter their credentials.

Process ID

Process 3.0

Process Name

Description

Login

Users can log in using the credentials he used in the registration page.

Process ID

Process 4.0

Process Name

Description

Service Selection

Users can choose any of the services displayed.

Process ID

Process 5.0

Process Name

Description

Service Processing

Selected services will be processed and approved.

Process ID

Process 6.0

Process Name
Description

Service Tracking
Users can track service status and electronics location.

4.3 Application Implementation, Testing, and Evaluation Analysis

The main page of Athar prompts the user to select how they want to enter the applica-
tion: either by creating a new registration for those who are without an existing account, as
depicted in Figure 10, or by entering their email and password if they have a previously created
account. During the registration, the user must choose which type of account he is creating,
whether it was a giver, receiver, mediator, or admin account. Creating an admin account will
require confirmation from current application administrators before the user can log into his
account. As illustrated in Figure 11, the user will be prompted to select the preferred service
(donation, sale, recycling, or repair) after becoming a giver. Upon selecting recycling, repair,
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or donation, the customer is presented with a page from which they can select their preferred

company. After selecting a company, the giver must fill up and submit a form regarding the

given electronics.
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Figure 6. Dialog Diagram of Athar app
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Furthermore, we wrote a section of code that verified Athar functions in accordance
with the insights of [47], and we separated those functions to identify unneeded dependencies
between the tested functions and other units. In the introduction to the application, the Wel-
come page will appear, and the user will choose to register or log in. If the user chooses to
register, the registration page will appear for him to enter his information. If the user com-
pletes entering his information, the privilege selection page will appear to him, which will also
appear to the user when he chooses to log in to the page. Finally, after the user chooses the
privilege, the login page will appear for him to enter his information and verify it, after which
the user can log in as shown in Figure 7.

Registration @ CAN YOU TELL ME WHO
) YOU ARE?

Giver login

‘Email / Phone number. |

| Password Eead |

Remember me

Dent have an account?

password o
Ea=al

By signing up. you sgree 10 Photo's Temms of Service and
Brivacy Palicy

Copyright © 2024 Athar

9:27 il - 9:27 ol T -

—4 )
Giver Dashbhoard SELECT RECYCLE oot ae 3 et
SELECT YOUR SERVICE COMPANY
Please
Search Q | take Item photo
‘ Electronic equipment |
Dr_mw_é,_ﬂ_“ Crenviroserve

| Electronic quantity |

NEXT

Equipment condition |

Delivery method

Company pickup service

Self delivery

Copyright © 2024 Athar Copyright © 2024 Athar

e B

Figure 8. Giver dashboatd, select company, form I/O interfaces.

If the user is a giver, four services will appear on the dashboard from which he can
choose: recycling, repair, sell, and donation. If the user chooses cither recycling, repair, or
donation, a second page will appear to him through which he must choose the company he
wants, and after that, he must fill in the data in the form as shown in Figure 8. If the user
chooses the sell service, the form for the sale will appear to him, and after filling in the data,
a page will appear to the user to ask whether he wants to sell a second product. If he chooses
yes, the form will appear to him a second time, as shown in Figure 9.
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For the user's privilege as a receiver, a dashboard will appear to him containing the ser-
vices our application provides to the receiver. If the receiver chooses to purchase, a page will
appear to him through which he can see the products offered for sale. Using the search bar,
he can search for a specific thing, and after selecting something, he can see its details, as

shown in Figure 10.

9:27

ol = - P

il = -

Please

take Item photo

ELECTRONIC WASTE FOR SALE?

Electronic equipment

Electronic quantity

Equipment Price

| Equipment condition

Delivery method

Seller delivery service

Buyer’s self pickup

SUBMIT @ Q

DO YOU WANT TO ADD ANOTHER
SALES REQUEST

YES

Copyright © 2024 Athar

@ - -

Figure 9. Sale request I/O interfaces
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Figure 10. Receiver dashboard, sold list, e-details pages

4.4 Application Evaluation Analysis

Based on Nielsen criteria, Table 9 presents the statistical results of the 3 questionnaire
and indicates an overall usability rate of 89.1%. Visibility shows how obvious the system is to
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users from various service perspectives. The average score for highly satisfied individuals is
13.53, for satisfied individuals is 15.87, for neutral individuals is 3.47, for unsatisfied individ-
uals is 0.03, and for highly unsatisfied individuals is 0. Three primary heuristics were utilized
to build the model accuracy, as indicated by the model accuracy. While the application's sim-
plicity and menus received scores between 35% and 55% satisfaction, the application's navi-
gation received scores above 55%. The satisfaction level for the user control assessment,
which was based on Athar’s simplicity and, navigation and menus, ranged from 40% to 50%.
Sixty-five percent of users enjoyed the Athar mobile application's consistency, stylish and
well-designed user interface, and the other media it uses. In contrast, Athar received scores
between 25% and 55% for error recognition & prevention, 35% and 50% for privacy, and
30% and 50% for security.

Table 9. The 3¢ Questionnaire findings are based on Nielsen’s heuristics.

Heuristics Satfslf:ie d Satisfied ~ Neutral Unsatisfied Uns;Ii.s fied
Visibility
Location of information 36% 58% 6% 0% 0%
Response time 39% 55% 6% 0% 0%
Selection input of data 49% 42% 6% 3% 0%
Model Accuracy
Navigation structure 55% 33% 12% 0% 0%
Menus 36% 55% 9% 0% 0%
Simplicity 49% 48% 3% 0% 0%
User Control
Explorable interface 43% 48% 9% 0% 0%
Menus control 43% 48% 6% 3% 0%
Process confirmation 43% 48% 9% 0% 0%
Consistency
Design consistency 43% 42% 15% 0% 0%
Naming convention 42% 47% 13% 0% 0%
Application response 30% 52% 18% 0% 0%
Aesthetic and Minimalist Design
Multimedia content 37% 45% 18% 0% 0%
Icons 52% 39% 9% 0% 0%
Menus 39% 58% 3% 0% 0%
Error Recognition & Prevention
Error recognition 27% 55% 18% 0% 0%
Error prevention 40% 45% 15% 0% 0%
Privacy
Clear warnings 36% 52% 12% 0% 0%
Privacy protection 36% 48% 16% 0% 0%
Security
Timely information display 46% 48% 6% 0% 0%
Simple interface 49% 48% 3% 0% 0%
Problem assistive platform 31% 45% 21% 3% 0%
Average 41% 48.1% 10.5% 0.4% 0%

5. Conclusions

In this research work, we successfully achieved two main objectives that ultimately con-
tributed to mitigating e-waste in Bahrain: the exploration of the e-waste phenomenon, and
the creation of a mobile-based e-waste application named "Athar" and its evaluation after
completion. Nevertheless, we encountered some difficulties in achieving our goal due to some
implications. Among these implications are the time spent collecting the data necessary to
determine requirements and the difficulty in learning to use new software to develop the
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1]
2]

proposed application. Despite these challenges, we could finish the project in the right
timeframe even though it was time-consuming and slowed its progress. Furthermore, we in-
tend to enhance the Athar application by adding additional features, including customization
options, voice speaking, a reward system, and viewing the collection center’s location features.
Furthermore, we intend to expand the range of services available in Athar to operate interna-
tionally and make the application work offline. Finally, we will continue optimizing the data-
base to accommodate future plans and increase satisfaction ratings.
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