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Abstract

Abstract

International student mobility is on the rise. Even though international exchange programs
foster intercultural development, some contend that the environmental impact must be
considered more. This work project focuses on one piece of the complex puzzle:
overconsumption. In line with SDG 12, we propose an application called Repurpose, aimed at
effectively repurposing everyday items new international students buy but would otherwise
throw away at the end of their curriculum. The application is tailored to the global Gen Z
audience, leveraging Al for convenient experiences and considering the time gap when
international students leave and arrive. Due to its scalable SaaS nature and considerate business
model, the app has the chance to grow into a critical application for international students

worldwide.
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Introduction (Common Part)

1. Introduction

Having an international experience while completing tertiary education is an experience that
affects the student’s personal and professional development. It allows the new generation to
discover new cultures, perspectives, and lifestyles. In addition, learning about other places'
cultures continues to be very appealing and beneficial to people, nations, and our global society.
It changes their perspectives on different subjects and brings them closer to knowing exactly

how they want to build their professional career and what they want to be in the future.

Even though international exchange programs foster intercultural development, some contend
that such programs' environmental impact needs to be considered more (Shields 2019). Shields
assesses travel-related emissions and changes that result from a student’s consumption (e.g.,

energy use, food) while studying abroad.

International education indirectly contributes to climate change as aviation contributes around
3.5% to climate change, based on the Intergovernmental Panel on Climate Change (IPCC), the
intergovernmental body of the United Nations (Schmidt 2019). There is an ongoing discussion
about substituting international students’ mobility with online education, but virtual education
will not deliver the same experience as an actual exchange program. Ideally, global citizenship
is fostered with international education by promoting tolerance and intercultural understanding

when attempting to address global problems like climate catastrophe.

International student mobility has grown from 2 million in 2000 to 6 million students in 2020
globally (UIS 2022). More than 300.000 students study, train, or volunteer each semester under
the Erasmus+ umbrella (European Commission 2019). The number of students has increased

by around 10.000 in Lisbon from 2020 to 2022, reaching more than 128.000 (Pordata 2022).
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The United Nations Development Program (UNDP) founded the sustainable development goals
(SDG) in 2015. It is a program composed of 17 goals that aim to improve the life quality of
human beings on different levels and focuses. Goal number 12 focuses on sustainable
consumption and production (DESA 2022). The main idea is to find a method to meet human
needs while also considering nature; how we can protect natural resources so that future

generations may use them.

Because of these rising numbers of international students and in line with SDG 12, we propose
an application called Repurpose, aimed at effectively repurposing everyday items new students
buy but would otherwise throw away at the end of their curriculum. As such, we are trying to
avoid a significant waste generation at scale with peaks twice per year - at the end of each

semester.

The application is the result of months of low-code development and aims to be implemented
in different student cities across the globe. It leverages a marketplace model with a key

stakeholder: the drop-off location — often a university or campus.

1.1 Goals

In this project, we aim to develop a solution that can help reduce the carbon footprint of
international students. Our contribution will focus on responsible consumption. The primary
objective is to create an online marketplace that allows the repurposing of typical student items
(furniture, stationery, decoration, electronics, kitchen utilities, etc.) by new international
students coming in after others have left. This will help reduce waste and make it easier for

students to obtain the necessary things when moving to a new location.



Introduction (Common Part)

Additionally, our solution aims to improve the overall student mobility experience by
simplifying acquiring and transferring items. We aim to create a solution that promotes

sustainability and convenience for international students.

1.2 Challenges

This section will cover the challenges we have identified when trying to find a fitting solution

for the problem.

1.2.1 Bridging the time gap

One of the critical challenges is the often non-overlapping stays of incoming and outgoing
international students. In other words, it is pretty standard that an international student leaves
the country before the arrival of the new exchange student. The solution should consider this
time gap between the two streams of students — entering or leaving a city. This gap is usually

around two months (e.g., December and January or July and August).

1.2.2 User convenience

Finding a solution that is easy to use and convenient is essential, especially when targeting a
younger audience, such as international students. These students often have busy schedules and
may not have much time to spend on complex tasks. As such, a solution that is straightforward

and easy to navigate can be highly beneficial.

The target audience of international students is likely to be familiar with using online platforms
and apps. This means that if a potential solution is an app, it must be easy to use to appeal to
this demographic. To achieve this, the app should be designed with simplicity and ease of use
in mind, with a user-friendly interface and clear instructions that make it easy for students to

browse, search, and buy or sell items. Additionally, the app should be designed to be flexible
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and adaptable, allowing students to customize their experience and tailor it to their specific
needs and preferences. This could include personalized recommendations or object detection to

deliver a better user experience and outshine comparing platforms.

1.2.3 Safe and secure Communication and Transactions

Ensuring safe and secure communication and transactions between students is critical to the
solution. This requires the implementation of a reliable and secure communication channel that
can handle sensitive data with care. Any errors or misconfigurations could result in the loss of
money for the students, so careful control and monitoring of the transaction flow is essential to

prevent fraud and protect users.

1.2.4 Scalability

One essential requirement of our solution is that it should be scalable and adapt and grow as
needed to support international students in cities worldwide. To achieve this, the solution will
need to be designed and built with scalability in mind, using robust and flexible technology that
can support a wide range of users and transactions. This means that the potential solution should
not be limited to a single location or restricted by the number of users. Instead, it should be able

to support a large and growing user base across a range of areas.

1.2.5 Technology Stack

Nowadays, complex problems often require solutions leveraging technology. On the one hand,
considering investing in cutting-edge technology is a smart way to differentiate the business
from other possible competitors; yet this comes at a cost. Implementing this technology

necessitates using resources such as time, skills, and money.
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It is worth exploring various app development options outside the traditional coding paradigms
to develop something functional and entirely usable in a limited timeframe. This is a significant
factor, as the requirements for conventional app development usually include fluency in one or

more programming languages.

1.2.6 Business model

A sustainable solution comes with a sustainable business model. A solution that adds value
while also generating money allows growth and expansion. Coming up with a business model
that is fair and appealing to potential customers is a difficult task. The challenge here is to
generate money from trading secondhand products while simultaneously meeting the user's

willingness to pay.

1.3 Document structure

In chapter 1, we give a vision of the context of this thesis. We also present the goals and the
challenges of our research. Chapter 2 will introduce the business idea of Repurpose, a
secondhand marketplace for international students. In chapter 3, we investigate whether low
low-code programs could assist us in our mission. Then, we map the ideal customer journey on
our app in chapter 4. Chapter 5 outlines the business plan comprising benchmarking, revenue
discussion, and a go-to-market strategy. Technical implementations can be found in chapter 6.
The impact is studied in chapter 7. Chapter 8 summarizes early user feedback. Future work and

a general conclusion are outlined in chapter 9.
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2. ldeation

Starting from the challenges identified above, we gained insight into potential solutions,
detailed in section Error! Reference source not found.. Combining these insights gave rise to
a business idea discussed in section Error! Reference source not found., which should be

developed using a mobile app addressed in section Error! Reference source not found..

2.1 Tackling Challenges

The challenges listed above required us to make specific decisions, which combined allowed
us to narrow down on a single concrete solution. The time gap, for example, showed the need
for physical drop-off locations to store items that can be picked up later. The need for
communications, transactions, and scalability led us to rely on a digital solution. Convenience

could be achieved by providing a mobile-first experience for international students.

2.2 Repurpose Approach

The solution would be a niche online marketplace tailored towards international students, where
the goods of a person moving can be advertised. These can then be repurposed by someone who
arrives in the same city later and can buy items in advance. In the meantime, a middleman like
a university or a volunteer can store these goods and be eligible for a commission. The items
listed will be spread across six categories for the beginning: decoration, outdoor, bedroom,

furniture, electronics, and cooking. The number of categories can later be adjusted.

This digital product idea, named Repurpose, is very scalable by nature, as the same technology

can be embedded into every major student city worldwide.
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2.3 A Mobile Application

Mobile applications are beneficial for reaching and engaging with Generation Z students. This
generation, also known as Gen Z, is highly reliant on their mobile devices and is used to
accessing information and communicating through apps. Therefore, ideally, Repurpose should

be a mobile application available on Android and iOS.

You can find the application via the QR code below.
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3. Customer journey model on Repurpose

3.1 User types

Before diving into the journey, note that there are three main user types in our solution: (1) core
users that are sellers and buyers, (2) drop-off buddies, and lastly (3) admins. Each user type has
its screens and permissions associated. The seller and buyer have access to the listings, the
creation of listings, and buying options. Drop-off buddies can manage their inventory and
approve or decline new goods at their drop-off location. The admin verifies payments and can

intervene when malicious behavior on the platform is reported.
3.2 Signupandlogin

The user experience starts by either signing up or logging in, depending on whether it is a new
or existing user. If the student is a new user, they need to create an account by filling in a list
of fields such as email, username, password, and university. This information will help us in

the future to personalize Repurpose journey for a better user experience.
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Help us personalize vour experience
with Repurpose

Which item category you are interested in the most?

Decoration

Do you prefer new or used items?

New

Figure 1: Repurpose Login Screen

To ensure that the information inserted is in the correct format, we have implemented different
string-searching algorithms called regular expressions to ensure that we have good-quality data.
The same algorithm was implemented on the password to ensure that the user has chosen a
strong password that is not easy to hack. Once the student is signed up for the first time, they
can personalize the home screen by choosing their preferences regarding the product category
and condition. After setting up their preferences, the sorting of the listings will change by

prioritizing the user's interests.
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3.3 Listing Creation amplified Object Recognition

Add post

Are you trying to post:

bicycle

Choose other images:

Drop a file here or

Description

Home Search Add Inbox Profile

Figure 2: A Listing in Repurpose

Students interested in selling products can quickly post their items by filling in a list of inputs
related to the product category, condition, price, and overall description. To improve the user
experience of Repurpose, an object recognition feature was integrated to speed up the listing
process by auto-filling some of the information related to the item detected within the photo
uploaded by the student. The user also can upload multiple images related to the product to

highlight all related details.

After setting the price, the user can choose between selling the product in person or via the
drop-off option. When selecting “in person”, the buyer and the seller need to meet in presence.

The seller hands the sold item to the buyer in exchange for the specified price. When done

10
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through the drop-off option, the seller needs to drop off the product in a location that they can
select according to their location. Once the selling preferences have been chosen, the listing can

be submitted.

3.4 Drop-off Buddy Approval

Order status overview

Needs review

j"Loc:;

tvmonitor

Category: 6

Qo0

Figure 3: Drop-off Buddy Approval Overview

If the seller chooses the in-person selling preference, the product will be posted directly to the
home screen. When selecting the drop-off selling preference, the student needs to wait for the

drop-off buddy acceptance. The latter requires to log in to their account and check the item’s

11
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description and photos to decide whether they have sufficient space to store it. Once the drop-

off buddy accepts the listing, the item will be made available for sale publicly.

In the case of refusal by the drop-off buddy, they need to specify the reason and submit it. The
seller will get a notification about the rejection, possibly changing the drop-off location to a

newly available location or changing the selling preference to in-person selling.
3.5 Wishlist and Buying

The first step of any student interested in buying a secondhand item is to start checking the
home screen where all products will be available. The user can check the product by clicking
on its pictures for more details. All product details are displayed with additional photos. The
search screen can help filter the items listed by category and condition if they have a clearer

idea of what to look for.

If a student is interested but hesitant to buy one of the products listed, they can add it to their
wish list, consequently saving the listing for later in a separate folder to be found in the profile.

The wish list can be modified, and the user can add and remove any product.

Once the student has decided to buy an article, by pressing the “Buy” button, a popup screen
will appear to confirm the article and its price. At that moment, the student needs to confirm
the details displayed to proceed to the payment screen. The article will be reserved for the user
for three days at this stage. The product will not be available for sale during these days, and the
student needs to finish the payment process. If the payment process is not concluded within the

deadline, the product will be available again for sale.

At the moment, repurpose does not support in-app transactions. The payment needs to be made
outside the application, where the student has a list of payment methods they can use, like bank

transfer, Revolut, or MB way. More payment methods will be available in the future.

12
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Once the payment is made, the student must upload and submit the payment proof. This can be
a bank statement of the transaction or a screenshot of, e.g., a PayPal transaction. What is
essential is that the transaction amount, the transaction receiver, and the transaction titular must
be visible in the payment proof file. The student needs to wait for the admin to check the
payment proof. Meanwhile, he/they can check the payment status in their inbox screen where

the listing is displayed with the payment status “in progress.”
3.6 Payment Validation

The administrator needs to check the payment proof uploaded by the buyer, and he can accept
or reject the uploaded file. In case of rejection, the buyer must produce another payment proof
within the three days deadline. If the payment proof gets accepted, a QR-code will be generated
for the buyer to pick up the goods at the drop-off location. The payment status on the buyer’s

inbox screen will be updated, and the QR code will be added here too.

13
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3.7 Final steps

Hello this is adam 5

Hello Adam i am adam 6

hello | am the one who bought the sofa

When can we meet and where?

We can\

Figure 4: User Chat with Admin

If the product is sold in person, the buyer and seller can chat with each other to arrange a pickup

time and place.

If the bought item is stored in a storage location, the exact location of the pickup will be shared.
When arriving at the storage location, the buyer can show the drop-off buddy his QR-Code.
This is also a safety feature to prevent fraudulent people from showing up at storage spaces.

After the buddy scans the code from the buyer, the transaction is completed.

14
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4. Business plan

4.1 Competitive Landscape

PERCEPTUAL MAP

High Quality Service

Mass Market Niche Market

Low Quality Service

Figure 5: Perceptual Map Classification of Repurpose and Competitors

Benchmarking compares a company's operations or procedures to other firms, startups in the
same sector, or even the greater competitive environment. Any service, product, or process may
benefit from a benchmarking plan. This plan is used to learn, by comparison, assessing whether
there are better approaches, better technologies that can be used, alternative cost-cutting
techniques, which are targeted, and if you share the same potential customers, interesting ways
to strengthen customer loyalty or more effective methods of increasing profits. (Eloquens

2020).

Determining which factors are most relevant for the benchmarking analysis is essential. This

includes understanding the unique characteristics of a company's business operations, clients,

15
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and services to identify significant comparison areas. Common points of comparison among
organizations may include factors such as the product or service offered, the scale of the
business, the delivery style, the target market segment, and more. Understanding a company's
specific features and what sets it apart makes it possible to establish a definite competitive

advantage (Starr 2017).

We will evaluate the following two factors: The level of market segmentation (Niche market

vs. Mass market) and the service quality level.

4.1.1 Specific Applications

An interesting competitor in the same space is the mobile app "Vinted." Vinted specializes in
secondhand clothing and allows users to buy or sell items. It currently operates in sixteen
countries, including Portugal. As a previous user, Vinted targets a mass market where everyone
interested in buying/selling secondhand clothes can be a potential user. Its service quality is
also considered good since its mobile application includes customer support features and its

buying experience is well organized to avoid fraud.

On a national level, several mobile apps and platforms offer similar services, such as "Tayara,"
a Tunisian app that covers a wide range of product categories and does not have a specific target
market. Tayara is also targeting the mass market, but its service quality is low since the trading

process has no security measures, which makes its users prone to fraud.

Some other companies in the same space as Vinted and Tayara include Depop, ThredUp, and
Poshmark. Depop is a popular app for buying and selling secondhand clothing, particularly
among younger users. ThredUp is a fashion resale website that offers a wide range of
secondhand clothing and accessories. Poshmark is another app-based platform for buying and

selling secondhand clothing, focusing on high-end and designer items. These competitors
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demonstrate the potential for success in the secondhand marketplace and can provide valuable

insights for the development of Repurpose.

4.1.2 Social Media

Social media channels, such as Facebook and Instagram, are commonly used for buying and
selling secondhand items because they provide a large and easily accessible audience. These
platforms allow users to easily create listings and promote their items to a wide range of
potential buyers. Additionally, social media channels often have built-in features, such as
hashtags and search functions, which make it easy for users to discover and find items that are
relevant to their interests. Overall, the widespread use of social media for buying and selling

secondhand items makes it an essential consideration for any company operating in this space.

WhatsApp groups are also one of the very well-known ways of selling and buying products
within small communities like dormitories, schools, and students from the same bachelor’s or
master’s program. For example, NOVA SBE students use a WhatsApp group to sell and buy

secondhand items.

4.1.3 Amazon

Amazon is a crucial player in the e-commerce market and should be considered in the
development of Repurpose. Amazon's vast selection of products, convenient shopping
experience, and widespread customer trust make it a significant competitor in the online
marketplace. Furthermore, Amazon has several features, such as Amazon Marketplace and
Amazon Prime, specifically designed to facilitate the buying and selling secondhand items.
Therefore, understanding Amazon's offerings and approach to the secondhand market can

provide valuable insights for the development of Repurpose.
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4.1.4 Thrift stores

Thrift shops, also known as charity shops or secondhand stores, are a vital consideration in the
development of Repurpose. Thrift shops offer a physical location where customers can browse
and purchase secondhand items, providing an alternative to online-only platforms.
Additionally, thrift shops often have a loyal customer base and a reputation for offering good
value and supporting charitable causes. Therefore, understanding the appeal and advantages of
thrift shops can provide valuable insights for the development of Repurpose and help to
differentiate the app from competitors. Thrift shops target something other than the mass market
since their customer base depends on the shop's physical location. Adding to that, their service

quality is variable depending on after sales support level of each location.

4.1.5 The competitive Edge of Repurpose

Repurpose has several competitive advantages, including its creators' understanding of the
needs and preferences of international students. The app's focus on this specific market will
enhance the user experience and make it easier for users to find what they want. Additionally,
the creators' connections to networks such as Erasmus+ and NOVA SBE will help accelerate

the commercial launch and reach potential users more quickly.

The competitive advantages stated will allow the Repurpose application to be positioned on the
top right of the perceptual map (Figure 5) with increased quality service thanks to its admin

support and high exclusivity through its niche targeting.

4.2 Revenue model

In this section, we will discuss the financial aspects of the app in more detail. A revenue model
must be implemented to support ongoing development and hosting costs. Additionally, the

compensation for drop-off buddies must also be considered.
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4.2.1 Commissions

We plan to take a 5% commission on all transactions made through the drop-off feature, with
2% going to the drop-off buddy and the remaining 3% going to Repurpose. This would provide

a steady stream of income that scales with the volume of transactions on the platform.

4.2.2 Subscriptions

In addition to the commission-based model, we also plan to offer a Repurpose Premium option
for buyers and sellers. This premium version will include a notification system that alerts users
when items matching their search terms are listed. For sellers, the Premium version will reduce
the commission rate to 2%, making it more appealing for those with many items to sell, such

as at the end of a semester.
4.3 Go-to-market Strategy

A go-to-market (GTM) strategy is a plan that outlines the actions and approaches a company
will take to bring a new product or service to market and achieve its business goals. The GTM
strategy typically includes various activities, such as market research, product development,
pricing and positioning, distribution, sales and marketing, and customer support. Such a
strategy aims to help a company effectively launch and promote its products or services in a
way that maximizes its value and appeal to the target market, ultimately leading to increased

sales and revenue.

4.3.1 Product-market fit VValidation in Lisbon, Portugal

While specific data on the total number of international students in Lisbon is not available, it is
known that the University of Lisbon (U Lisboa) and NOVA University Lisbon each have a

significant number of international students. U Lisboa welcomes over 9,000, and NOVA
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University Lisbon welcomes over 3,000 each year (ULisboa 2022; Universidade NOVA de
Lisboa 2022). The high number of international students at these universities makes Lisbon a

prime location to launch an app geared toward this demographic.

Before launching in any city, various drop-off locations need to be created. An initial starting
point for this would be Nova SBE, the academic institution where the authors of this thesis are
currently studying. We count on them because it is a school that encourages its students to
create value from innovative products. More than 60% of the campus are international students
from more than 70 countries (Exchange from Nova SBE - Exchange Programs | Nova SBE,
n.d.). The Repurpose application aligns with the school’s vision of encouraging

entrepreneurship as a mindset the new generation should adopt.

As the product or service becomes more successful, additional drop-off locations can be added
to other campuses and universities in the city to increase exposure. The financial support from

the stimulus should assist in the expansion.

Once validation has been achieved, the next step is to expand the product to other cities and
countries. This can be accomplished through the use of networks and partnerships. In the

following section, we will discuss some of the networks that can assist in this process.

4.3.2 Partnerships for Growth

The GTM strategy could also include targeted marketing and outreach efforts to promote the
app to international students and encourage adoption. This could consist of partnerships locally
with student organizations and cultural associations, as well as targeted advertising on social

media and other relevant platforms.
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Moreover, the Erasmus program is one of the major exchange enablers. It was one of the
primary causes, if not the leading cause, behind the increase in the number of exchange students
from inside and outside Europe and between continents like Africa, Asia, and America. A
collaboration with the Erasmus program could increase the Repurpose market share, expand its
user base by accessing a critical number of new potential users and support our product
branding in Portugal in the short term. The application could be used worldwide in the long

term, which also fits our expansion strategy.

The Repurpose platform has the potential to operate not only in Portugal but also at different
universities around the world. With the help of the Erasmus program, the Erasmus Student
Network (ESN) around the world, and the Nova SBE school’s bilateral agreements with other
universities in 50 different countries (NOVA SBE 2022), the Repurpose application will have

the ability to expand worldwide.

Overall, a phased launch and targeted marketing efforts can effectively introduce the app to

international students and drive adoption and engagement.
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5. Impact

Repurpose's vision is to inspire and empower the new generation to make more
environmentally-friendly decisions. We are committed to driving positive change toward a
healthier, more sustainable environment. As a community, we are dedicated to promoting small
initiatives and actions that can significantly impact us. We believe that working together can

create a brighter and more sustainable future for all.
5.1 Emissions

It primarily tries to reduce students’ carbon footprint and CO2 consumption by encouraging
them to adopt the reusability concept giving items a new life. This will cut down energy and

resources used for producing new products and consequently scale down future waste.

For example, a study was made on the secondhand concept within the fashion industry. One of
the interesting findings is that fast fashion production generates 20% of the world's wastewater
and 10% of the world's carbon emissions, which is higher than the total emissions of
international flights and marine shipping (Okafor 2022). More precisely, and as an example, a
cotton t-shirt requires around 713 gallons (2,700 liters) of water to be made (Astoul 2021). Also,
we should mention that only 15% of worn textiles are recycled, with the remaining 85% ending
up in landfills or burnt. And most objects require a considerable amount of time to decompose
in landfills, possibly hundreds of years (Astoul 2021). This demonstrates even more how our

actions harm the ecosystem.
5.2 Financial impact

Additionally, this concept will help students save money and generate profit for the drop-off

buddy. In other words, we have designed an economic cycle where everyone benefits without
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harming the environment. By promoting sustainable practices and encouraging the reuse of
goods, we aim to create a win-win situation for all involved. According to many resellers'
pricing strategies, products in perfect condition are priced at 70% of their original price. In
comparison, items that are used and have seen better days are priced at 30% of their original
price (Stephenson 2005). According to Erasmus plus program, the average installation cost for
an exchange student is 1000€ (Public Health in Disasters 2022). Based on these numbers, an
exchange student that buys most of the items/products needed during his exchange experience

through repurpose application can save at least 500 €.
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6. Early user feedback

Incorporating user feedback from a diverse group of users can help ensure that the Repurpose
mobile application caters to the needs and preferences of a wide range of users. This can lead
to a more successful and well-received product. Additionally, gathering feedback from different
perspectives and points of view can provide valuable insights that can help improve the
functionality and usability of the application. We collected this feedback through Nova School
of Business and Economics live demos. This approach allowed us to observe the user’s journey

within the application.

The goal was to get more insight into the UX in different use cases: account creation, selling,
and buying. For each scenario, we focus on the time spent, whether the user will ask for help

and the specific suggestions for improvement.
6.1 Perceived Strengths of the app

Firstly, the object detection feature was well-received by most participants, who found it
exciting and innovative. Many were interested in how the Al technology behind the feature
worked. Participants also appreciated that using the object detection feature reduced the time

required to post an item, as many fields were automatically filled.

In addition to the object detection feature, participants appreciated the ability to quickly contact
the help center and make inquiries or report suspicious items for sale. They also liked the option

to message the seller after purchasing an item and arrange a meeting to exchange the product.

6.2 Current Weaknesses

Participants mentioned several areas for improvement in the application. Many suggested that

the app's aesthetic design could be more colorful and engaging to encourage users to spend
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more time using it. Some participants found the login process too lengthy, and others had
trouble using the object detection feature, which didn't always correctly identify items.
Additionally, some users felt that the available drop-off locations were limited, and others
wanted a broader range of categories to choose from. Finally, many participants expressed
concerns about the manual payment verification process and its ability to scale up as the number

of users grows.
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7. Conclusions

In this work project, we proposed a way to reduce waste generated by international students.

The solution is a mobile app developed in the OutSystems low-code environment that is

scalable and can be implemented in student cities worldwide.

While the fundaments of the application and its business model are built, future work is

necessary to (1) grow on and (2) satisfy user needs. Growth can be achieved by implementing

a sound go-to-market strategy. While we did not discuss it in detail in our text, we laid out a

roadmap for further development efforts:

1.

Improve the aesthetic design of the application by defining a unified theme for the user
interface.

Develop a marketing strategy to attract more drop-off buddies quickly, focusing on
social media platforms like Facebook and Instagram and starting talks with institutional
partners like Erasmus+.

Expand the list of categories to include new categories based on the specific needs of
different schools and countries.

Implement a more flexible monetization process that considers factors such as the
product's size, the product, the condition of the product, and the user's subscription type.
Rethink the payment process and consider implementing an Al system to verify
payment proofs automatically.

Prepare a list of must-have items for international students based on their geographical
location to facilitate their integration into the local lifestyle.

Analyze data collected through the application to understand users' needs and

personalize their experience within the app.
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These objectives will help Repurpose grow and expand while offering a high-quality user

experience.
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1. Literature review

Developing a mobile app can be a challenging process for several reasons. First, creating a user-
friendly and intuitive app requires a deep understanding of user experience design and the
specific needs and preferences of the target audience. This can be particularly challenging when
developing an app for a global or diverse user base. Second, creating a high-quality app requires
a solid technical skill set, including expertise in software development and programming
languages such as Java and Swift. Finally, developing and launching a mobile app can be time-
consuming and resource-intensive, requiring significant investment in both time and money.

These challenges can make creating a mobile app a complex and difficult process.

We want to investigate low code as a development approach for these reasons. This section
discusses the different considerations when developing in a low-code environment. First, we
explain what low-code development entails. Then we zoom in on practical, infrastructural, and

architectural considerations.

1.1 Low-code Development Platforms

Low code development platforms (LCDPs) allow developers to create applications without
extensive hand-coding. Instead, developers use a visual interface to design the app's user
interface, business processes, business logic, and data models. This approach, known as "drag-
and-drop" development, allows for greater agility and flexibility than traditional hand-coding
methods. LCDPs are particularly useful for rapid prototyping and building applications
requiring complex functionality without much custom coding. Overall, LCDPs can be valuable
for developers who want to create applications quickly and efficiently. (OutSystems, s.d.).
LCDPs allow individuals with limited technological backgrounds to build and deploy desktop

and mobile applications relatively easily (Sanchis et al. 2020; Waszkowski 2019). This new



paradigm in app development is welcomed by many enterprises, as it allows them to respond
to changing business needs and market conditions more quickly and effectively (Sanchis et al.

2020).

According to a Gartner study in 2019, three-quarters of large enterprises will use at least four
low-code development tools for IT application development and citizen development initiatives
by 2024. Furthermore, they claim that more than 65% of application development activity will

be generated through LCDPs (Vincent et al. 2019).

1.2 Practical Considerations of LCDPs

Although the growth and adoption of LCDPs have been impressive, there still needs to be a
greater understanding of how to apply these tools effectively, particularly among small and
medium-sized enterprises (Elshan and Dickhaut 2021). Using a SWOT-analysis framework, we
will summarize the literature about the strengths; weaknesses; opportunities; and threats of low-
code application development in a business context. This framework allows us to organize and

evaluate the existing literature on this topic.

1.2.1 Strengths

The Link between IT and Business Departments

Common LCDP languages can help break down silos and bring IT and business teams together.
By using red language and a set of tools, these teams can work together more effectively to
develop applications focused on end users' needs. This can allow tech-savvy business
employees to work on less demanding development tasks while the IT department focuses on
more complex and challenging issues. As a result, the use of LCDPs can help to improve
collaboration and communication between IT and business teams, enabling them to work

together more effectively to develop high-quality applications. (Elshan and Dickhaut 2021).



Speed

The use of LCDPs can often lead to faster delivery of tangible results compared to traditional
development approaches. This is due to several factors, including more efficient requirements
analysis, the ability to reuse front and backend artifacts developed in previous projects or by
the online community, and the ability to make rapid changes and adaptations to the app (Elshan

and Dickhaut 2021).

Competitiveness

Leveraging LCDPs and tech-savvy specialist employees is a solution for the IT workforce
shortage and, overall, also contributes to digitization in companies wanting to position
themselves for the future. This approach also fits well with the needs of startups, who can use
LCDPs to quickly validate the product market fit of their business ideas (Elshan and Dickhaut

2021).

1.2.2 Weaknesses

Dependency

One of the potential drawbacks of using LCDPs is the risk of vendor lock-in. Because they
often do not provide the generated code, app producers rely heavily on the vendor and their
deployment services. This can make it difficult to switch to a different vendor or platform if
necessary. Additionally, low-code application projects are not easily migrated to other LCDP
environments, limiting the flexibility and adaptability of these tools. Lastly, the use of LCDPs
is subject to market dynamics, as the field is still relatively new. This means that LCDP firms
may stop operating their platforms or significantly increase prices, which can impact the

viability and sustainability of low-code application projects. (Elshan and Dickhaut 2021).



Limited Functionality

Another potential limitation of low code development platforms (LCDPs) is the limited scope
of their applications. Although LCDPs are potent tools that can be used to develop a wide range
of applications, their capabilities are still somewhat limited compared to traditional
development approaches. Not all applications can be developed using LCDPs, and some
projects may require custom coding or other specialized tools to achieve the desired
functionality. (Elshan and Dickhaut 2021). Consequently, classic development work will still

be necessary, explaining the low in ‘low code.’

User Interfaces
Deviating from the default user interface provided by the LCDP or making them beautiful and

easy to use can be challenging (Elshan and Dickhaut 2021).

Numerous heterogeneous platforms

Because hundreds of LCDPs on the market have unique features and capabilities, it can take
time for decision-makers to choose the best tool for their needs. This requires a thorough
understanding of the capabilities and limitations of different LCDPs and the specific
requirements of the business problem at hand. Without this understanding, organizations may
choose an LCDP that is not well-suited to their needs, leading to suboptimal results and wasted

resources. (Sahay et al. 2020)

1.2.3 Opportunities

Digitization and Modernization
One of the key benefits of using LCDPs is that they allow organizations to tackle digitization
cost-effectively. By using LCDPs, organizations can automate repetitive, manual, and error-

prone tasks, leading to efficiency gains and long-term cost savings. LCDPs can also help make



complex digitization projects more feasible and attractive, as they provide an easy-to-use and
low-risk way of developing and deploying the application. Digitization projects previously
deemed too complicated can now gain a renewed interest in a low-code context (Elshan and

Dickhaut 2021).

Employee Empowerment

Another advantage of LCDPs is that they can empower employees to take ownership of
digitization efforts, even with minimal training and limited programming knowledge. Because
LCDPs provide a user-friendly, visual interface that allows employees to develop and deploy
applications without the need for extensive coding skills, they can help to break down barriers
and encourage greater collaboration between IT and business teams. This empowerment can
generate a sense of enthusiasm and excitement among employees, as they can contribute to their

organization's digitation in a meaningful way (Elshan and Dickhaut 2021).

1.2.4 Threats

Resistance

Adopting low-code development platforms (LCDPs) in a company can be seen as a potential
threat to existing jobs. It may be met with skepticism from IT staff, who may prefer their
traditional methods over using a tool that guides and limits their work. Additionally, using
LCDPs may result in IT personnel being tasked with additional maintenance work, potentially

leaving them feeling under-challenged and unfulfilled. (Elshan and Dickhaut 2021).

Shadow IT
When employees from specialized departments develop their own solutions, it can increase the
risk of shadow IT. This can result in a fragmented portfolio of apps that are difficult to manage

and maintain. Additionally, these apps may not be subject to regular compliance and safety



checks, potentially jeopardizing security and data protection. Lastly, shadow IT can make it

difficult for a company to maintain a consistent corporate identity (Elshan and Dickhaut 2021).

Technical debts

These platforms may only sometimes adhere to programming best practices, data protection,
compliance, and governance rules, potentially saving time and money in the short term but
leading to negative consequences in the long term. For example, as noted by Elshan et al. in
their paper, LCDPs sometimes conform to established software development practices that

minimize redundancies in code, making maintenance more difficult.
1.3 Infrastructural considerations of OutSystems

OutSystems is an LCDP that allows users to create desktop and mobile applications that can
run in the cloud or on-premises. It offers many built-in widgets and features, including
publishing applications with a single click. Some applications that can be developed using
OutSystems include billing systems, customer relationship management (CRM) systems,
enterprise resource planning (ERP) systems, operational dashboards, and business intelligence

solutions. (Sahay et al. 2020).

We highlighted general practical considerations about low code development in section 4.2. In
section 4.3 and section 4.4, we will discuss infrastructural and architectural properties
specifically for OutSystems, respectively. IT infrastructure is the hardware, software, facilities,
and service components that support the delivery of business systems and IT-enabled processes

(Gartner, s.d).

When using OutSystems, users can deploy and run their applications in the cloud or on-
premises. Applications that are running on-premises are installed and run locally on a

company's computers and servers, whereas cloud-based applications are hosted and run on a



vendor's servers. OutSystems also supports hybrid deployment options that combine on-
premises and cloud-based components. The choice of deployment option will depend on
various factors, including the size and complexity of the application, the amount of data it will

generate, and the availability and scalability requirements of the application.

Applications built using OutSystems can be hosted within the proprietary OutSystems Cloud
infrastructure, which provides a managed environment for developing, testing, deploying, and
running mobile and web applications. The physical infrastructure of OutSystems Cloud is
hosted on Amazon Web Services (AWS) by default, but customers can also choose to use other
infrastructure-as-a-service (IaaS) providers. OutSystems' internal architecture abstracts the [aaS
layer, allowing applications to be portable across different providers. This will enable
customers to use the IaaS provider of their choice, allowing them to take advantage of each

provider's specific features and capabilities.

Regardless of the infrastructure type selected, an OutSystems deployment requires both a
platform server and an application server. The platform server is responsible for taking the
visual models, elements, and features built in the OutSystems environment and performing all
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Figure 1: Outsystems Deployment Process



the necessary steps to generate, standardize, optimize, compile, and deploy the application code
(e.g., HTML, CSS, JavaScript, SQL, and .NET) to a web application server or package it into
a native mobile app. This allows developers to focus on creating and customizing the
application without worrying about the deployment process's underlying infrastructure or

technical details.

OutSystems provides a tool called Lifetime that allows users to set up different environments
for their applications. It is common to have separate development, test, and production
environments, as shown in the graphic above. This enables developers to test and validate
different versions of their applications before releasing them to the public. This is an essential
step in the development process, as it helps ensure that applications are stable, reliable, and
ready for use by users. By using separate environments for development, testing, and
production, developers can ensure that their applications are properly tested and validated

before release, reducing the risk of errors or problems.

1.4 Architectural Considerations of OutSystems

The architecture of a system refers to the design of its components and the relationships between

them, whereas the infrastructure relates to the underlying components that make up the system.

When designing the architecture of an application, it is crucial to identify all application,
business, and user requirements and model them appropriately. Additionally, it is necessary to
investigate potential integration points with legacy applications or databases. When relying on
a single technology like OutSystems, finally, one should evaluate what can be done natively
using the platform and what will need to be done manually. This will help ensure that the

system's architecture is well-designed and able to support the application's requirements.
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1.4.1 Requirements

Requirements engineering is a complex topic that involves identifying, documenting, and
analyzing the requirements for a system or application. There is a wide range of approaches to
requirements engineering, and interested readers are encouraged to consult the relevant
literature for more information. When developing applications using OutSystems specifically,

a few critical considerations should be considered related to requirements.

Firstly, from the user stories, it should be clear whether a “reactive web app” or a “mobile app”
should be developed. A reactive web app is a responsive web-based application that runs in a
web browser and requires an internet connection. It is designed to be able to run on a variety of
devices and screen sizes. Reactive web apps can be developed using a single development
paradigm for both web and mobile and are suitable for applications that do not require access
to devise hardware or sensors or the ability to work offline (OutSystems n.d.). In contrast,
mobile apps are compiled into native Android or iOS applications using the Apache Cordova
framework. This allows developers to create mobile apps that offer a native mobile user
experience, access to device hardware and sensors, store data locally, and work offline. Mobile
apps can be distributed in two ways: as a native app package downloaded from an app store or

as a progressive web app (PWA) directly installed from a website without needing an app store.

During the requirements engineering phase, it is vital to identify and document the users who
will interact with the application and the permissions each user type should have. This will help
ensure that the application is appropriately and correctly configured to the appropriate level of
access, features, and functionality they need. For example, some users may be able to access
specific actions or pages, while others may not. It is also essential to consider how user
permissions will be managed and enforced within the application and to design the application's

architecture and security controls to support these requirements.
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When developing mobile applications with OutSystems, it is crucial to consider which native
device capabilities should be leveraged using Cordova plugins. Cordova plugins allow mobile
applications to access the hardware and sensors of the device they are running on, such as the

camera, GPS, and contacts.

1.4.2 Integrations

OutSystems offers a variety of integration options to meet the needs of different applications.
These include prebuilt connectors for SAP and REST, and SOAP integration solutions.
OutSystems also supports exposing and consuming REST APIs and SOAP web services. Out-
of-the-box connections are available for popular databases such as SQL Server, Oracle,
MySQL, and DB2. Users can leverage open-source connectors or the Integration Studio for
more specialized integrations to connect to other software, apps, or databases (OutSystems

n.d.).

1.4.3 Feasibility in low code

Research has shown that there may be limitations to what low-code platforms can offer, mainly
when dealing with complex problems (Luo et al. 2021). They might lack customization

possibilities, or coding is necessary at some point, eventually and unexpectedly.

OutSystems relies on its community and its Forge repository of downloadable components to
address the potential limitations of low-code platforms. These components are open-source
extensions that include wrappers for public open-source software development kits (SDKs),
libraries, and plugins. In addition to these pre-built components, OutSystems allows developers
to extend the platform with custom code, including JavaScript, CSS and HTML, C#, and SQL.

This will enable developers to add custom functionality and overcome any platform limitations.

12



To avoid unnecessary surprises, it is thus essential to analyze whether the problem can be solved

alone on the platform. If not, one should be mindful of the implications.

1.4.4 Data modeling

Creating a data model is a crucial first step in building an OutSystems application. The entity-
relationship (ER) model defines the application's data persistence requirements and provides an
overview of the entities and their attributes. During the data model construction, several
configurations must be made, including defining relationships between entities, determining
the cardinality of those relationships, identifying primary keys, and setting delete rules. Once
the data model has been created, developers can build the user interface (UI) using templates
and pre-made building blocks. This process is further discussed along with examples in chapter

6.
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2. Architectural, infrastructural, and practical decisions

In this section, we take the considerations listed into account and combine these with decisions

explicitly made for the Repurpose application made in the OutSystems environment.

2.1 Practical Decisions

No further elaboration is needed for the strengths and opportunities of working with LCDPs, as
they are perceived as the main drivers to choose for low code. Including them here would bias
the discussion. In what follows, we will address how we deal with the weaknesses and threats

of LCDPs in the OutSystems context.

2.1.1 Weaknesses

Numerous heterogeneous platforms. A recent survey has made an overview of the most potent
LCDPs, comparing functionalities such as graphical user interface, interoperability
possibilities, security support, collaborative development support, scalability, etc. While
OutSystems is included in this shortlist and is thus a good choice, the report shows that other
competitors still perform better across the evaluation areas (Sahay et al. 2020). We expect that
the number and quality of these reports will only increase, enabling companies to make an

educated choice according to their needs.

Dependency. OutSystems claims to be the only solution that offers “no lock-in.” Their
discussion on this topic is threefold. (1) As the platform does not use a custom runtime engine
to run generated applications, they do not rely on OutSystems anymore to run. (2) All visual
model data artifacts are mapped directly into database native concepts. OutSystems enables
data access through any standard ETL, BI, or another third-party database tool. (3) Furthermore,

the code of the applications is also generated towards a standard architecture (e.g., ReactJS for
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the front end, C# for the back end). Applications are deployed into a standard web application
server of choice. These guarantees should assure customers that their IP is not lost if they ever
stop using OutSystems, and applications will continue to run as-is in their environment.
However, nothing is said about extracting or transferring the codebase or visual building blocks

toward another low-code environment.

Limited functionality. Nevertheless, a feasibility mapping of the requirements might help grasp
the development scope. The OutSystems functionalities can be extended by relying on

OutSystems Forge, a library of open-source components to download.

User interfaces. As the idea of this app is an internal university application embedded in
international mobility contexts, Ul expectations are lower than a commercial app. Therefore,

we prioritize UX over Ul on the roadmap: a convenient buying process for all stakeholders.

2.1.2 Threats

Shadow IT. Implementing this app into academic institutions might bare some fragmentation
risk as they often already rely on a combination of various separate apps. At NOVA SBE, for
example, Moodle, NetPa, Outlook, Jobteaser, etc. However, the student hub page provides
students with an overview of all available apps and thus can include our app. We will also have
to ask the administration to perform compliance and safety checks. Lastly, we can tweak the

design to fit the brand guide.

Resistance. Given that Repurpose solves a problem outside of the core activities of NOVA or
other academic institutions, we can count on flexibility to work with the application. In fact,

this application might create additional jobs.

Technical debts. This might be the most important consideration. The application was

developed in a few months and should be implemented on campus by 2023. However,
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maintenance is not guaranteed since the founders will graduate and leave Lisbon. A new local

manager who can take up operational tasks and ensure quality and safety has to be appointed.

2.2 Infrastructural decisions

For the Repurpose application, we have chosen a cloud infrastructure via OutSystems Cloud
rather than relying on on-premises servers. This allows us to develop, test, deploy, and run
mobile and web applications without worrying about dealing with the administrative aspects of

the platform technology.

The Lifetime tool allows us to easily push app versions from the development environment to

the test environment and finally to the production environment.
2.3 Architectural Decisions

2.3.1 Requirements

User stories of the format “As a ... [ want to ...” were collected in a Kanban board in Trello.

This allowed us to work on individual parts of the needed functionalities while developing.

The user stories clarified that we needed to choose a mobile app. Since users often take photos
of the items they want to sell with their phones, it is convenient to put the listing online from
the same device. The PWA distribution method allows for easy and cost-free distribution. If the
business model is validated, we can buy distribution licenses through the Google Play Store

and the Apple App Store.

Since we need camera access natively on devices, we rely on the Cordova plugin. At the

moment, we do not use other Cordova plugins. This might come later.

The following text describes the three types of users in the application: admins, students, and

drop-off facilitators (called "drop-off buddies" in the app). Students are the "core users" and
16
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have the same access and rights in the app, while admins and buddies have additional rights.

Students can be buyers, sellers, or both.

In the application, the admin is essential, particularly in buying. The admin is responsible for
verifying payment and the amount received with the listing price. The admin also manages user
reports about stolen or misrepresented products and suspected fraudulent behavior. The admin
can delete posts that don't align with the app's terms and conditions. Admin access is only
granted through promotion by a system administrator, and for security reasons, admins cannot

promote other users to the admin role.

Buyers and sellers in the application have the right to post listings, purchase items, and user
settings for their accounts. These settings allow for basic account management, such as resetting
passwords or updating personal information. They can also search for specific items using the
search bar or filtering by category and condition. Additionally, buyers and sellers can chat with
the support team for help with any issues they may have within the app. If they come across a

suspicious post, they can report it to the admin for action.

Drop-off facilitators, or "buddies," are authorized to manage a storage location. During the
registration process, buddies must register themselves along with the location they manage.
When a user wants to store something at a buddy's location, the buddy can accept or reject the
request based on space availability. Only after accepting the seller's request will the listing be

publicly available on Repurpose.
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A summary is provided in the figure below.
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2.3.2 Integrations

The product is new and, as such, does not currently require integration with legacy business
applications or code. However, it utilizes an API for object detection (UbiOps YOLO) to

recognize the items in the listing's photo and automatically fill in relevant fields.

2.3.3 Feasibility in low code

While it was expected that enabling payments within the app would be straightforward, a
significant amount of time was spent researching the best approach. Ideally, users could use
their PayPal or credit card to pay for an item immediately. However, during the short

development period, it became clear that customizing OutSystems Forge assets for our product
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would take too much time. As a result, we implemented a temporary solution for handling

payments independently. This is an area that requires further work in the future.

Apart from the above, all the required functionalities are in place with limited use of open-

source components from Forge.

2.3.4 Data modeling

To begin the development of the application, we started by defining the backbone of the data
model. This is a relational database that is queried using SQL commands. The main concepts
stored in the database include listings with photos, users of different types, wish lists, and drop-
off locations. This data model forms the foundation of the application, enabling it to persist and

manage the information necessary to support its functionality.
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Figure: Repurpose Data Model

The data model includes two highly connected tables: the Student table and the Listing table.
The Student table consists of core users, including buyers and sellers. It inherits attributes from
the User table, a default component in OutSystems. The Student table is also linked to several
other tables that store security data, buying preferences, and agreements. A student can be
linked to one or more listings either as a seller, through a payment proof as a buyer, or by saving
an item to their wish list. The Listing table contains various attributes and static entity types,

such as Category. Users can only select from predefined categories when creating a listing.
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Figure: Drop-Off Buddy Database Relations

The Listing table is connected to several image tables, including one that stores a dedicated
cover image shown as a thumbnail on the listing overview page and another that stores all
additional photos that the seller wishes to include. This allows the application to manage and

display the images associated with a listing flexibly and efficiently.

The data model also includes an implementation for drop-off locations, as shown in the figure
below. The drop-off buddy inherits all properties from a typical user in OutSystems and can be
the owner of multiple drop-off locations. A drop-off location can contain multiple listings, and

the drop-off status provides information on whether a listing has been approved for drop-off.
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Currently, only one person can own a drop-off location, which may be a limitation for facilities

with multiple admins.
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