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Abstract

Mobile e-commerce application for the West
African market

Victor Annell
Kimiya Ata

Rohat Bedikanli
Aishwarya Gupta
Gustav Pettersson

In West Africa e-commerce applications, where one can buy and sell dif-
ferent products and services, are not as widely accessible as they are in
the Western World. In more developed countries, most of these transac-
tions are done through chat applications such as WhatsApp where there
is no functionality to search and filter for specific products and services.
In this report we describe a mobile application tailored to the West
African market where convenient features like search, filter or follow are
included. Also included in the application are chat-rooms where people
can discuss different topics with the goal of creating a thriving and close
knit community built on trust. The application lets the user register as
a business or a private person and then lets them buy and sell services
as well as their used or unused products on the application. A major
aspect of the application is that one can sell products and services lo-
cally within the community which will result in a more environmentally
sustainable consumption. The hope is to help stimulate West Africa’s
economy and give individuals and businesses without much exposure,
the means to grow. The result of the project is a functional application
that still needs refinement and added features before being published
and used by the target demographic.

Extern handledare: Clementina Amankwaah, Amargbo Company
Handledare: Mats Daniels, Martin Eriksson, Bjorn Victor och Tina Vrieler
Examinator: Bjorn Victor



Sammanfattning

| véstvarlden finns det ett Overflode av e-handel applikationer dar anvandare kan kopa
och silja olika produkter och tjanster, bade nya och anvanda. En del av varlden dar
dessa applikationer inte ar tillgdngliga i samma skala som vastvarlden &r Vastafrika.
Istéllet sker de mesta av dessa transaktioner genom chattapplikationer som WhatsApp
dar det inte finns funktionalitet for att soka, filtrera och folja olika saljare, kdpare och
produkter for att enkelt hitta det man letar efter. For att introducera denna funktionalitet i
Vastafrika har en mobilapplikation utvecklats for att skapa en plattform for privatperso-
ner och foretag att kunna gora just detta. Inkluderat i applikationen &r dven chattrum dér
anvandare kan diskutera olika &mnen med malet att skapa en blomstrande och samman-
svetsad gemenskap som bygger pa tillit. Tanken &r att hjdlpa utvecklingen av Vastafrikas
ekonomi och ge individer och foretag som inte har s3 mycket exponering verktygen att
véxa. En stor aspekt av applikationen &r att alla transaktioner sker lokalt inom samhallet
vilket resultera i en mer hallbar konsumtion. Resultatet av projeketet &r en fungerande
applikation som behdvs vidarutveckling innan lansering till malgruppen.
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1 Introduction

1 Introduction

E-commerce is widely used in the Western countries and is a concept that plays a huge
part in stimulating the economy [38]. In West Africa (seen in Figure 1) applications
that provide e-commerce services are not as accessible and widespread. There are a
couple of reasons for this. One reason is that West Africa has not had the same access
to computers and mobile devices [27] as the western world, therefore the people might
not have as much experience with using these applications and not be as inclined to do
so. Another reason is that digital payment services that similar applications use are not
available in West Africa which means that the people are unable to make purchases in
the applications [17]. There is also a lack of an established trust for spending money
online and expecting products to be shipped to you [34, p. 15]. Lastly, data costs is West
Africa is very high. Today, Africans are charged an average of 71% of their monthly
income for a gigabyte of data [34, p. 15].

We have developed an e-commerce mobile application called Amargbo together with
Clementina Amankwaah who is the founder of a company called the Amargbo store [2].
The application can facilitate businesses to market their brand and get exposure and
make it easier for individuals to sell their used products. This could encourage second
hand consumption and also make it easier for consumers to nd products and services
that are accessible in their speci ed area. The application does not provide any service
for shipping products and thereby also does not contribute to the release of fossil fuels.

Community chat-rooms are included in the application to satisfy peoples' need to social-
ize and create communities around their shared interests. To prevent spam and malicious
users from ruining these chat-rooms a report button is included to discourage this. Users
can rate each other based on the quality of the sold products and interactions with each
other through the chat-function and when they meet up to trade products or services.
This way, users can easily nd trustworthy buyers and sellers by looking at their rating.

A core design choice of the application is that it needs to be conservative with its data
usage. In some West African countries the cost of data transfer is very high and con-
sidered the highest globally. These high data costs reduce the access people have to the
mobile Internet and in turn the digital economy. Due to this, the 'digital divide' between

the rich and the poor could increase in West Africa [34, p. 15]. This will be discussed
more in Section 3.3.
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Figure 1 Countries that are included in West Africa [21].

Declaration of Division of Labor

This project has been equally divided between all group members. However, we had dif-
ferent focus areas. Victor primarily worked on the database storage and the API server's
core functionality. Kimiya, Aishwarya and Gustav primarily worked on the function-
ality within the application while Rohat focused on the user-interface and connecting
the back-end with the front-end. The remaining work on the project all members con-
tributed and worked on equally. This includes discussion, planning, writing the report
and designing the application.

2 Background

In this section, topics that are relevant to understanding this project will be discussed.
Information related to the applications security and how technology and the digital econ-
omy is used in West Africa today will be brought up.



2 Background

2.1 Amargbo Store

The company Amargbo has previously used WhatsApp groups to sell products. The
people in these groups are mostly from Sierra Leone and have personal contact with the
owner of the company. In these WhatsApp groups the selling of items is not always
the main topic. Often people in these groups share jokes, videos or discuss daily life.
Amargbo Store also has a web application, but as of the time of this project it has not
been made functional [2].

2.2 Digital Economy in West Africa

The digital economy is made up of the billions of online connections among different
people, businesses, and devices [18]. The digital economy has for many years pro-
gressively changed the landscape of how businesses operate and how consumers obtain
goods, services and information. A technology that has greatly helped facilitate this
change is the internet of things. Today, with the widespread use of personal computers
and mobile phones, people and businesses have the ability to reach new customers all
around the globe. This application of digital economy, known as electronic commerce
or e-commerce, is a widely growing phenomenon that has permeated into the everyday
life of the western world. West Africa on the other hand has not harnessed the digital
economy to the same extent as the western world. A joint report of the Africa-Europe
Alliance states that if Africa fails to utilize the digital economy it risks economic isola-
tion and stagnation [1]. E-commerce is a tool that can help West Africa's digital econ-
omy. A couple of bene ts the spread of e-commerce in West Africa would have include
the opening of markets to isolated rural communities and helping women entrepreneurs
tap into e-business opportunities when social norms has previously kept them out of the
traditional workforce [3].

2.3 Mobile Phones and Data Usage in West Africa

A large portion of the population in West Africa have access to mobile phones but
limited access to computers. "Feature” phones as seen in Figure 2 (phones with lesser
capabilities than smartphones) and cheap smartphones make up the bulk of the phones
in usage [34, p. 9]. These phones have limited memory and storage which leads to only
a few apps being able to be installed. This has greatly limited their ability to use these
phones for engaging in e-commerce. With the rise of unemployment rates and economic
uncertainty during the COVID-19 pandemic people are still steered towards purchasing
more affordable phones with the constraints mentioned previously. Chinese brands such

3
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as Tecno and Itel dominate the market (as of Q3 2021) [33].

In terms of access to WiFi, it is scarce and mobile-data is expensive when compared to
the Western World. The average regional price of 1 GB in Sub-Saharan Africa is $6.44,
almost 3 times the cost when compared to Western Europe [10]. In Sweden, the average
price for 1 GB of mobile data is around $2. In contrast, the price for the same amount
of data is more expensive in the majority of countries in West Africa. This poses great
dif culty in West Africa’s ability to engage in e-commerce and join the digital economy.

There is also a salient difference in income when comparing West Africa with Sweden.
For example, Guinea-Bissau, Senegal and Benin have the average annual income of
$760, $1430 and $1280. When comparing these to Sweden's average of $54 000 [37],
it is seen that in West Africa the cost is about 71 times, 38 times and 42 times bigger.

Figure 2 Example of a "feature” phone [32].

3 Purpose, Aims, and Motivation

The purpose of this project is to provide a platform for individuals and small businesses

in West Africa to buy and sell products and services. The applications main goal is to

provide a user-friendly e-commerce platform and encourage the region to engage in e-
commerce. It aims to help anyone either to start a small business of their own or simply
engage in shopping and selling, thereby strengthening the economy and job growth of
West Africa.
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3.1 For Businesses

This application can give users the tools to create, grow and nurture their business and
grow their business network. In the application the user can be able to make their own
pro le page and can be able to see other users' adverts. The user can be able to style
their page by changing the background and writing their own slogan. This can give the
business owner the opportunity to market and express their company as they wish.

By giving everyone a platform that makes it easier to sell their products it is expected
to both allow people to start their own businesses and help already existing businesses
to gain more exposure and grow. As these businesses (newly started as well as already
existing) grow their business through our application, their companies become larger
and require up scaling. This in turn results in more job opportunities and makes it
evident that the application can help the United Nations 8th sustainability goal, "Decent
work and economic work”. As stated by the UN, the 8th sustainability goal aims to
"Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all” [35]. As already discussed, this ts well with
the purpose of the application, since the aim is to improve local economies and provide
jobs.

3.2 For Individuals

As previously mentioned, the application does not only facilitate businesses, it is also
aimed towards people that simply want to buy and sell their own products online. The
user creates their own pro le and can thereafter make purchases both from other in-
dividuals and from businesses. The application offers the user the ability to chat with
other users about products that they might be interested in and also about topics that are
currently trending through the community chat-rooms. This makes the application not
only a platform for individuals to sell and buy things online, it also lets the user create
new relationships and create new bonds with people in their area.

3.3 Low Data Usage

A big obstacle when developing Amargbo application is the amount of data it will take to
use the application. The aim of the application is to have as low data usage as possible.
This aim will be ful lled by making smart design choices during the implementation

of the different parts of the application. For information about the choices made see
Section 9 and Section 10.2.
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3.4 Sustainability and Responsible Consumption

In this section, the aspects of sustainable and responsible consumption will be discussed
in relation to the application. Features in the application that contribute to sustainability
will be brought up in this section.

3.4.1 Shopping in Person

The application can make it possible for users to communicate with each other through
different community chat-rooms that could strengthen the community bond. With the
use of the chat rooms and the ability to leave reviews, the aim is to build a trust that
makes the users feel safe while shopping. Since users can sell their products in person
instead of shipping them the application could encourage people to buy locally produced
items. This will not only contribute to a more sustainable way of shopping online, it
could also minimize the risk of scamming people during purchases. This is because the
trading of the product or service and the money will be made simultaneously when the
purchase is done in person.

3.4.2 Second Hand Shopping

The application could also make it easier for users to sell and buy already used prod-
ucts which can encourage second hand consumption. Thereby, this application supports
UNs 11Th sustainability goal, "Sustainable Cities and Communities”, which aims to,

as stated by the United Nations, "Make cities and human settlements inclusive, safe,
resilient and sustainable”. In relation to this goal, the use of this application could in-
crease second hand consumption as well as increase social communications through the
previously mentioned chat-rooms. This results in stronger social links, empowerment
of ordinary people, provides deprived people with access to markets and reduces the
environmental footprint [19].

3.4.3 Businesses Operated From Home

By promoting the act of selling and buying products that have previously been used it is
expected that it could lead to people buying less products from big industrial businesses
that may or may not have negative impacts on the environment. This shows that the de-
velopment of this application also support UNs 12Th sustainability goal, "Responsible
Consumption and Production”. This applies to small developing businesses using our
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application as well. Usually small businesses that are operated from home have a much
smaller environmental impact than larger companies have. However, the application is
also designed to trade, buy and sell products that are available in the users desired area.
Therefore, products will not need to be transported from other parts of the world, which

in it self will decrease the environmental impact of traditional e-commerce.

3.5 Collection of personal information

The Amargbo application gathers a lot of personal information about the users that reg-
ister. Such as password, name and location. The user is obligated to provide password
and name so that the Amargbo application is able to create an account. The users loca-
tion is also vital for the user to be able to nd products in their vicinity.

The user will be informed how their data will be handled when registering their ac-
count on the application. The data will be stored according to General Data Protection
Regulation (GDPR) [14]. Their personal data will only be used in the context that was
previously mentioned and will also be held-back from any third-party. Therefore, the
system will only store data that is completely necessary for the application to work
as desired. When the user deletes their account all their personal information will be
deleted from the database. How security is implemented in the application is further
discussed in Section 9.1.

3.6 Delimitations

There exist certain delimitations to the application such as due to the scope of the project
and certain factors related to the applications target market.

3.6.1 Matured businesses

The application is developed to stimulate selling, buying and trading for both individu-
als and for developing businesses. Even though already established companies are not
limited from using the application, the features of the app are more tailored to less es-
tablished companies, which means already developed business might not nd the it as
useful. This is because the platform only lets the seller upload one ad for each product.
This makes it dif cult for larger companies who wish to offer the same product in differ-

ent sizes and colors to organize their shop. Furthermore, already developed business do
not have the same need for the platform Amargbo since they already have an established
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business and exposure.

3.6.2 Payment and Shipping

Online payment in the application will not be implemented since it is not well estab-
lished in West Africa. Furthermore, online payment between countries is dif cult since
all the countries in West Africa have different currencies [34, p. 15]. Therefore, this
contributes to the exclusion of online payment.

Shipping is also not implemented in this application due to the fact that there is a lack
of infrastructure to support it [34, p. 15].

4 Related Work

There has been an increased interest in e-commerce applications for the past years since
the technology has advanced . Some applications have more features than others, how-
ever they are similar to each other.

There are numerous application that provide e-commerce services. Such applications
will be discussed below where both similarities and differences will be addressed.

4.1 WhatsApp

A popular application actively being used in West Africa for sales and purchasing of
items/services from individuals and smaller companies is WhatsApp [36]. WhatsApp is

a mobile chat/messaging application where users can privately send messages to other
users or join group chats where multiple users can send messages to each other. In
West Africa, due to the higher accessibility to mobile devices compared to computers
[34, p. 15], this is being utilized to sell and purchase items from other local users.
Since WhatsApp is not primarily intended to be used as an e-commerce application, this
comes at the cost of several disadvantages. One such disadvantage is that searching for
a speci ¢ product/service is not an included feature and can come with great dif culty.
The group chats can also be highly unorganized and a lot of information not relevant to

a user is sent. There is also the aspect of security where there is no guarantee or way to
see if a seller will be true to their word or not. All of these negative aspects are what our
application sets out to remedy.



4 Related Work

4.2 Gojek

Another similar application is Gojek. Gojek is a multi-service application and is com-
monly used in Southeast Asia. The application provides local services and goods in the
market such as food delivery, logistics and more. Gojek is similar to our application
since they provide facilitation services for the consumers [11]. However, the Gojek app,
unlike Amargbo, does not provide any functionality for the users to buy or sell products.
It is only possible for users to buy and sell services through the app.

4.3 Grab

Grab is an application that is widely used in Southeast Asia for a multitude of ser-
vices [13]. Grab offers transportation, food delivery and digital payments. Their slogan
"The Everything Everyday App” encapsulates their goal well and is one that is simi-
lar to our application. Like Grab, our application aims to provide a platform that is a
"one-stop shop” for all things related to commerce and business. Their mission is also
similar to our application, which is to create economic empowerment to everyone [13].
However, the focus of the app Grab is a bit different from Amargbo. Just like the Gojek
app, Grab focuses on providing services and not products.

4.4 Facebook Marketplace

Facebook marketplace is a place for people to both buy and sell products and ser-
vices [6]. Facebook marketplace has a similar motive as Amargbo in the sense that
it is a app that makes it possible for people to connect and chat while also being able to
sell and buy products from other users. Just like Amargbo, Facebook marketplace has
features that lets the user Iter out products that are not in their area. It assumes that the
seller and buyer personally work out how the payment and delivery of the product/ser-
vice is going to plan out. Facebook Marketplace is therefore very similar to Amargbo,
but it does differ in some areas.

Amargbo, just like Facebook marketplace, wants to provide services for people to sell
their used products they have at home. However, Amargbo also focuses on providing
a platform for small startups and small business owners to easily sell their products.
Even though Facebook marketplace does not stop business from trying to sell their
products on the platform, it does not provide the same custom feature that Amargbo
does. Amargbo lets the buyer know if the seller is considered a private person selling
second hand products, or if the seller is considered to be a business selling services or
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new products. Amargbo also, unlike Facebook marketplace, gives the business owners
a page dedicated to their business and lets them style it in a way that they feel is rep-

resentative to their business. This gives the business owners the opportunity to express
their brand.

Regarding data use, Facebook uses about 1.5 Mb of mobile data per minute during
regular usage. Here, regular usage means browsing through feeds and viewing pic-
tures. Depending on the quality, watching videos uses about 2.6 Mb of mobile data
per minute [28]. This means that a user spending about 1 hour on Facebook per day
watching videos and chatting, uses about 150 Mb of data per day, which results in over
4 Gb per month. Taking the average price of data in Sub-Saharan Africa into account
this will result in about $26 per month.

5 Method

When developing the system for the application, different tools were used. For example,
database prototype, both back and front-end prototypes and system architecture. In this
section different methods will be discussed, what they are and why they were chosen.

5.1 Front-end design

Figma, a graphics editor and prototyping tool [8], was used to plan the design and lay-
out of the mobile application. Through conversations with Clementina Amankwaah, a
theme was agreed upon and different designs were tested and experimented upon. When
a design for a screen in the mobile application was completed and deemed acceptable,
it was then created using the React Native framework mentioned in Section 5.2 .

5.2 Software Frameworks

We used the JavaScript framework React Native [26] to allow the development of mo-
bile applications that are compatible with both phones running Android and iOS. This
feature was important to make the application available to as many people as possible.
A possible alternative to React Native that was considered was the software framework
Flutter[7], which is used together with the programming language Dart[4]. Flutter has
a similar feature-set to React Native but was ultimately decided against on account of
React Native being on the market longer and therefore having a larger community with

10
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plenty of tutorials and guides[24].

For developing the API server we utilized the Go web framework Gin [9]. Gin removed
the need for some boilerplate code and generally streamlined the setup of the web server.
As an alternative to any web framework just using Go's standard library was considered
as it includes most components needed to develop an API server. But the estimated time
saved in using a web framework over just the standard library made us consider the use
of Gin worthwhile.

5.3 Programming Languages

Our choice of programming languages was in uenced by a few factors. Firstly, there
is a need for fast prototyping of the user experience in the mobile application, as well
as an overall need for a good selection of established, relevant libraries and software
frameworks.

With this in mind we chose to use JavaScript [15] for the mobile application and Go[12]
for the API server. JavaScript was chosen in large part because of its use within the
React Native framework, as explained more in Section 5.2. Go was chosen because
it was deemed appropriate for developing an API server of the scale needed for this
project. This assessment was based on a few factors, including the presence of a large
standard library with Go that includes needed features already built in.

These features include: support for encoding and decoding JSON data, HTTP client and
server implementations, HTTP status codes, and an interface for SQL databases. The
other factors taken into account were Go's static type system, its use of static linking
to compile all dependent code into a single binary le, and its built-in concurrency
model. These things were especially useful when building a API server. The built-in
concurrency ensures each HTTP request to the server is handled concurrently, meaning a
single request taking a long time to process does not block the server from responding to
other faster requests. The fact that the program compiles into a single binary le makes

it easy to upload and run on a remote server if needed, and the static type system helps
the program run faster by performing type checking at compile time. These features
were considered because they make it easier to scale up the application to accommodate
more users, something that was deemed to be inevitable if the application were to be
used in production.

11
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5.4 Database Management System

For long-term data storage a relational database is used because the systems data is
mostly all related to each other, for example users publish products to be purchased
by other users. Therefore, a modern SQL-database was deemed appropriate which led
to the decision to use PostgreSQL [22]. PostgreSQL, while similar to alternatives like
MySQL and MariaDB, additionally supports more diverse data types such as native
JSON and supports data inheritance which was considered as possible features needed
in future work.

6 System Structure

The applications system structure consists of three parts, a client-side mobile applica-
tion, a central API server, and a database. The mobile application is installed, operated
by end users, and is the only part of the system that users interact with directly. This mo-
bile application retrieves user and product data as needed from a central API server. The
API server is responsible for handling the authentication, authorization and responding
to requests made by the mobile clients. The server queries the database for information
requested by the clients. The database contains all data needed to operate the system,
this includes things such as user information and product data.

Both the API server and database are hosted on a server (cloud environment). The
database is then also contained in a Docker container. This was done to help with
the setup of the database. To test the nal application the API server and database
were uploaded to a small AWS virtual machine. This was to simulate the conditions in
which the actual application will work. Through HTTP requests, the mobile application
communicates with the API server, which in turn retrieves and posts information to the
database depending on the request.

7 Requirements and Evaluation Methods

The application has two measurable requirements that were evaluated. These require-
ments are in ease of use and data usage.

12
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Figure 3 The application's system structure. The Mobile Application makes requests to
the API server which in turn retrieves or posts to the database.

7.1 Ease of Use

The mobile applications usability is a very important aspect when determining the suc-
cess of the application. Since the target audience will include individuals with limited
experience with e-commerce applications it is of paramount importance that they can
navigate inside the application easily.

The application's ease of use was tested by allowing 6 people to use its various func-
tionality and then rate their experience on a scale of 1 to 5. The test users were asked to
create an account and login, upload a product, leave a review, and change their personal
information. They were also asked to scroll through the home page ( 10.1) and search
page (10.4). The results from these evaluations will be discussed in Section 11.1 and
the form the test users were give can be found in Appendix B.

The test users were able to rate each feature on a scale of 1 to 5 (where 1 meant hard to
use and 5 easy to use). In order for a feature to be considered a success and complete,
the average score needs to be at least 3 or higher. For the application's ease of use to
overall be considered a success all features and screens need to be a success.

7.2 Data Usage

Taking the numbers from Section 2.3 into consideration, our application will aim to not
use more than an average 1 Mb of data per minute. This aim was agreed upon, after

13



8 Implementation of Database

comparing the data usage rates for other e-commerce services such as Facebook mar-
ketplace. Facebook has a higher percentage of users in the Western World compared to
Africa. [31] For example, 54.2% of the Swedish population uses Facebook, while ap-
proximately 10% of the Sierra Leone population uses it. [30, 29] Facebook might have

a reasonable data usage rate for their main consumers, but Amargbo is aimed towards
West Africa where, as previously mentioned, data costs are very high in relation to the
average income. Therefore, the aim for data usage was to set it lower than Facebook to
make it accessible to the targeted consumers.

To track the amount of data the application uses the program NetHogs was used. NetHogs
is an in-terminal tool that groups bandwidth by process [5]. It shows what processes on
ones system is using bandwidth and sorts them based off of how much. In order to track
the data usage of the Amargbo app, the application was started, its process was noted
and bandwidth recorded. When tracking the data usage we used the application in such
a way that we deemed most users would. Scrolled through the home page, searched for
products, left reviews etc. The results of this test can be found in Section 11.2.

8 Implementation of Database

The database is responsible for storing all data that the application needs to function.
Everything from information about a user and a product to communities and reviews.
Separate tables were created for users, products, communities and reviews. Appropriate
attributes were added to each tahlser_id , name andphone_nr were added to

the user table for example. The primary keys for all tablese( id , product_id
community_id , etc.) are serial, meaning that they increment for each new row
added to that table. Foreign key attributes were added to those tables that were re-
lated to another table in a one-to-one or one-to-many relationship. For example, the
fk_user_id  attribute was added to the products table since a product is sold by a
user.

Functionality like a user being able to join a community and users being able to follow
one another was added. The reason that new tables were needed for this was due to
the fact that the relationship between these tables (users to communities and users to
users) were many-to-many, meaning, a community can have multiple followers and a
user can follow multiple communities. The relational tables are needed to store these
relationships as a row in the table in order to later retrieve the relationships information.
These tables have three attributes, two foreign keys (one for each of the related tables)
and one serial id. An entity relationship diagram of the database can be seen in Fig-
ure 4. The gure shows that the model consists of four different tables (Product, Users,
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Community, Review) where each table has different attributes and relationships to each
other.

Figure 4 ER-Diagram of the database [20]

9 Implementation of API Server

The API server is the central point to which all instances of the mobile client application
communicate to. The API server is built upon the idea of endpoints. An endpointis a
speci ¢ URL path to which the web server assigns a certain function. For example if the
web server can be reached at the URtp://localhost then the endpoirping

could be used by sending a HTTP request to the WRp://localhost/ping .

The endpoints are grouped along the idea of different resources. A central resource in
the system is users which is represented with the endjusets . This resource can
thereby be interacted with by sending HTTP requests with different HTTP methods [16]
to this endpoint. The different HTTP methods the API server supports are GET, POST,
PUT, DELETE. The different HTTP methods can be thought of as representing different
“verbs” that can be applied to the resource. The HTTP method GET is used to retrieve
information from a resource, so issuing a GET HTTP request touders endpoint
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prompts the server to respond with information regarding its known users. Subsequently
the POST method is for uploading new data, PUT is for modifying existing data, and
DELETE is for deleting data.

Endpoints can also be nested to represent inheritanceis8s/1/products rep-

resent the products of the user with user ID one (1), the endjusiets/1/reviews

represent the same users reviews and so forth. Through these different endpoints and the
different HTTP methods the API server supports all operations needed to communicate
effectively with clients.

Additionally because of our aim of keeping data usage to a minimum, support for pag-
ination was added where appropriate. This is especially important on endpoints repre-
senting resources with products. This was implemented with the use of the query param-
eterslimit andoffset . These parameters can be set by appending them to the end
of the endpoint URL like sofusers/1/products?limit=10&offset=5 . The
parametetimit  represents the amount of entities you wish to retrieve aifst
represents the starting index of the retrieved entities. The above mentioned example
would therefore represent 10 products starting from the sixth. Allowing clients to only
retrieve a subset of all possible products in this manners enables them to reduce their
data usage by only retrieving the data they need from the server.

9.1 Password Hashing and Data-Transfer Security

When a user creates a account they are allowed to choose a password. This password
is passed through a hash function locally on the mobile device. This is a one-way
operation that maps the password to a unique array of data of xed size. This data
array is then used in place of the user's password, which is intentionally forgotten by
the application after the hashing operation. This way the user's password never needs to
be stored by the system in plain text or sent over a network. This removes opportunities
for potential malicious actors to gain access to users' login information in case of a
data breach. The speci c hash function used is bcrypt [23]. Bcrypt incorporates a set
amount of random data into the hashing process. This random data is commonly called
asalt Salts help protect from attacks that use precomputed tables of commonly used
passwords, as different instances of the same password will be will be hashed together
with different salt values.

To protect the data that does get sent over the network the system makes use of HTTPS [25].
HTTPS layers HTTP on top of an encrypted SSL/TLS connection. Encrypting the data
before sending it over a network decreases the risk of the data being intercepted in transit

by a malicious third party.
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10 The Different Pages of the Mobile Application

There are a lot of different screens in the Amargbo application that are designed for a
speci ¢ purpose. In this section both how the screens are used and how they work is
explained.

10.1 Home Page

The home page is the rst page the user sees upon launching the application. This page
can be viewed and interacted by anyone, regardless of if a user is signed in or not. This
page displays some of the most popular product categories in the form of a React Native
component calle#&latList, which are set to be scrollable in the horizontal direction. The
home page also includes a few of the most popular community chat-rooms. Thus, a user
can see which topic is trending and can decide to join the conversation.

Figure 5 Screen display of a logged in users home page
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10.2 Prole Page

Tapping the pro le icon located at the far right of tBettomTabNavigatowill navigate

the user to their pro le page. The pro le page displays all public information about the
user. Information such as their name, their listed products and their average rating. The
pro le page of another user can be accessed by pressing on their account name which
can be found on one of their chats, reviews or products.

On their pro le page, a user can change their personal information by pressing on the
cogwheel icon which will take them to the settings page. The settings page allows the
user to change different elds corresponding to information about them. When one or
more elds are changed the user can save these changes by pressing the Save button.
This will send a http-request to the API server which will in turn update the database
with the new changes. A user can also upload a picture to their pro le page. The image
uploaded will be compressed before being stored in the database leading to a lower data
usage both when being uploaded and when other users load the users pro le picture.
By pressing the '+' icon located next to the search eld, a user will be navigated to a
page where they can insert information about a product or service that will be uploaded
to the applications database. Once a product or service has been created by a user,
a subsequent product page will also be created for others to visit (discussed more in
section 10.5).
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(b) Screen display of the users joined com-
(a) An example of a pro le page munities

Figure 6 Screen display of the communities a user has joined and when joining
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Figure 7 Screen display when uploading a product

10.3 Chat Page

The chat page is the screen where users can send and receive messages from a few
different places. This screen is itself divided into three separate tabs. This screen is only
accessible for logged in users.
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10.3.1 Selling tab

If the user has uploaded a product/service to the application and received messages from
potential buyers, these conversations will be displayed in the selling tablatlait
component. Each product/service the user has listed for sale may each have more than
one interested buyer, thus, each item in f&tList component contains the conversa-
tions between all the interested buyers.

10.3.2 Buying Tab

The buying tab contains the conversations between the logged in user and a seller of a
product/service. All the conversations are displayed in the previously mentioned React
Native componenElatList.

10.3.3 Communities Tab

The communities tab is a very essential part of the application. This screen itself is
further divided in to two separate talddy communitiesand Join new communitye-
spectively. All the communities a user has joined are displayed in the rst tab in a
FlatList component, where each item is a clickable React Native component called
TouchableOpacity Clicking any of these components will navigate the user to the
chat-room for the clicked community, where a user can chat with other members of
the community.

In the second tab, there is yet anoth&atList component with items rendered Esuch-
ableOpacitycomponents. These items are all the communities which the user is not a
part of. Clicking on any of these items will prompt the user, asking if they wish to join
the clicked community. Upon joining, the item will be removed from BiatList and

be moved to thily communtiesab.
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(a) Screen display of a user joining a com- (b) Screen display of the communities a
munity user has joined

Figure 8 Screen display of the communities a user has joined and when joining
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(a) Screen display of a private chat (b) Screen display of a community chat
Figure 9 Screen display of private and community chats

10.4 Search Page

The search page is the screen where a user can search for products and services. The
user has two choices of searching, the rst is a regular search that would nd items
corresponding to the searched term. The second choice is to press anyTotitte
ableOpacitycomponents in thElatList that represent different types of categories such
asGardening Clothes or Hair products Pressing any of these categories would then
display a list only with items in the pressed category.
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Figure 10 Screen display of search page

10.5 Product Page

By clicking on a listed product one will be redirect to a product page where speci c
information about the selected product can be found. A longer description of the product
can be seen under the products picture. The sellers name is listed next to the product
and by clicking on it a chat will be opened where one can start communicating with
the seller. A follow button can be clicked to be noti ed about developments about the
product and seller.
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Figure 11 Example of a product page

11 Evaluation Results

This section discusses the results of the tests brought up in Section 7. The results of the
ease of use and data usage tests are analyzed and discussed and their success determined.

11.1 Ease of Use Test Results

The user test responses to the evaluation of the applications ease of use can be found in
Appendix B. The users tested were all IT-students with a technical background. These
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individuals were chosen due to their accessibility. This means that the results of this
evaluation is not necessarily completely re ective of the the results one might get if the
target demographic was tested.

The user test responses to the evaluation were uniform in most aspects. All users re-
ported that they were able to create an account and login. However, an aspect that was
not tested was the ability to upload a pro le picture so the usability of this feature can
not be guaranteed to ful Il our ease of use requirements. 4 out of 6 users also found
that the format in which one has to enter their phone number when creating an account
was unclear and needed to be speci ed. A just as uniform response was given regarding
the ability to upload a product to the applications store. All users were able to complete
this task and no negative comment was given when discussing this feature. The same
goes for leaving a review for another user. 2 of the 6 users commented that the feature
of being able to search for a speci c user in the search page was missing and something
that they would have liked to see in the application. When changing their personal infor-
mation, one user responded saying that they found it dif cult to access the page where
this feature is available.

When it came to the user test experience with scrolling through the home and search
page, they all had comments and critiques to give. A recurring critique was that the user-
interface looked a little monotone. The same color on every page made the application
look a little bland and incomplete, like a placeholder. The home page was said by all test
users to include the things one would expect from a "standard” home page. The home
page's content was reported by all users to include the things one would want from

an e-commerce application. Every user found the search page to function well. Like

mentioned previously, the only complaint aimed at the search page was that it lacked
the functionality to search for things other than products, such as other users.

11.2 Data Usage Test Results

The data usage test that was performed using NetHogs resulted in a data usage of 2.189
MB per minute. This value is more than double that of our goal, which means that this
aspect of the project can not be considered a success.

12 Results and Discussion

The result of the project is a functional application. The application provides a platform
for both individuals and businesses to easily sell new or used products. The user cre-
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ates an account where they rst choose to register as either a person or as a business.
Thereatfter, they can both buy and sell products as they wish. The application enables
people to make a pro le that they can customize to their liking. There is also func-
tionality to search for speci ¢ products, either by name or by category. The application
supports uploading images related to a product or service, and a pro le picture. The
community chat-rooms are functional and users are able to join and write to each other
through them. This is to facilitate peoples need to socialize and bond. The users are
able to rate each other based on their interactions. Each user thereby has an average
rating shown in their pro le along with reviews written by people that have interacted
with them through the application. This is done to create some security for the users
and prevent scamming.

The application can give the user the ability to start a business and get exposure through
the application. However, it still needs more development before launching the applica-
tion to account the potential risks as for example data leakage. The data usage aspect is
still too high since it does not achieve the set requirement of 1 MB per minute, the data
usage is instead around 2 MB per minute.

We have had user accessibility in mind the entire time during development. The appli-
cation has been tested by people outside of the developing team, where the feedback
initiates that the usability of the application is suf cient. Unfortunately, we have not
been able to receive feedback on the application from the targeted group of people,
meaning individuals and businesses in West Africa.

Even though we have concluded that the design of the application is intuitive and usable
enough for our set requirement, we still feel that the design needs to be further devel-
oped. The time spent on planning the design in Figma should have been longer and
more precise. Instead, we were unsure about our design throughout the development
process and made constant changes to it. We should also have had a closer collabora-
tion with the founder, Clementina Amankwaah, when rst working on the design. Not
collaborating with her led to ineffective work since later changes had to be made to ful-

Il her aspirations. The lack of a clear design prototype led to a design that was not as
aesthetically pleasing as anticipated according to the test users.

During the project the division of work could have been better. There were four peo-
ple working on back-end and one person working on front-end. This resulted in a lot
of functionality in back-end that was not integrated to the user-interface due to time
constraints. For example, one feature that was not implemented was the ability to Iter
products based on the users location. The application right now is not able to help the
user nd products in their intended area, which limits the applications usability. Due to
this limitation, we feel that the main purpose of the application is hard to ful Il. Not
providing an easy way of nding products and services in the users area makes the appli-
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cation hard to use as intended. A purpose of the application was to provide a sustainable
way of delivering product, not letting the user meet up in person, makes this dif cult to
ful Il

In the end, we believe that the projects result partly lled the purpose we had, as we
have created a platform for businesses and individuals to sell and buy items and ser-
vices. Should the application be released after developing the Itering by location fea-
ture, we believe that it will be sustainable. We conclude that it will contribute to closer
social bond and promote local production and consumption. However, since the appli-
cation will not be published to the public we can not say the application improves local
production. Although, a future variant of this application could.

13 Future Work

Some features proved to be outside the scope of this project and were there not imple-
mented. These features are described here and could be a added in the future.

13.1 Login Authentication via SMS

In the systems current iteration no real authentication outside of requiring a username
and password is done when a user registers a new account in the mobile application.
This is not ideal as this does nothing to prevent a person or an autonomous bot from
registering multiple accounts. A single entity possessing multiple accounts is a poten-
tial problems since this could be exploited for nefarious purposes, such as arti cially
increasing or decreasing another user's review score.

Adding more authentication when registering user accounts makes it harder to obtain
multiple accounts. A form of authentication that would have worked well for this project
would have been the authentication of phone numbers via SMS messages. This works
by only allowing each unique phone number to associate with a single user account.
Then when a user tries to create a new account via the mobile application, the user is
required to enter a randomized code into the application that is sent via a SMS message
to the phone number the user provided together with their chosen username and pass-
word. This code needs to be correctly entered by the user before the account is created.
This effectively prevents registering user accounts associated with phone numbers that
you do not own.

This feature was not implemented because sending SMS messages inherently incurs
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fees with a mobile service provider. This was deemed inappropriate for the academic
setting of this project and was therefore left out of this implementation. An additional
reason was that information regarding costs of receiving SMS in West Africa was not
found.

13.2 Digital Payment in Application

The application does not currently support in-app digital payment. A factor for the
exclusion of digital payment in the app was partly due to time constraints but in most
part due to the fact that in West Africa there are a multitude of different digital payment
services and banks in use that the app would have to support. Supporting all of these
different services would be an endeavor that could not feasibly be completed because of
time-constraints.

The different currencies in countries in West Africa also introduces challenges when in-
cluding payment through the application. The security aspects of the application would
also have to be awless in order to include digital payment. A user needs to feel com-
fortable enough to connect their bank account to the application and the amount of
security in place is not guaranteed to satisfy this at the moment.

13.3 Filter by location

As previously mentioned, the Amargbo application does not support ltering products
by the user's location. Instead, the user is compelled to scroll through all products that
match their search. Having this feature would make it a lot easier for the user to navigate
through the application and nd what they are looking for. The overall experience of
using the application would be a lot more pleasant, therefor this feature is vital for the
usability of the application.

14 Conclusions

The application is aimed towards the West African market due to a recognized need for
an application that facilitates e-commerce. During the development of the application
there has been a focus on data usage, internet access, security and other aspects that
have been deemed relevant for the West African market.

There is a variety of functionality present in the application. Users are able to create
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accounts and sign in with their phone number. Once logged in, a user can customize
their pro le page by changing the color of the header. Logged in users can then upload a
product with a given price, description and an image. Additionally, logged in users can
pin products uploaded by other users and browse through all the ads they have pinned.
Users can also give reviews to other users. A logged in users homepage is designed to
be a feed where one can browse the products uploaded by other people that the user is
following. Users are also able to search for speci ¢ products by name, or lter products
by category. Lastly, users can join community chat-rooms and discuss a variety of topics
with other people that have common interests.

The Amargbo application is not a nished product in its current state. The speci c areas
that need further development is data usage and the application's design. As of now,
the application is using too much data for it to be sustainable in West Africa because
of the previously mentioned high prices (Section 2.3) for mobile data in relation to the
general income of the area. For the application to be considered publishable and usable,
the data usage rates would need to be decreased. A sustainable level of data usage is
the amount that was set in Section 7.2. This can be reached through a more ef cient
network-request handling system, which can make use of caching more to decrease the
amount of network requests to the server. Another improvement would be to compress
images that are stored, since these are the major data consumers. Another reason why
the application is not ready for the market yet is the fact that there is no way of ltering
products by geographic location. This makes the application inef cient because a user
could browse through products that are far from their geographic reach.

To summarize, the application does have a lot of functionality in place, however, it does
lack a few essential parts that would need to implemented before deeming it nished
and publishable.
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A Ease of Use Form

Figure 12 Ease of use evaluation form (page 1)

35



A Ease of Use Form

Figure 13 Ease of use evaluation form (page 2)
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Figure 14 Ease of use evaluation form (page 3)
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B Ease of Use Form Results

Figure 15 Question 1 Response

Figure 16 Question 1 Comments
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Figure 17 Question 2 Response

Figure 18 Question 2 Comments
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Figure 19 Question 3 Response

Figure 20 Question 3 Comments
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