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Abstract: In the current technological era, mobile 
computing and the Internet of Things (IoT) have been used 

globally in various domains. Mobile technology is one of the 

fast-growing discipline and it is considerably important in 

professional and personal day-to-day lives of people. 

Smartphones have become part of the daily life and almost 

every daily tasks are done using mobile phones. This paper 

presents an innovative solution of donating used things with 

the help of a mobile application. The paper focuses on the 

requirement analysis, design, implementation and testing 

stages of the donation mobile application. The main aim of 

the development of this mobile app is to establish a 
connection between donor and others who would like to 

receive the items. This application is targeting the 

population of the Kingdom of Bahrain. This app aims to 

decrease the environmental impact and spread the spirit of 

solidarity in the society. 
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I. INTRODUCTION 

When people become more aware of the environmental risks 

of waste disposal, especially furniture and electronic 
equipment, and it is not legal to throw large objects in 

garbage cans as per the laws, discarding these items becomes 

difficult. Many people face difficulty in changing their home 

furniture or removing their home electronics equipment, as 

well as trying to discard some of their personal collectibles as 

well.  Leaving electronic items may even affect the 

environment pollution as well. On the other hand, if the 

furniture or any equipment is free, there will be interested 

parties to take them. However, there is a need to find out a 

way to advertise it because there are no specific online 

platforms available for this.   

Almost 2.22 million mobile connections are in the Kingdom 

of Bahrain in January 2021 as mentioned in the DIGITAL 

2021 report.  In one-year period, the number of mobile 

connections have been increased by 21 thousand (+1.0%). 
According to the report, the current mobile connections in 

the Kingdom of Bahrain are equivalent to 28.9% of the total 

population [23]. Mobile phone usage has become very 

popular among the people, the suggested solution for the 
donation problem is to develop a mobile app to provide an 

easy platform for donation. The donor mobile app is aimed to 

provide a platform to connect the donor with the requestor by 

ensuring privacy in order to make sure that the donor and the 

receiver information is protected. The app is similar to online 

stores and should be easy and straightforward. The mobile 

app is developed using a cross platform framework. The app 

targeting two types of users: public users (who searching for 

furniture and other equipment they want) and the Donor 

(who donate used furniture or equipment). 

II. LITERATURE REVIEW 

The most significant databases for academic journals in the 

area of Computer Science have been searched for conducting 
the review of related literature. Keywords related to the 

study; for instance, “Mobile application development”, 

“Software Engineering” and “Cross-Platform” are used for 

searching and acquiring results. Other tools and methods 

such as Boolean searches using AND (+), OR (|) and NOT (-

) operators, phrase searches using quotation marks and 

wildcard searches using asterisks also used in getting results.  

A mobile application also known as a mobile app in short is 

a software application that runs on smartphones, laptops, and 

other mobile devices.  Remarkable advancement has been 

happened in the field of mobile application development 
during the past years [27]. Smartphones are becoming 

essential in people’s lives as a communication device 

because they offer multiple methods of collaboration using 

the various built-in sensor types [11]. Due to the availability 

of different types of operating systems, developers usually 

find difficulty in creating a standard application compatible 

for all of these. There are different types of mobile 

applications can be found such as native and hybrid 

applications. Native apps can only run on the smartphone 

operating system for which they were created. Each 

smartphone uses its own platform and programming 

language for development. Hybrid platform mobile apps 
offer components that make it easier to build applications 

that have a native feel to them and helps in saving time and 

cost as well [13]. The various mobile platform’s user 

interfaces are supported by its own design pattern.  
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A cross-platform uses common standardized web 

technologies. HTML, CSS, and JavaScript are used in a 

cross-platform and it is considered as an effective approach 

in the development of mobile applications [6].  Since they 

are standardized, widespread, relatively simple yet efficient, 
and well-supported, various web technologies are ideal for 

developing multi-platform applications. By combining 

additional features mobile devices’ unique features can be 

prepared. The genuine need for the custom mobile 

application development introduced various mobile 

development methodologies and selecting the best 

methodology will make the development productive [7].  A 

book published by O'Reilly Media by an author Brian Fling 

explains the fundamental aspects of the mobile application 

development techniques to help the developers to create 

successful mobile applications [5].  

In recent days, developers are focusing on cross-platform 

mobile app development. This type of development strategy 

supports an integrated application Programming 

Development (API) functioning on a native SDK. This will 
help building iOS and Android apps by sharing the same 

codebase. According to a published review paper, mobile 

applications developed by cross-platform can be made 

platform-independent.  Some of the Native cross-

platform applications are assembled using widely available 

frameworks such as Xamarin, React Native etc. [4]. Xamarin 

is the technology with a unique function cross-platform 

appeared in 2011. The main purpose of the Xamarin is to 

help the developers to design applications by reducing time. 

One of the advantages of this technology is that the 

developers are not required to spend time in coding similar 

applications for different platforms [14]. Many mobile 
application development frameworks are available due to 

today's growing demand and the growth in the use of mobile 

applications. They include native app development, cross-

platform development frameworks, etc. Xamarin is a cross-

platform mobile application development framework. 

Xamarin uses C# programming language to create hybrid 

apps that can run on different platforms. [10]. 

The mobile applications are used by people for various 

activities and these mobile apps or its notifications should 

provide information about the happenings around their social 

media circle. The developers should build a mobile 

application to deliver accurate, valid and quick information 

to the users [24]. For users, a well-organized mobile 

environment makes it easier to access the services in an 

efficient way [26]. The accessibility of mobile applications 
made them very popular and there is need for developers to 

look into the complexity. While developing the donation 

mobile application the developers considered the aspect of 

testing to ensure the correct functioning while routing to the 

market.  

Users always expect mobile apps to be reliable and error-

free. So, it is extremely important for application developers 

and software testers to ensure the quality of mobile 

applications before they release to market [1] [18]. New 

forms of mobile apps have arisen as smartphones have 
become more commonly used. The features of the mobile 

applications ca be used in online donation process. There are 

various types of mobile donation apps. These apps make 

donation process quick and easy without intervening users' 

daily lives, and automatically encourages donation process 

[2]. The review of the previously published papers has 

provided support in acquiring relevant information about 

various mobile application development practices including 

the cross-platform development platform. A cross-platform 

development tool is used in developing this donation mobile 

application.  

The objective of presenting this paper is to demonstrate the 

systematic application of the software engineering approach 

in design and development of a user friendly donation mobile 

application using a cross -platform. 

III. METHODOLOGY 

For the development of the mobile app, the waterfall 
software development model is chosen because it is a 

sequential process move in a cascade mode, each step has 

concrete deliverables and is strictly documented. So, the 

developer cannot start the next step before the previous one 

is completed [3] [9] [17]. By searching in the different 

development models, it has been found that the most 

traditional software development model (waterfall model) is 

the best suited for the development of this mobile app [12] 

[18] [19]. The application has been designed by following 

the steps in Waterfall model: Requirement Analysis, Design, 

Implementation and testing.  

In the classic waterfall process model, once a particular 

activity or phase is finished, it is not re-entered [22]. Also the 

activities do not overlap and follow a sequential lifecycle. 

The advantage is there is no need for reviewing or 
reworking. Software development life cycle can be applied in 

design and development of a good mobile application that 

meets the needs of users. Unified Modelling Language 

(UML) can be used to model the system which helps the 

developers during the stages of development [25].  

A. Requirement and Analysis 

Requirement Elicitation: The targeted users are people from 

Kingdom of Bahrain, the requirement elicitation was done 

through personal interviews [20]. Some of the interviewees 

provided few ideas about the privacy of the owner 

information.  

The intended users of the system are guest, registered user 

and admin. A use case diagram demonstrating the use cases 

are depicted in Fig 1.  
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Fig 1: Use-Case diagram 

 

As shown in the use case diagram, the actors of the system 

are guest, registered user and System Administrator. The 

system performs the authentication and push notification.  

E-R Diagram 

During the analysis stage, an Entity–relationship model (ER 

model) helps to demonstrate the structure of a database. The 

ER diagram is presented as a blueprint of the mobile 

application’s database which will be implemented in the 

implementation stage. Fig 2 shows the ER diagram of the 

donation mobile app. The ER diagram is the conceptual data 

model and it shows the entities, attributes and the 

relationship between the entities. 

 

Fig 2: Entity Relationship diagram 

 

B. Design  

This stage in the development model explains the design 

techniques chosen for the development of the donation 
mobile app. Various diagrams used to model the system and 

they are presented below.  

Component Diagram 

This diagram shows the app API components, the diagram 
shows how the app interacts with API and AWS services 

work with each other, the diagram in Fig 3  also shows how 

the source code controlled. 

 

Fig 3: App API and source control 

Data Flow Diagram (DFD) 

The Data Flow Diagram (DFD) in Fig 4 is used to show a 

graphical representation of flow of data in the donation 

mobile app.  
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Fig 4: The application API data flow 

C. Implementation 

The implementation part is the most interesting area during 

the development because this part is converting the idea to a 

real mobile app. The implementation is carried in three 

stages: creating the database tables, developing the app API 

and finally, developing the mobile app. The implementation 

has done using the models identified in the conceptual 

model.   

Database implementation: The database is the main part of 

the system which store all app data in it, MySQL is used as 

the database engine and MySQL Workbench to create and 

manage database and tables. MySQL is chosen for database 

engine because hosting it on MySQL much cheaper than MS 
SQL Server. Fig 5 shows a sample screen of database 

implementation.  

 

Fig 5: implemented Database tables 

Fig 6 shows the relational structure of the implemented 

database. All tables are implemented as specified in the ER 

diagram.  

 

Fig 6: Implemented Database Schema 

The implemented features in the donation mobile app are: 

Database connection, API Authentication, API calls (Login, 

Register, Load Items and others), App Base, API calls 
interface and App Screen (Login Page, Register Page, Items 
Page and others).  

Application Program Interface (API):  To develop the 

system,  REST as API architectural and dot net core 

framework to develop API are used. One of the readymade 

MVC frameworks has been used because it makes 
developing API method easier. Dot net core is selected due 

to its compatibility with AWS Lambda. In addition, there is 

no need for any extra work to hosting it on a server less 

technology. Only one language, C#, for both App and API is 

used and sharing the code between them also possible.  Fig 7 

shows the login page of the donation mobile app 
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Fig 7: Screen shot of the login page 

One of Xamarin Forms features is data binding, which 

provide best way to communicate between data and views. 

So, a new view model should be created which will request 

data from API and update the views.  

 

Fig 8:1 Data Binding in Xamarin [16] 

Fig 9 and Fig 10 show samples pages from the donation mobile 

application  

Fig 9:2 Samples of donation mobile app screens 

 

Fig 10:3 Samples of donation mobile app screens 

D. Testing  

The classic waterfall process model suggests that testing is 
usually regarded as an activity that takes place at the end of 

software development [8]. The main target of any system is 

how it becomes a success and one of the success factors is 

avoiding error and bugs as much as possible because the first 

impression will determine if the user will continue using the 

system or not [15]. Testing is a part of the development cycle 

and this part will contain many processes to achieve it. Bothe 

white-box and black-box testing strategies are used to test the 

donation mobile app [21].  

White-box Testing:  is a type of testing that testing internal 
system function such as input validation. 

Examples of white-box testing: No internet validation: 

When try to login and device has no internet connection the 

app crash with because the HTTP request return stopped and 

return null value. 

 

Fig 10: Sample Screen-1 White Box Testing 

In “Donation Screen” the app crash on change category, 

invalid cast. To fix it just removed the line because is not 

needed any more. 
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Fig 11: Sample Screen-2 White Box Testing 

Black-box Testing 

Black-box testing is a type of testing that done without 
knowing how internal functions works. The tester provides 

inputs and test the outputs of the system. The functional 

requirements are tested using black-box testing.  

Functional Requirements 

Two sample functional requirements test results are given 

below. The test cases are done for a guest user’s and another 

one for a registered user’s functionalities.  

 

Fig 12: Sample Screen-3 White Box testing 

 

Fig 13: Sample Screen-4 White Box testing 

Non-Functional Requirements 

A number of non-functional requirements (NFRs) are 
identified to ensure the quality of the mobile application 

during requirement analysis.  

These NFRs are tested after developing the mobile 

application. One of the NFR failed during the test is multi-

language interface in both Arabic and English.  Due to time 

constraint this NFR was not able to complete and it will be 

implemented in the next release of the application.  

TABLE-1: NON-FUNCTIONAL REQUIREMENT 

TESTING 

No. Description Type Result 

1 The app must be easy to use and 

user friendly. 

Test comment: 

 Easy to register a new user. 

 The user does minimum 

steps to do any function. 

 Is not complicated and 

straight forward. 

Usability PASSED 

2 The user interface must be simple, 

clean, and beautiful. 

Test comment: 

 Design very simple and 

consistent with OS. 

 Used flat colors. 

Look and 

feel 

PASSED 

3 The app should be fast and light. 

Test comment: 

The app size is very small just 17 

megabytes when comparing it 

with the apps in the store. 

Performance PASSED 

4 The app must have high 

availability. 

Test comment: 

The API works perfect and  there 

was no downtime in the testing 

period. 

Performance 

& 

Operational 

PASSED 

5 The app must be linked with 

server-side database through API. 

Operational PASSED 

6 Not Registered users have only 

limited access to the app content. 

Security PASSED 

7 The app should support English 

and Arabic languages 

Test comment: 

 This feature will be 

implemented in the next 

release because of the time 

limit. 

Cultural FAILD 

 

IV. RESULTS AND DISCUSSION 

Any success project should achieve at least the main 

objectives of the project and to achieve these project 

objectives should be placed in a realistic project plan. A 

realistic project plan was developed prior to the start of the 

development of the mobile app. Proper identification of the 
relevant tools and technologies made the development 

process smooth and successful. The proposed donation App 

became a real app by implementing and testing almost all 

features and requirements. One of the success factor to be 

mentioned here is the use of a cross-platform framework 

(Xamarin) and it helped in reducing development time. The 

framework also helped to produce the same output of using 

native tools. The app now runs of iOS and Android and 

adding any new feature is possible for both OS at the same 

time. 



Minimol Anil Job & S. Mustafa Alseba / IJETT, 69(5), 32-40, 2021 
 

38 

As mentioned earlier, the mobile application has been 

developed by using a cross-platform called Xamarin it is an 

open-source platform that allowed developers to develop one 

app to works on both iOS and Android.  

Development of API calls: After selecting NuGet, installed 

Refit and this library makes HTTP request much easier. First, 

created the API.cs class which contains all API services, then 

created an initialize method. Any service in the API can be 

called form this method. Authorization header token will be 

assigned if user is logged in.  

 
Fig 14:  API Call method 

The services interface is developed and each API method is 

written in this interface. 

 
Fig 15:  API services interface 

User Settings: Developing the user settings class, after 

selecting the NuGet and installed Xamarin.Essentials. This 

library provides easy access for cross-platform API by using 

one code, then create AppConfig.cs, this class holds all user 

setting to allow the developer to save and retrieve user 

setting easily.  

 
Fig 16: AppConfig class 

Login Page: Pages in Xamarin made from two parts XAML 
file (Design) and cs file (Code). The Login_Clicked method 

has been implemented and the API service can be called 

easily since it already implemented in API part.  

 
Fig 17: Login Page XAML 

 
Fig 18: Login Button Code 

Once login method called, it will check if the user has 

internet connection and i

 
Fig 19:f not, the function will be stopped and returned the 

error to the main view.  If internet is available, the app will 

execute login request and wait for response. If login 

succeeded, the user information will be saved in user data 

storage.  

 
Fig 19: Check internet connectivity 

 
Fig 20: Execute login request 

 
Fig 21: Save login information 

Main App Screen: After implementing login page, using 

App.cs and App() method allow the app to choose the main 

screen based on three factors, first, if the user logged the app 

will check user type and for admin users the main page will 
be AdminPage. For normal users the main page will be 

AppShell, otherwise the app will show LoginPage. 

 
Fig 22: Set main page based on user type 

App Shell: Shell is one of helpful component in Xamarin 

which allow developer to create dynamic layout, such as 
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flyout menu, tabbar, etc. in this app will use it to create top 

tabs to present sections tabs.  

 

Fig 23: App Shell Layout 

  

Fig 24:  Retrieve app sections from the server 

Utilities Functions: In Donation app some utilities function 

has been created to simplify some features. 

Alert Show: The API developed to response messages in one 

structure: 

 
Fig 25: Implement response model 

And to presenting these data in easiest for the user, Alert 

function is created in the app to take API result and showing 

it to the user. 

 
Fig 26: Alert function 

App Cache: Data caching is required to increase app 

performance, so App Cache is created to achieve this, now 

how is it work: 

 

Fig 27: Working with App Cache 

 

Donation using a mobile application is the best solution for 

the problem identified in the analysis phase since using 

mobile apps to daily tasks is the trend among people 

everywhere. The developed mobile application is fulfilling 

almost all the features that the user wants, especially the 

feature for safe connection between donor and requester. The 

mobile app was developed using open-source platform which 

provides efficient tools and libraries to develop the app 

features. After the implementation proper testing has been 

done to ensure the functioning of the implanted features.  

Next step after the development of the mobile application is 

route to market. Therefore, it is too early to confirm that all 

objectives are achieved because some of the objectives 

should be tested only after releasing the app and when it is 

operational. Checking the user interface should be done with 
actual user experience. Performance test can be done using 

an actual stress test. It is important to mention that some of 

the requirements are not implemented yet due to financial 

aspects, such as automatic deployment and automating SMS 

to the users. It is worth mention that development of mobile 

application is not difficult because of the various resource 

available online. Various open-source strong and powerful 

tools and libraries are available to support software 

developers. Identifying an appropriate software development 

approach in any software project is essential.   

The traditional waterfall model is best suited for the 

development of donation mobile app. This model is 

suggested for small project with a specific completion date. 

All development tools that used were open-source 

technologies; Visual studio community edition the main 
development IDE, Adobe XD which is used to create the 

application prototypes, MySQL workbench to manage 

database, diagrams.net for modelling the diagrams such as 

use case, ER, Xamarin for the application framework, and 

.Net Core for the API framework. Most of all, there is always 

an opportunity to help the society and create an impact in 

people’s life.  

V. CONCLUSIONS AND FURTHER WORK 

In this paper, the researches presented the software 

engineering steps in the development of a donation mobile 

application. Even though it is worth sharing the development 

experience during this rapid application development era, the 

main goal of this paper is to present the experience of 
utilizing mobile application development methodologies by 
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applying software engineering strategy in a systematic way.  

The classis waterfall model adopted in the development of 

the donation mobile application helped to arrange the 

activities of requirements, design, implementation and 

testing into a single sequence. The paper also demonstrates 
the success factor of a cross-platform development. Since the 

same set of codes is used by all platforms, cross platform 

software development can ensure the overall look of the app 

can be preserved. The advantage of cross-development 

platforms is that it helps in developing mobile apps by 

reducing cost and saving time.  

Currently, the app focusing on individuals which makes a 

safe connection between donor and requester. In future, the 

app could provide a facility to allow local charities to create 

their own page to accept the donation from the users.  

Mainly, three features, (i) Adding change password feature, 

(ii) Support Arabic language and (iii)Verify the user mobile 

number by SMS verification are not  achieved in the current 

app and it will be included in the next release.  
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