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TEEM 2022 Preface

We celebrated the tenth edition of the Technological Ecosystems for Enhancing Multicul-
turality (TEEM) International Conference in the University of Salamanca, the institution
in which it was born. Nine years ago, this academic conference project started. We had
the goal to create a new interdisciplinary event in which the new advances in technology
would be reflected in the resolution of the problems of Education and the Knowledge
Society. We pursued the establishment of a new research community with a strong aim
to help Ph.D. students to have opportunities to know and collaborate with consolidated
researchers worldwide.

Looking back, we are very satisfied with the obtained results. We are a consolidated
research community that has grown, many research projects were born in the previous
editions, many collaborative papers in prestigious books and journals have been pub-
lished, many international internships have occurred, but we are very proud because tens
of new Ph.D. participated in the previous editions of TEEM Doctoral Consortium track
and contribute to help the future Ph.D. to be part of the TEEM family.

This edition is a reunion event, fully face-to-face, after two editions in virtual and
hybrid mode due to COVID-19. More than one hundred and ninety researchers shared
their scientific advances in this tenth edition. Some of them were new, but most of them
were regular participants in this conference, which reinforces the original idea of forming
a solid scientific community.

It is also important to say that this TEEM tenth edition was within the European
Campus of City-Universities (EC2U) Alliance (https://ec2u.eu/), co-funded by the Eras-
mus+ Programme of the European Union. The EC2U is a multi-cultural and multi-
lingual Alliance consisting of seven long-standing, education- and research-led, locally
and globally engaged universities from four diverse regions of the European Union: the
University of Coimbra, the University of lasi, the University of Jena, the University
of Pavia, the University of Poitiers (Coordinator), the University of Salamanca and the
University of Turku.

TEEM 2022 has had 210 submissions from which 145 full papers were accepted;
that is, there is a 30% rejection rate. These papers have involved 424 authors from 26
countries.

The TEEM 2022 was organized in 16 thematic tracks that covers research areas
such as Educational Assessment and Orientation, Human—Computer Interaction, Com-
puters in Education, Communication Media and Education, Medicine and Education,
Learning Analytics, Engineering Education, Robotics in Education, Diversity in Edu-
cation, Gamification and Games for Learning, Smart Learning and Laboratory-Based
Education.

In addition to the regular sessions, the TEEM 2022 edition featured three prestigious
guest speakers. Firstly, Gema Parrefio Piqueras, Developer Advocate at Iterative, gave
the inaugural keynote entitled “Alignment of language agents in video games.” Dr. Oriol
Borras Gené, Professor at Universidad Rey Juan Carlos (Spain), gave a keynote entitled
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“3 years escaping from a room, learned lessons.” The closing lecture was given by Dr.
Ricardo Colomo-Palacios, Full Professor at the @stfold University College (Norway),
with the title “Academia-Industry collaboration: a view from IT.”

We would like to thank the members of the Steering Committee for their counsel
and the International Scientific Committee for their accurate and timely reviewing. We
would also like to thank the Track Chairs for their efforts in organizing the academic
issues related to each track and the Organizing Committee for their huge effort in all
the associated tasks that an international conference involves. We would like to do a
special mention for the Editors-in-Chief of the linked journals that have offered special
issues or slots in their regular issues for those selected and extended papers of TEEM
2022 conference that will have another in-depth review following the guidelines of
each journal. Last, but not least, we would like to thank the participating organizations:
University of Salamanca, Research Institute for Educational Sciences at the University of
Salamanca, GRIAL Research Group and European Campus of City-Universities (EC2U)
Alliance for their support.

Next year, we will continue with eleventh edition of TEEM Conference that will be
held at Braganca, Portugal, organized by Instituto Politécnico de Braganca.

October 2022 Francisco José Garcia-Pefnalvo
Alicia Garcia-Holgado
TEEM 2022 Conference Chairs
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Abstract. This paper describes a mobile application, developed in an
educational context, by the students of the Degree in Computer Engi-
neering of the Instituto Politécnico de Bragancga, allowing them to
develop skills, based on real-world community problems solving, promot-
ing by this way its engagement, and, at the same time, provide a solution
to an effective need of the local community. The developed application
has as goal to support the Human Veterinary Resources Management in
a Low Density Population Context.

1 Introduction

Braganca is a small town from the northwest of Portugal that struggles with
dimension and scale problems, being the only district capital that do not has
an Veterinary Hospital that can provide a service 24/7 service. The need for
this application arises from this very specific, uncommon context, characterized
by areas of low population density, where it is not sustainable to maintain a
full-time public service. The solution found resorts to several private providers
of veterinary services to, as a whole, ensure this service to the population on a
full-time basis. The particularity and rarity of this scenario makes the creation
and commercial exploitation of this type of product unfeasible. It was in this
context that the challenge was posed to the students of the Degree in Computer
Engineering at the Instituto Politécnico de Braganca, allowing them to develop
skills with real problems and, at the same time, provide a solution to an effective
need in the region, promoting by this way its engagement [1-3].

However, this requires considering unusual aspects in the development -
which are related to the fact that students will not be available to meet future
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administration or maintenance needs. First of all, avoid the existence of physi-
cal equipment, namely servers that, in addition to having a relevant acquisition
cost, sooner or later, need updates - for example, security updates. Avoid having
its own services that also require maintenance, such as HTTP/S or database
servers.

The particularity of the present context results that there are no other ref-
erences that can be directly compared with the work proposed by the authors.
However, there are some projects that share the same position of contributing
to the common well-being and developed in an academic environment.

The paper is structured as follows initially an introduction section will contex-
tualize the problem, then the related work, followed by the application functional
requirements will be introduced, then the proposed solution and its implemen-
tation will be described and finally some conclusions and future work will round
up the paper.

2 Related Work

One of the most active areas is the surveillance systems for public health related
to animal diseases. There are many projects that take place in the most diverse
geographical realities, as a result of the need to identify potential pandemics
in time, understand their evolution and the impact they may have [4,5,7,8].
A real-time disease surveillance enables awareness of practitioners, students and
veterinary technicians with an increased awareness of state and regional livestock
disease.

Among the many projects, the “Improving the Sustainability of Rural Veteri-
narians Through Mentoring, Targeted Education, Telemedicine and Monitoring
of Disease Syndromes” project [6], funded by the U.S. Department of Agricul-
ture National Institute of Food and Agriculture grant, led by the Texas A &
M AgriLife faculty, through which it has developed the Veterinary Syndromic
Surveillance System, which provides an app and website to track diseases - that
allows veterinarians to check online if what they see in the field is unique to their
area or part of a pattern.

Other related work was report by [9], seeking to expand a web-based system
and smart device app that is used as a distance learning and a telemedicine
tool to assist farmers in getting immediate support and reaching veterinary care
professionals and extension agents.

In [10] the authors analyse the importance and impact of new technologies
in supporting veterinary services. State that the digital technologies will have
a profound effect on how animal health services are delivered and how animal
health systems are managed. They classify the technologies into three differ-
ent sets, one of them focuses precisely on the relevance of wireless and mobile
technologies - for animal health monitoring, disease surveillance, reporting and
information sharing.

At [11], the authors state the great advantages of serverless computing, part
of the technical solution used in the present work, identifying some existing chal-
lenges and analysing the associated cutting-edge solutions. With these results,
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the authors further investigate some typical open-source frameworks and study
how they address the identified challenges.

On both [12,13], the authors state the advantages, disadvantages, challenges
and characteristics of the serverless architectures, namely to dispense with the
need to have and manage hardware, servers and services; as well as allowing
high availability, dynamically adjustable to needs, with reduced operating and
maintenance costs.

3 Application Functional Requirements

The main functional requirements of the proposed application is the following
to provide a quick way to contact the veterinarian who is actually on duty.
This is the ultimate motivation of the entire solution, to ensure that there is a
place where interested parties, like firefighters, police, civil security and others,
know that can find the contact information of the veterinary on duty; that the
information available there is correct and up to date; and that from there they
can easily contact the veterinarian on duty.

It also has to allow for simplified management of shift allocation. The dis-
tribution of days by veterinarians (duty shift) is, according to the current pro-
cedure, agreed for extended periods, typically for a calendar year. Entering this
data for each day of the year, one by one, is not an acceptable solution. It
is important to supply a solution that allows to insert/updated this data at
once, for example, uploading a CSV file. The possibility of this procedure being
repeated for full or partial updates of the shift schedule should be considered.

The application must allow the exchange of schedules between veterinarians.
As the duty shift is scheduled for an extended period of time, and despite being
agreed in advance by everyone, it is very natural and common that unforeseen
circumstances arise that prevent the shift from being carried out exactly as
stipulated. The problem is usually overcome by mutual agreement between the
veterinaries themselves - normally, faced with the impossibility of fulfilling the
service, they contact their colleagues to see if there is anyone available for the day
in cause, in exchange for another one. As these unforeseen events are common
among all, in which sooner or later, all veterinarians end up needing to make an
exchange, there is a natural understanding and cooperation to resolve situations.

However, the motivation of this project is effectively related to these
exchanges, which, when agreed between veterinarians, are not always widely
known to the interested parties. Even when the exchange is formalized in the
person who coordinates the process, its dissemination is not always effective,
this is because many of the interested entities have the practice of printing on
paper this data, to facilitate and ensure that the information is easily accessible,
but with that, neither care is always taken to update these physical documents,
when for some reason the data is changed.

Hence, it is essential to ensure a solution that allows for the exchange
of shifts/scales of service, ensuring that this information is updated to the
interested parties. If possible, without requiring the involvement of a central
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management entity, that is, as long as the veterinarians involved in the exchange
agree, it must be possible to do this by themselves.

Some complementary functionalities emerged in a later state, as a way to
further enhance the usefulness of the solution and also as a result of the chosen
technical options, in the belief that it will be able to support more features.

The basic idea is to collect elements about the interventions of veterinari-
ans, elements that may be useful for the purposes of contacting animal owners,
disseminating information, among others.

The registration must allow:

Safeguard the intervention site, if possible, using GPS coordinates.

Collect photos of the animal.

If possible, register the identification of the animal.

And, eventually, register additional information that may be useful to the
entities involved.

4 Proposed Solution

For widespread access by the different parties involved, it was immediately clear
that the solution would have to be a smartphone application. It is a common
device, to which practically the entire population has access, in particular the
elements of the interested parties, such as the police, civil security and the like.
It adapts to the intended use and even have a set of technical options that
support new features - it was even the decision to use the smartphone, which
resulted in the FR0O3 - taking advantage of the GPS and camera that most of
the smartphones have.

The second decision concerned the development technology. The option by
an smartphone app creates a problem - there are two major players in terms of
operating systems: Android and iOS. Ensuring specific application development
for both platforms was out of the question due to time constraints. The risk of
not being able to complete both was also greater, so most likely only part of the
users would have access to the solution - making it not a solution.

The decision fell on the use of React Native ensuring that with only one
line of development it was possible to produce applications for both platforms:
Android and iOS. Also enabling the possibility of having a web version, namely
with the information about the veterinarian on duty.

The third technical decision was about application support services. In a
more traditional model, it would be necessary to have a database server and a
server to host REST/SOAP or equivalent services. From the explanation given
for the NFRO1 requirement, this was to be avoided. Thus, a serverless solution
was chosen. Not that this means there is no server, but that the server belongs to
a third party and works for simply as a place in the cloud where the the back-end
services are hosted. There are thus no worries about installing, configuring and
maintenance of services and servers.
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Figure 1 illustrates the architecture of the solution, where the three types of
users (actors) can also be identified:

React Native
i0S/Android Serverless

Firebase
' % ( )
Coordinator /V/%)
\"35“ Hosting
Authentication
Firestore
React Native JSON/HTTPS } Storage
<+« —> .
iOS/Android Cloud Messaging

a o
«
Veterinary y{

React Native police
firefigh
i0S/Android Irefighters
. ) civil protection

- individuals

Public User

Fig. 1. Solution architecture.

Public User - Named for having access only to the public component of the
application. Represents any person who needs to contact the veterinarian on
duty, it can be a police officer, civil security officer or any other person.

Veterinarian - They are the ones who provide veterinary services. Access
requires registration and subsequent acceptance by the Coordinator. The vet-
erinarian can request to change shifts with a colleague and register the services
provided.

Coordinator - Entity that admitted/removes veterinarians and that can
upload the file with the duty shifts.

Only the last two can consult the entire schedule. The Public User only sees
the contact of the veterinarian on duty for the day in question (the day he uses
the app to request support from the on-call veterinarian).

All usage profiles are ensured through a single application - which, depending
on the profile, provides more or less functionalities.

4.1 Veterinary Registration

Figure 2 illustrates the procedure for registering veterinarians. Anyone can reg-
ister as a veterinarian. However, access to the veterinary features is impossible
until the Coordinator admits him /her. The idea is that the person makes a reg-
istration, providing the name, email and telephone contact. A code is sent to
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the email to verify email ownership. Later, the user can enter more data, such
as the business name of the company he represents and the like.

Public user Coordinator

1: Register

1.1: Register

1.1.1: Send confirmation email

2: Confirm registry w/ email code

2.1: Confirm email

3: Confirm/Reject user as a vet

3.1: Confirmation/Rejection

JEE SN N

Fig. 2. Sequence diagram of the vet registry and acceptance.

Once the email has been verified, the candidate appears on the Coordinator’s
dashboard - The Coordinator can view the registration data to confirm their
veracity and can accept or reject the registration. If rejected, all information
from the veterinarian candidate’s record is removed. If accepted, the veterinarian
will be able to access the features of this profile.

4.2 Shift Exchange

The veterinary should have access to a calendar showing their duty shifts, as well
as information on who is assigned to the other days. Trading for the purpose
of exchange is extra-application, that is, it is the interested party who contacts
the colleagues to find out if anyone is available to exchange and thus ensure
the service for the day in question. Once agreed, anyone involved can go to the
application, choose the days between which the exchange will take place. User
can only do it for days that are allocated to him and always for future dates.
The veterinarian on duty for the day to be changed receives a notification that
can be viewed in detail in the application itself, signaling the change request. He
can reject or accept. Upon acceptance, the exchange takes place between both
and becomes visible to all others involved. The Coordinator also has access to
this information on the exchange list, but only to be aware of. If the exchange
is rejected, the applicant receives this indication by notification and can consult
the status of the request on the application (that will appear as rejected).

5 Implementation

The implementation is not yet in the desired state, but it already provides almost
all the intended features. In Fig.3 it is possible to visualize the layout of the
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public screen - when opening the application, the user (regardless of the profile)
sees which veterinarian is on duty for the day in question. By clicking on the
mobile number, the call is immediately initiated.

9:27 ol T (.

>

\
VET Assistance

Dr. Peter Stone

Clinic MyPet

Other contacts

Fig. 3. Public screen

The long press on the application’s logo allows access to authenticated func-
tions, that is, those intended for veterinarians and coordinator. If there is no
previous registration, the user is sent to the screen Fig.4a, where he/she must
fill in his/her data. From here, an email is sent with a confirmation code that
should be introduced on the app (see Fig.4b) - this way the email is validated
as belonging to the user in question.

The user, a potential veterinarian, will stay on a pending condition - not
being able to do anything else until the coordinator effectively admits him as a
veterinarian.

If the user is already registered and confirmed by the coordinator, he goes
directly to screen of Fig.4c, where he can view past and present shift change
requests, namely those awaiting by response. On the leftmost side of each request
it is the veterinary that have requested the exchange. On the right, it appears
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Fig. 4. Screens 1

to whom the request was done. In both cases, with the respective date (days
for the exchange). Note that the user can either appear on the leftmost side,
requesting the exchange to a colleague; or more to the right, in case a colleague
has requested him to change shifts.

When the request is made by the user to a colleague, the indication of Waiting
Reply appears. On the side of the colleague, there is the possibility of accept or
reject.

The screen of Fig. 5a (Calendar) allows the user to know which days he has
a shift (signalled in light blue); and consult who is on duty for a given day,
simply by selecting the day. Whenever this is done, for the veterinarian on duty
it appears the respective telephone contact and the possibility of requesting the
change for the selected day. The idea is that user uses the contact to speak per-
sonally with the colleague to arrange the exchange. Then through the application
formalizes this exchange.

When making Request change, it is possible to select a second day (the day to
change) - Figure 5b - circled in red. Once this is done, user can then definitively
request the exchange (Request). The process proceeds as previously explained.
The days with pending trade requests are indicated by the small red dot and
the detailed information shows Waiting reply (see Fig. 5c).

The veterinarian can also register the services performed through the Call
option (Fig.6a). Here you have the possibility to view records already made or
to be filled in, as well as request the creation of a new record. In the latter case,
it is automatically sent to the cell phone camera, in order to register the service
through a photo of the animal in question (see Fig.6b). Once the photo is taken,
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Fig. 5. Screens 2

the date, time and GPS coordinates of the location are also obtained. The record
can be left in edit mode to be finished later or finished immediately (Fig. 6¢).

According to Fig. Ta, the vet also has the Profile option available to edit their
data (name, clinic, cell phone contact and photo).

The coordinator accesses the private part in the same way - but it is sup-
posed to already be registered, which is done directly on the back-end (Firebase
console). The coordinator has the option to view messages, for now only regard-
ing requests for admission of users on the platform as veterinarians. For this
purpose, he has access to the name, clinic, email, mobile phone and, eventually,
photo (see Fig.7b). He can accept or decline the request. Note that for each
request an identifier is generated - which is essential to identify veterinaries in
the upload option.

In the upload option, the coordinator can upload the file with the shift
assignments. The file must be in CSV format, containing, for each day assigned,
the user ID and the day (in YYYYMMDD format). Figure 1 illustrates one of
these files. With this solution, the administrator makes the planning, namely
for extended periods of time, and then easily makes that information available.
This service assignment is normally carried out with the prior consent of the vet-
erinarians. In any case, the objective of the solution is precisely to provide the
possibility for veterinarians to exchange days of service and that this is reflected
in the information provided to the common user.
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Table 1. CSV file format

Day D
20220615 5
20220616 3
20220617 1

6 Conclusions and Future Work

In functional terms, the created solution complies with the defined and the neces-
sary goals - although there are already more ideas and improvements identified.
For this purpose, a serverless service was used, Firebase, which is a Platform As
A Service - PaaS (more precisely a Back-End As Service - BeaS) - with this, the
need for servers, services (HTTP and database), configuration and maintenance
were significantly reduced.

Thus, a solution was obtained that can be immediately made available to the
community, fully manageable by the community itself and that does not require
the continued involvement of students for its maintenance. The production of an
application that is effectively necessary and that will be used for the benefit of
the community, namely veterinarians, but also of all those who use their services
as public service providers, is undoubtedly a way to put students in practical
situations, with the natural demands of the applications for effective use, pro-
moting the experience, the acquisition of competences and even the professional
curriculum of the students. The authors believe that the experience should be
extended, bringing new challenges, namely for situations like the present, where
it is possible to build in the available time and with the skills that students have,
functional solutions that can be effectively used and for a long time.
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Abstract. This paper describes a mobile application, developed in an
educational context, by the students of the Degree in Computer Engi-
neering of the Instituto Politécnico de Braganga, allowing them to
develop skills, based on real-world community problems solving, promot-
ing by this way its engagement, and, at the same time, provide a solution
to an effective need of the local community. The developed application
has as goal to support the Human Veterinary Resources Management in
a Low Density Population Context.

1 Introduction

Braganca is a small town from the northwest of Portugal that struggles with
dimension and scale problems, being the only district capital that do not has
an Veterinary Hospital that can provide a service 24/7 service. The need for
this application arises from this very specific, uncommon context, characterized
by areas of low population density, where it is not sustainable to maintain a
full-time public service. The solution found resorts to several private providers
of veterinary services to, as a whole, ensure this service to the population on a
full-time basis. The particularity and rarity of this scenario makes the creation
and commercial exploitation of this type of product unfeasible. It was in this
context that the challenge was posed to the students of the Degree in Computer
Engineering at the Instituto Politécnico de Braganca, allowing them to develop
skills with real problems and, at the same time, provide a solution to an effective
need in the region, promoting by this way its engagement [1-3].

However, this requires considering unusual aspects in the development -
which are related to the fact that students will not be available to meet future
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administration or maintenance needs. First of all, avoid the existence of physi-
cal equipment, namely servers that, in addition to having a relevant acquisition
cost, sooner or later, need updates - for example, security updates. Avoid having
its own services that also require maintenance, such as HTTP/S or database
servers.

The particularity of the present context results that there are no other ref-
erences that can be directly compared with the work proposed by the authors.
However, there are some projects that share the same position of contributing
to the common well-being and developed in an academic environment.

The paper is structured as follows initially an introduction section will contex-
tualize the problem, then the related work, followed by the application functional
requirements will be introduced, then the proposed solution and its implemen-
tation will be described and finally some conclusions and future work will round
up the paper.

2 Related Work

One of the most active areas is the surveillance systems for public health related
to animal diseases. There are many projects that take place in the most diverse
geographical realities, as a result of the need to identify potential pandemics
in time, understand their evolution and the impact they may have [4,5,7,8].
A real-time disease surveillance enables awareness of practitioners, students and
veterinary technicians with an increased awareness of state and regional livestock
disease.

Among the many projects, the “Improving the Sustainability of Rural Veteri-
narians Through Mentoring, Targeted Education, Telemedicine and Monitoring
of Disease Syndromes” project [6], funded by the U.S. Department of Agricul-
ture National Institute of Food and Agriculture grant, led by the Texas A &
M AgriLife faculty, through which it has developed the Veterinary Syndromic
Surveillance System, which provides an app and website to track diseases - that
allows veterinarians to check online if what they see in the field is unique to their
area or part of a pattern.

Other related work was report by [9], seeking to expand a web-based system
and smart device app that is used as a distance learning and a telemedicine
tool to assist farmers in getting immediate support and reaching veterinary care
professionals and extension agents.

In [10] the authors analyse the importance and impact of new technologies
in supporting veterinary services. State that the digital technologies will have
a profound effect on how animal health services are delivered and how animal
health systems are managed. They classify the technologies into three differ-
ent sets, one of them focuses precisely on the relevance of wireless and mobile
technologies - for animal health monitoring, disease surveillance, reporting and
information sharing.

At [11], the authors state the great advantages of serverless computing, part
of the technical solution used in the present work, identifying some existing chal-
lenges and analysing the associated cutting-edge solutions. With these results,
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the authors further investigate some typical open-source frameworks and study
how they address the identified challenges.

On both [12,13], the authors state the advantages, disadvantages, challenges
and characteristics of the serverless architectures, namely to dispense with the
need to have and manage hardware, servers and services; as well as allowing
high availability, dynamically adjustable to needs, with reduced operating and
maintenance costs.

3 Application Functional Requirements

The main functional requirements of the proposed application is the following
to provide a quick way to contact the veterinarian who is actually on duty.
This is the ultimate motivation of the entire solution, to ensure that there is a
place where interested parties, like firefighters, police, civil security and others,
know that can find the contact information of the veterinary on duty; that the
information available there is correct and up to date; and that from there they
can easily contact the veterinarian on duty.

It also has to allow for simplified management of shift allocation. The dis-
tribution of days by veterinarians (duty shift) is, according to the current pro-
cedure, agreed for extended periods, typically for a calendar year. Entering this
data for each day of the year, one by one, is not an acceptable solution. It
is important to supply a solution that allows to insert/updated this data at
once, for example, uploading a CSV file. The possibility of this procedure being
repeated for full or partial updates of the shift schedule should be considered.

The application must allow the exchange of schedules between veterinarians.
As the duty shift is scheduled for an extended period of time, and despite being
agreed in advance by everyone, it is very natural and common that unforeseen
circumstances arise that prevent the shift from being carried out exactly as
stipulated. The problem is usually overcome by mutual agreement between the
veterinaries themselves - normally, faced with the impossibility of fulfilling the
service, they contact their colleagues to see if there is anyone available for the day
in cause, in exchange for another one. As these unforeseen events are common
among all, in which sooner or later, all veterinarians end up needing to make an
exchange, there is a natural understanding and cooperation to resolve situations.

However, the motivation of this project is effectively related to these
exchanges, which, when agreed between veterinarians, are not always widely
known to the interested parties. Even when the exchange is formalized in the
person who coordinates the process, its dissemination is not always effective,
this is because many of the interested entities have the practice of printing on
paper this data, to facilitate and ensure that the information is easily accessible,
but with that, neither care is always taken to update these physical documents,
when for some reason the data is changed.

Hence, it is essential to ensure a solution that allows for the exchange
of shifts/scales of service, ensuring that this information is updated to the
interested parties. If possible, without requiring the involvement of a central
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management entity, that is, as long as the veterinarians involved in the exchange
agree, it must be possible to do this by themselves.

Some complementary functionalities emerged in a later state, as a way to
further enhance the usefulness of the solution and also as a result of the chosen
technical options, in the belief that it will be able to support more features.

The basic idea is to collect elements about the interventions of veterinari-
ans, elements that may be useful for the purposes of contacting animal owners,
disseminating information, among others.

The registration must allow:

Safeguard the intervention site, if possible, using GPS coordinates.

Collect photos of the animal.

If possible, register the identification of the animal.

And, eventually, register additional information that may be useful to the
entities involved.

4 Proposed Solution

For widespread access by the different parties involved, it was immediately clear
that the solution would have to be a smartphone application. It is a common
device, to which practically the entire population has access, in particular the
elements of the interested parties, such as the police, civil security and the like.
It adapts to the intended use and even have a set of technical options that
support new features - it was even the decision to use the smartphone, which
resulted in the FRO3 - taking advantage of the GPS and camera that most of
the smartphones have.

The second decision concerned the development technology. The option by
an smartphone app creates a problem - there are two major players in terms of
operating systems: Android and iOS. Ensuring specific application development
for both platforms was out of the question due to time constraints. The risk of
not being able to complete both was also greater, so most likely only part of the
users would have access to the solution - making it not a solution.

The decision fell on the use of React Native ensuring that with only one
line of development it was possible to produce applications for both platforms:
Android and iOS. Also enabling the possibility of having a web version, namely
with the information about the veterinarian on duty.

The third technical decision was about application support services. In a
more traditional model, it would be necessary to have a database server and a
server to host REST/SOAP or equivalent services. From the explanation given
for the NFRO1 requirement, this was to be avoided. Thus, a serverless solution
was chosen. Not that this means there is no server, but that the server belongs to
a third party and works for simply as a place in the cloud where the the back-end
services are hosted. There are thus no worries about installing, configuring and
maintenance of services and servers.
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Figure 1 illustrates the architecture of the solution, where the three types of
users (actors) can also be identified:

React Native
i0S/Android Serverless

Firebase
' % ( )
Coordinator /V/%)
\"35“ Hosting
Authentication
Firestore
React Native JSON/HTTPS } Storage
<+« —> .
iOS/Android Cloud Messaging

a o
«
Veterinary y{

React Native police
firefigh
i0S/Android Irefighters
. ) civil protection

- individuals

Public User

Fig. 1. Solution architecture.

Public User - Named for having access only to the public component of the
application. Represents any person who needs to contact the veterinarian on
duty, it can be a police officer, civil security officer or any other person.

Veterinarian - They are the ones who provide veterinary services. Access
requires registration and subsequent acceptance by the Coordinator. The vet-
erinarian can request to change shifts with a colleague and register the services
provided.

Coordinator - Entity that admitted/removes veterinarians and that can
upload the file with the duty shifts.

Only the last two can consult the entire schedule. The Public User only sees
the contact of the veterinarian on duty for the day in question (the day he uses
the app to request support from the on-call veterinarian).

All usage profiles are ensured through a single application - which, depending
on the profile, provides more or less functionalities.

4.1 Veterinary Registration

Figure 2 illustrates the procedure for registering veterinarians. Anyone can reg-
ister as a veterinarian. However, access to the veterinary features is impossible
until the Coordinator admits him /her. The idea is that the person makes a reg-
istration, providing the name, email and telephone contact. A code is sent to
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the email to verify email ownership. Later, the user can enter more data, such
as the business name of the company he represents and the like.

Public user Coordinator

1: Register

1.1: Register

1.1.1: Send confirmation email

2: Confirm registry w/ email code

2.1: Confirm email

3: Confirm/Reject user as a vet

3.1: Confirmation/Rejection

JEE SN N

Fig. 2. Sequence diagram of the vet registry and acceptance.

Once the email has been verified, the candidate appears on the Coordinator’s
dashboard - The Coordinator can view the registration data to confirm their
veracity and can accept or reject the registration. If rejected, all information
from the veterinarian candidate’s record is removed. If accepted, the veterinarian
will be able to access the features of this profile.

4.2 Shift Exchange

The veterinary should have access to a calendar showing their duty shifts, as well
as information on who is assigned to the other days. Trading for the purpose
of exchange is extra-application, that is, it is the interested party who contacts
the colleagues to find out if anyone is available to exchange and thus ensure
the service for the day in question. Once agreed, anyone involved can go to the
application, choose the days between which the exchange will take place. User
can only do it for days that are allocated to him and always for future dates.
The veterinarian on duty for the day to be changed receives a notification that
can be viewed in detail in the application itself, signaling the change request. He
can reject or accept. Upon acceptance, the exchange takes place between both
and becomes visible to all others involved. The Coordinator also has access to
this information on the exchange list, but only to be aware of. If the exchange
is rejected, the applicant receives this indication by notification and can consult
the status of the request on the application (that will appear as rejected).

5 Implementation

The implementation is not yet in the desired state, but it already provides almost
all the intended features. In Fig.3 it is possible to visualize the layout of the
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public screen - when opening the application, the user (regardless of the profile)
sees which veterinarian is on duty for the day in question. By clicking on the
mobile number, the call is immediately initiated.

9:27 ol T (.

>

\
VET Assistance

Dr. Peter Stone

Clinic MyPet

Other contacts

Fig. 3. Public screen

The long press on the application’s logo allows access to authenticated func-
tions, that is, those intended for veterinarians and coordinator. If there is no
previous registration, the user is sent to the screen Fig.4a, where he/she must
fill in his/her data. From here, an email is sent with a confirmation code that
should be introduced on the app (see Fig.4b) - this way the email is validated
as belonging to the user in question.

The user, a potential veterinarian, will stay on a pending condition - not
being able to do anything else until the coordinator effectively admits him as a
veterinarian.

If the user is already registered and confirmed by the coordinator, he goes
directly to screen of Fig.4c, where he can view past and present shift change
requests, namely those awaiting by response. On the leftmost side of each request
it is the veterinary that have requested the exchange. On the right, it appears
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Fig. 4. Screens 1

to whom the request was done. In both cases, with the respective date (days
for the exchange). Note that the user can either appear on the leftmost side,
requesting the exchange to a colleague; or more to the right, in case a colleague
has requested him to change shifts.

When the request is made by the user to a colleague, the indication of Waiting
Reply appears. On the side of the colleague, there is the possibility of accept or
reject.

The screen of Fig. 5a (Calendar) allows the user to know which days he has
a shift (signalled in light blue); and consult who is on duty for a given day,
simply by selecting the day. Whenever this is done, for the veterinarian on duty
it appears the respective telephone contact and the possibility of requesting the
change for the selected day. The idea is that user uses the contact to speak per-
sonally with the colleague to arrange the exchange. Then through the application
formalizes this exchange.

When making Request change, it is possible to select a second day (the day to
change) - Figure 5b - circled in red. Once this is done, user can then definitively
request the exchange (Request). The process proceeds as previously explained.
The days with pending trade requests are indicated by the small red dot and
the detailed information shows Waiting reply (see Fig. 5c).

The veterinarian can also register the services performed through the Call
option (Fig.6a). Here you have the possibility to view records already made or
to be filled in, as well as request the creation of a new record. In the latter case,
it is automatically sent to the cell phone camera, in order to register the service
through a photo of the animal in question (see Fig.6b). Once the photo is taken,
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Fig. 5. Screens 2

the date, time and GPS coordinates of the location are also obtained. The record
can be left in edit mode to be finished later or finished immediately (Fig. 6¢).

According to Fig. 7Ta, the vet also has the Profile option available to edit their
data (name, clinic, cell phone contact and photo).

The coordinator accesses the private part in the same way - but it is sup-
posed to already be registered, which is done directly on the back-end (Firebase
console). The coordinator has the option to view messages, for now only regard-
ing requests for admission of users on the platform as veterinarians. For this
purpose, he has access to the name, clinic, email, mobile phone and, eventually,
photo (see Fig.7b). He can accept or decline the request. Note that for each
request an identifier is generated - which is essential to identify veterinaries in
the upload option.

In the upload option, the coordinator can upload the file with the shift
assignments. The file must be in CSV format, containing, for each day assigned,
the user ID and the day (in YYYYMMDD format). Figure 1 illustrates one of
these files. With this solution, the administrator makes the planning, namely
for extended periods of time, and then easily makes that information available.
This service assignment is normally carried out with the prior consent of the vet-
erinarians. In any case, the objective of the solution is precisely to provide the
possibility for veterinarians to exchange days of service and that this is reflected
in the information provided to the common user.
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Table 1. CSV file format

Day D
20220615 5
20220616 3
20220617 1

6 Conclusions and Future Work

In functional terms, the created solution complies with the defined and the neces-
sary goals - although there are already more ideas and improvements identified.
For this purpose, a serverless service was used, Firebase, which is a Platform As
A Service - PaaS (more precisely a Back-End As Service - BeaS) - with this, the
need for servers, services (HTTP and database), configuration and maintenance
were significantly reduced.

Thus, a solution was obtained that can be immediately made available to the
community, fully manageable by the community itself and that does not require
the continued involvement of students for its maintenance. The production of an
application that is effectively necessary and that will be used for the benefit of
the community, namely veterinarians, but also of all those who use their services
as public service providers, is undoubtedly a way to put students in practical
situations, with the natural demands of the applications for effective use, pro-
moting the experience, the acquisition of competences and even the professional
curriculum of the students. The authors believe that the experience should be
extended, bringing new challenges, namely for situations like the present, where
it is possible to build in the available time and with the skills that students have,
functional solutions that can be effectively used and for a long time.
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