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ABSTRACT

Reviewing documents is a necessary task in all professional areas and is often neglected.
A very common method these days is to share documents via email, to then be forwarded
to a competent person. Assigning a document to someone with the expertise to evaluate
it is part of the process. To make document review an efficient mechanism, it is neces-
sary to have a platform that facilitates communication between the candidate and the
reviewer. If this mechanism is important for reviewing documents in their entirety, it
is even more relevant when it comes to tender applications and their evaluation. The
submission of an application must be an easy process for the candidate, without ever
forgetting the reviewer’s side, who must have the information to be evaluated in a clear
and organized manner. Assigning a proposal to a reviewer who has the skills to eval-
uate it is a crucial aspect for a reliable evaluation. It is important to understand what
are the common characteristics between a proposal and a reviewer, so that there is a
mechanism to study their compatibility. In this dissertation, a study is made on these
characteristics to make the attribution of reviewers to certain proposals automatic. An

analysis is also made of the review process so that it becomes quick, accurate, and easy.

Keywords: Proposals revision, Algorithms, Data Analyses, Data Structures, Classification

Methods, Portal for Proposal Evaluation, Expert Selection
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ReEsumMmo

A revisao de documentos é uma tarefa necessaria em todas as areas profissionais e muitas
vezes descurada. Um método muito comum nos dias de hoje é partilhar documentos atra-
vés do email, para depois serem reencaminhados para uma pessoa competente. Atribuir
um documento a alguém com os conhecimentos necessarios para o avaliar, faz parte do
processo. Para tornar a revisao de documentos um mecanismo eficiente, é necessario ter
uma plataforma que facilite a comunicagao entre o candidato e o revisor. Se este meca-
nismo é importante para a revisdo de documentos na no seu todo, é ainda mais relevante
quando se trata de candidaturas a concursos e avaliagao das mesmas. A submissao de
uma candidatura deve ser um processo facil para o candidato, sem nunca esquecer o lado
do revisor, que deve ter as informacoes a avaliar de forma clara e organizada. Atribuir
uma proposta a um revisor que tenha competéncias para a avaliar, é um aspeto crucial
para uma avaliacio fidedigna. E importante perceber quais sao as caracteristicas em co-
mum entre uma proposta e um revisor, de forma que haja um mecanismo de estudar as
suas compatibilidades. Nesta dissertacao, é feito um estudo sobre estas caracteristicas
para a tornar automaética a atribuicao de revisores a determinadas propostas. £ também

feita uma analise ao processo de revisao para que este se torne rapido, preciso e facil.

Palavras-chave: Revisao de propostas, Algoritmo, Analise de Dados, Estruturas de Dados,
Métodos de Classificagao, Portal de Avaliagao de Propostas, Escolha de peritos para a

Revisao
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INTRODUCTION

Technology evolution is exponentially growing and is fundamental for the economic
development of a society. Every business depends on technology to succeed. On the other
hand, the human being as an individual uses technology not only to succeed but also for
comfort. Businesses must have tools that fulfil their needs, improving their work. This
also applies to an individual, many platforms were built just to make things easier. With
this dissertation, that’s exactly what is expected: build a platform completely designed to
facilitate a specific matter.

Nowadays, most companies have recruitment calls, funding calls or any kind of
open calls. Once a candidate applies to a call, someone needs to review that applica-
tion/proposal. It would be ideal for the reviewer to have some background about the
topic of the proposal being evaluated. It would be even better if the reviewer had already
been part of the evaluation process of similar calls. Trying to fit the right proposal to the
right evaluator could take days or maybe even weeks if there were too many applications.
For that reason, it would be interesting to find an easier and more computerized way to
optimize the process of proposal evaluation. This is what this dissertation focuses on.

Other researchers tried a two-stage method to solve the problem of recommending ex-
perts for different candidates: "An information filtering method is first offered to identify
proper experts as a candidate set. Then, an aggregation model with various constraints is
suggested to recommend appropriate experts for each applicant."[1] To better understand
this method, these researchers architectured the expert recommendation framework (Fig-

ure 1.1).
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Figure 1.1: Architecture of expert recommendation framework[1]

It is possible to see the two separated stages and what is expected in them. The first
stage is focused on profiling not only the candidate but also the expert. The second stage

is where the aggregation is made taking into consideration[1]:
* Connectivity - for excluding conflicts of interest;
* Relevance - for calculating the similarity between expert and applicant;
* Quality - for evaluating the experts’ level of expertise;

Although this is more focused on the candidate profile, it could be easily adapted
to center attention on the proposal characteristics, by changing the way relevance is
analyzed: pairing the expert’s knowledge to the proposal’s topic, instead of calculating
the similarity between expert and applicant.

In order to proceed with the evaluation, the admin must choose the reviewer that
should evaluate a certain proposal. He has to take into account that the reviewer must
have the knowledge to review that. The main purposes for this dissertation is to help
the admin rapidly match proposals to reviewers, in order to make the evaluations more
reliable. This match is made by taking into consideration some criteria that will be

described in the following chapters.

1.1 Motivation

Every selection process, for example for a job or project, starts with a candidate submitting
an application. For many companies and entities if a candidate wants to apply for a call

they need to send their application by email. This process has some problems:

2
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* the candidate has to use two platforms - the website, where the requirements are

found, and the email, for the submission;

* the reviewer gets applications in different formats and often without some necessary
details;

* someone has to organize the email and put together all the applications for the same

end.

There is an urgent need to digitize and simplify the process of submission and pro-
posal revision. As said in the previous chapter, it is also important to optimize the process

of proposal evaluation, which means:
* Having proposals in a single format, to be easier to compare;
* Having all the information organized in separate fields.

For this to happen, the submission platform must be a well-designed tool made specif-
ically for this problem.

In the current market, there are a lot of platforms designed for business, but they are
either paid or not that customizable.

The proposal submission and review portal for open calls is a platform for the candi-
date and the evaluator to communicate. It is a space with multiple open calls accessible
to anyone who wants to apply. The app is also a space where it is easy to analyze and
evaluate all submitted proposals.

The idea for developing this portal emerged because the DIH4CPS platform[2] needs a
better way for proposal submission. It is lacking an easy and fast communication channel.
These kind of platforms have a very inefficient method for document submission. If
someone wants to apply for a call is redirected to another platform or has to submit it by
email. As stated previously, this is a bad experience not only for the user but also for the
reviewer that gets the information from all candidates in different formats. This method
is complex for every single user of this platform. The idea is to use/build a tool that
simplifies the proposal’s submission and evaluation process and also to match reviewers
to proposals, which is a solution that didn’t exist in that context.

Another factor that should be taken into consideration other than the reviewer expe-
rience is the review workload, an important detail for a reviewer to decide if they will
accept a review invitation. To do so, an empirical investigation was done to develop a
method that automatically recommends reviewers while considering the review work-
load among other factors[3]. This method consists of a multi-objective meta-heuristic

algorithm to search for reviewers, guided by two objectives:
* maximizing the chance of participating in a review;
* minimizing the skewness of the review workload distribution among reviewers.

3



CHAPTER 1. INTRODUCTION

This is a different point of view. If the solution built with this dissertation only took

into consideration the similarities between the proposals and the reviewer or the number

of proposals reviewed in the same field it could be an initial solution. This need to have in

consideration that the proposals are for Open Calls and in the technological fields having

impact on the reviewers selection

1.2

Work Methodology

For any work to succeed the best approach is to develop a work plan. For this dissertation,

the co-adviser recommended the classical scientific method [4]. The following phases

were followed to develop this dissertation:

1.

1.3

Research questions/Problem - This phase refers to defining the questions or prob-

lems in hand (chapter 1.3);

. Background/Observation - For this phase, the goal is to make observations and

gather background information about the problem (chapter 2);

. Formulate a hypothesis - From this point it is possible to make an educated guess

and form a statement that proposes an answer to the problem found in the first

phase (chapter 1.4);

Design experiment - Once in this phase, the goal is to think of a way to put to the
test the hypothesis created in the previous phase, and design tests that can verify
the viability of the proposal(chapter 4);

Test hypothesis - This phase is where everything is tested, using the tests/experiments
that were created in the previous phase to put the hypothesis from the hypothesis
to the test (chapter 4.1);

Interpret/Analyze results - Does the results from the previous phase prove or dis-
prove the hypothesis? This is the question that should be answered in this phase. It
doesn’t matter if the result is positive or negative everything could be helpful for
the scientific community, and it could be a starting point to reconsider the problem
with a different hypothesis or a different approach (such as changing the research
question) (chapter 4.2);

. Publish findings - The last phase is all about putting all this information together

and sharing it with other researchers, in this case with a dissertation.

Research Questions

To achieve some solution that responds to the problem described above, it is important

to define what the real problem is. The research questions fulfil that purpose. Defining

4
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the research questions is an important step to focus the attention on the real problem at
hand.

For that reason, two questions guide the work developed along this dissertation:
RQ1: "Is there a way to optimize and digitize the process of proposal evaluation?"

RQ2: "Is it possible to create an algorithm that proposes experts to evaluate a proposal
based on their areas of expertise?"

The main goal of this dissertation is to study the two problems above, search for
similar solutions or work developed in this area, and design/build a solution that fits and

solves the problems.

1.4 Hypothesis and approach

According to all the researched information presented in the previous chapters and the
research questions from the first chapter, the following hypothesis was formulated:
"Propose experts for proposals evaluations using the meta-information from the re-
viewers experience and the proposal’s details."
This hypothesis will be put to the test. In order to verify its viability, it will be imple-
mented and tested.
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STATE OF THE ART

This chapter is dedicated to demonstrating what kind of work has already done by other
researchers in this field and what can be used as a guideline to build the platform de-
scribed previously. First, a description of the platform that can be used as a reference
and then an extensive description of algorithms and data structures that can be used to
improve the user’s experience with the website will be made.

As stated in Chapter 1.1, it is crucial to have a well built and accurately designed por-
tal for proposal submission. To make a better experience for the reviewer, the submission
process should be well thought out. This dissertation is about building this tool and also
matching the proposals to the right reviewer. Chapter 2.1 resumes the existing applica-
tions that are similar to the one that will be created, a website for proposal submissions
that groups the information to be easily reviewed. Chapter 2.2 describes the problem
with expert selection and presents solutions that can be used to solve the problem such

as classification methods, algorithms and data structures.

2.1 Similar platforms

In the following chapters, different kinds of proposal submission websites are described.
To improve the evaluation process it is necessary to build a good platform not only for
the reviewers but also for the candidates.

There are many of solutions to proposal submissions and this chapter describes exist-
ing applications for this purpose. One common characteristic in these apps, which is also
the problem described in this dissertation, is automation. The goal of these apps are to
make all the interactions easier, faster and better when compared to a manual process.

The platforms that will be described in the next chapters are:
* F6S;
* European Commission - Funding & tender opportunities;

¢ Getsitecontrol.



2.1. SIMILAR PLATFORMS

These platforms have different applications but they all serve the same purpose, as an
open calls portal. After describing all of the features that every website has, a comparison
will be made between them to analyse what kind of functionalities are important for the
portal.

2.1.1 Fe6S

F6S is a platform designed for founders to find Startup programs such as hackathons,
accelerators and competitions[5]. Anyone can create an account and join the platform.
Once on the home page, as represented in Figure 2.1, it is possible to see the menu on the
top with the functionalities that the website has: Apply, Events, Jobs and Deals.

= @ Aepy Events Jobs Deals Addyour ~ Q search = Catarina
HERE'S HOW F6S HELPS YOU GROW
Find Accelerators & Funds Get Free Benefits to grow Find a Startup Job Recruit Talent
99% of Accelerators choose Startups 2.3 Million Founders use F6S Connect with Startups that need 231,787 F6Sers are looking for
on F6s Benefits your talent opportunities
TALENT MATCHMAKER + YOUR WEEKLY TOP 5 Improve matches
Spoton Connections @) SpotOn Connections. = Jungle Al = Jungle Al §\ celestia Portugal

Frontend Team Leader - Senior Software Developer ~ Senior Front-end Software Engineer HW/SW Embedded

Lisbon $60-70K/year » Lisbon Developer isbon Systems Engineer

Lisbon Lisbon €1.5-2K/year + Lisbor

POPULAR BENEFITS see all 398

6 months free Zendesk Suite Free for 1 Year Okta for Startups - Free 1Year
STARTUP PROGRAMS NEAR YOU see all 12,969
= ?
B . dh . . RN .

Figure 2.1: F6S - Home page[5]

This platform has implemented a good and efficient search mechanism that works
with filters. For example in the Jobs section, in Figure 2.2, it is possible to look for a job

taking into consideration:
* Type - Co-founder, Employment, Contract or Internship;
e Location;
¢ Remote/Office;

* Compensation - Where it is possible to select a minimum and maximum value for

the salary and also to choose the minimum equity;

* Role - This filter exists for the candidate to choose the role that they want to apply

to;

* Skills - This filter allows to find a job that is looking for skills that the candidate has
selected.



CHAPTER 2. STATE OF THE ART

= @ Apply Events Jobs Deals Addyour v Q search =2 Catarina

@ Listyour Job for Free Q

Type v Location v Remote/Office ~ Compensation ~ Role v Skills v
Find out which Startups

are looking for you Newest  Popular Closest
g Creative
We'll match you to Startups 1" .
% B 4+ Vintage Jewelry - Thai Mueang, Thailand Connect

looking for your skills
m Solutions Architect (Backend)

20-20%  $3-4.5k
‘coto’ (come together) + Bangalore, India * Remote

Equity per year

Connect

Lead tech software engineer fullstack £€45-60k
TALENT MATCHMAKER . Connect
VOUR WEEKLY TOP & Miura Simulation + Nantes, France e year
SpotOn Connections Computer Vision / Al Engineer 1.5%
Frontend Team Leader - RoboSort + Indi, India « Remote oy Connect
Lisbon auy
Lisbon
Smart Contract Developer 0-5% $480-960k

@ 5poton Connections
Senior Software Developer
$60-70K/year * Lisbon

Areix Analytics Limited + Hong Kong, Hong Kong + Remote gy peryear COTNECE

Head of Software Engineering $180-300k

Column Software, PBC + Miami, United States « Remote Connect

= Jungle Al per year

Senior Front-end Developer

~N H .
10>BTHE"

Figure 2.2: F6S - Jobs page

Filtered search is a very useful tool that makes the platform easier to work with and
gives a better user experience. F6S has this search mechanism throughout their website,
so it doesn’t matter if the user is looking for a job or an event, they will have the same
experience.

This platform has an area dedicated to the user and their profile, represented in Figure
2.3. F6S encourages the user to improve the profile strength by giving more information

such as location, photo, experience, education, skills, tagline, links and more.

= @ Aepy events Jobs Deals Addyour ~ Q search = Catarina

=) Add Cover g

Catarina Moura
A iod

9 Aimada, Portugal

About  Experience Recommendations  Edit

Improve Profile Strength F6S can connect you with Startups looking for Talent  [[RUEIIYEMERURY 1 could be tempted
-
 Location Add skills

Add Photo

Show what you know and connect with opportunities
Add Experience

Add Education
Add Skills

Add Tagline
Add Links

Figure 2.3: F6S - Profile page[5]

The user can apply to all job offers, events and deals, as well as create them. Once a
user has signed it, they can interact with the platform as a candidate or as a publisher. It
is possible to create: job listings, start-ups, accelerators, benefits/deals, events, contests
and funds.

The tools used to create this website were:

* jQuery, a JavaScript library that makes the process of using Hypertext Markup
Language (HTML) easier;
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* the programming language Hypertext Preprocessor (PHP);
* Apache as the web server;

* CloudFare and Google Cloud Platform as system resources.

2.1.2 European Commission - Funding & tender opportunities

The European Commission — Funding & Tender Opportunities platform is built for users
to find funding that suits their project. As it is possible to see in Figure 2.4, there are
different filters for the user to narrow the options and find suitable funding, such as
programming period, programme, call, Common Procurement Vocabulary (CPV) code,

places of delivery or performance and submission status.

| oo | Furnrdmgr&ten’dgr opportunities eron @

Commission

Funding and tenders (10000)

Sortby: | -

€ Need help?

There are more than 10000 results, please refine your search citefia.

Submission status v

[A Match whole words only

¥ GRANTS + TENDERS

Alternative Fuel Infrastructure Facility - Unit Contributions
CEF-T2021-AFIFGEN-UNITS

Submission status

) v Programme Connecting Europe Facility (CEF) Status
Fortooming®7) || Opentorssbieson@) | Coosd 15157 Type of action CEF AFIF-EVRI Unit Grants Deadiine model
Opening date 16 September 2021 Next deadiine 10 November 2022 17:00:00 Brussels time
Programming period
Alternative Fuel Infrastructure Facility - Works - LNG (caltfor proposa)
Select a Programme period. s CEF-T-2021-AFIFGEN-WORKS-LNG
Filter by Programme / Programme group Programme Connecting Europe Facility (CEF) Status Open for submission
Type of action CEF Infrastructure Projects Deadiine model multple cutoff
Select a Programme. v
Opening date 16 September 2021 Next deadline 10 November 2022 17:00:00 Brussels time
Filter by call T
Alternative Fuel Infrastructure Facility - Works - Zero Emissions (callfor proposal )

©2018 European Commission | About | Freetextsearch | IT Helpdesk | Cookies | Legal Notice | APIs

Figure 2.4: Funding & tender opportunities Portal - Calls list [6]

In each call (Figure 2.5) it is possible to check documents about it and also a brief
topic description, conditions, budget overview, and general information. On the same
page it is also possible to apply for the call, which redirects to a log-in page.

| oo | Funding & tender opportunities Eroisn @

‘ ﬂ 'SEARCH FUNDING & TENDERS ¥ HOWTOPARTICIPATE ¥ PROJECTS & RESULTS WORK AS AN EXPERT  SUPPORT ¥

Alternative Fuel Infrastructure Facility - Unit Contributions

General information General information

Programme Work programme part
Connecting Europe Facility (CEF) CEF-2021
call Work programme year

CEF 2 Transport - Alternative Fuels Infrastructure Facility - General envelope (CEF-T- CEF-2021 OF See budget overview

2021-AFIFGEN)

Topic related FAQ

Type of action Type of MGA (Copen for submission )
Get support CEF-AFIF-EVRI-UN CEF AFIF-EVRI Unit Grants CEF Unit Grant [ I -
LD Deadline model Opening date Deadiine dates

multiple cut-off 16 September 2021 19 January 2022 17:00:00 Brussels time

©2018 European Commission | About | Freetextsearch | IT Helpdesk | Cookies | Legal Notice | APIS

Figure 2.5: Funding & tender opportunities Portal - Call [6]
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There is also a page dedicated to working as an expert (Figure 2.6). An expert should
be responsible for the “evaluation of proposals, prize applications and tenders and also

monitoring of actions, grant agreements, public procurement contracts”. [6]

To be an expert it is necessary to give some more personal information such as Ti-
tle, First name, Last name, Date of birth, Place of birth, Country of birth, gender and

nationality and besides all that is also mandatory to agree with the terms and conditions.

!

Figure 2.6: Funding & tender opportunities Portal - Expert Sign Up page [6]

The European Commission - Funding and Tender Opportunities has a dedicated page
about new versions and their release notes, as shown in Figure 2.7. This page is excel-
lent to give insight into what was lacking and how it was overcome. For example in
version 6.1.0 of the Funding & Tenders Portal launched on 31/03/2022 the "My Person
Profile"section was enhanced with changes to the "Documents"tab. A upload field was
added for attaching recommendation letters. To avoid making the same mistakes, these

and other features described on this page are useful when building similar websites.

31.03.2022 Funding & Tenders Portal 6.1.0

The My Person Profile section has been enhanced with changes to the Documents tab. You can upload your recommendation letter under this tab. To
do so, click on the Choose PDF button, add a title in the Description box and then click on the Upload button

Recommendtion Leter

For more information see My Person Profile.

Please note that this version also includes the availability of the Key steps page in several languages.

Figure 2.7: Funding & tender opportunities Portal - IT releases[7]
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2.1.3 Getsitecontrol

Getsitecontrol[8] is a pop-up application that can be added to a website. It has various
articles dedicated to explaining how to build a job application form [9] and that is why
this application is considered a similar application. There is a list of ready made tem-
plates, or premade widgets as it is called, to create a widget. The templates are discounts,

promotions and newsletter subscription forms as it is possible to see in Figure 2.8.

Premade widgets

]

ol
20%discountt

Figure 2.8: Getsitecontrol - Premade widgets

Getsitecontrol has templates dedicated to job applications, such as the one in Figure
2.9.

Design Next— X

New widget % Position O Theme 4 css Pagel ‘ Page2 4

Job application

Full name

Specify employment status

Figure 2.9: Getsitecontrol - Job Application Template

This is a really good add-on to the website but has more functionality for pop-ups. It
has innumerable limitations since it is only possible to work with the pre-existing tools
and it is paid software. It is also necessary to have a pre-existing website. This tool will
only take care of the submission form.

Even with all these downsides, there is a good thing that this app has, its simplicity.
It is easy for the user to understand how the application works.

11
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2.1.4 Comparison

All the applications described above have interesting features that is important to take
into consideration.

The way the information is organized is similar to all the platforms and that means
that that must be an efficient way for the user to interact with the platform. For that
reason, it is important to take those details into account when building a platform like
this such as: the menu bar on the top of the website, the profile section and the sign-up
method.

The European Commission website has the expert area, which is similar to the re-
viewer profile that is proposed in this dissertation. The expert is an external user that has
the function of evaluating the proposals. The Sign Up page is really important because it
is possible to see what kind of information should be taken into consideration.

There are many good characteristics to be taken into account from each platform
described previously: the European Commission’s and the F6S’s filtered search and the
simplicity of Getsitecontrol. The European Commission’s website has a lot of similarities
already mentioned with the portal described in this dissertation.

Altough European Commission’s website appears to be the best solution between the
three presented previously for the candidate and the reviewer to communicate, none of
them have a feature to improve the usability of the admin.

Filtered search improves the user-experience, as described in the previous chapter, so
that could be a good functionality to add to the portal. Automatically assign a proposal to
an expert is a feature that improves the admin’s platform experience that all the platforms

described previously could benefit from.

2.2 Expert selection support system

In the following chapters, the expert selection support system will be described.

2.2.1 Context about the problem

After a candidate applies to a call, all the proposals will be reviewed. There are many
ways that the proposals could be divided by the reviewers such as choosing manually
or making a random distribution. There is a lot of information that the reviewer and
the candidate give us that could be taken into consideration to make the review of the
proposals more efficient and trustworthy. If the number of proposals reviewed in each
category, the years of experience, areas of interest and other parameters are taken into
account it is possible to optimize the process and assign proposals to the most appropriate
reviewer.

In general, the purpose is to create an algorithm that, given certain parameters, dis-
tributes the proposals for a call to the reviewers. The administrator accepts the distribu-

tion the algorithm generated.
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This proposed system could be something like Protasiewicz’s solution: a user interface
and three modules responsible for data transformation into information and knowledge.

The three modules are[10]:
* Data acquisition module - Collects data about the reviewers;

* Information retrieval module - Profiles the reviewers using various machine learn-

ing methods for keyword extraction and information classification;

* Recommendation module - Ranks the reviewers based on similarities that they have

in the reviewing object.

The next chapter explains how the processes can be divided with data analysis and
some classification methods that can be used in this problem. Following, a description of
algorithms (Chapter 2.2.5) will be done to explain what current selection methods exist,

and how they work.

2.2.2 Data Analysis

Data analysis is a process of inspecting, cleansing, transforming, and modelling data to
discover useful information, inform conclusions and support decision-making[11].

As shown in Figure 2.10, the processing of data is divided into four processes[12]:

Data collection;

Data preprocessing;
* Data storage;

* Data analysis.

Data collection is the foundation of the whole process, without data there is no analy-
sis to make. Data collection is the process of information acquisition and its extraction.

Data preprocessing is crucial before starting any kind of data treatment. It is impor-
tant to have the data already sorted, remove invalid data and unify the data format. This
is a necessary procedure even before storing the data, it wouldn’t make sense to store
useless information.

Data storage is the process of saving all the information. That could be done in various
ways but it is important to keep in mind that data has to be stored to be analysed and
re-accessed.

Data analysis is the process of making the information valuable. There is no point in
collecting, processing and storing the information if there is no use to it.

This order of process should be followed. It is impossible to do any kind of processing,
storage or analysis without data. Invalid data shouldn’t be stored. To interpret and

analyse data it needs to be accessible at any time.
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Data collection

Data preprocessing

|

Data storage

Data analysis

Data extraction, Assembly, Loading process }

Data transfer to each other ]

[
[
[
[

Distributed file systems J

Machine learning, Data mining, Semantic sear h ]

Figure 2.10: Processing Of Data[12]

In this context, it is possible to understand how these processes fit. Data collection
would be all the information about the calls, the proposals, the candidates and the re-
viewers. After that, the information should be checked, in other words, preprocessed.
Some examples of verifications are: checking the validity of email addresses for the candi-
date/reviewer, checking if all mandatory fields of a proposal are filled, etc... All the data
collected should be properly stored, the proposals need to be reviewed, and the candi-
dates need to know if the proposal has been accepted, the reviewers need to be allocated
to the proposals for the reviewing process. The processes that need to be executed, as

stated previously, are part of the data analysis necessary for this context.

2.2.3 Classification methods

Classification is the process of categorizing information based on characteristics or com-
mon features. The following list[13], represents some classification methods, used due to

their usability and accuracy in categorization:

* SVM - Support Vector Machine (SVM) is a non-probabilistic binary linear classifier,
seeks out the optimum surface to distinguish between the positive and negative
data.

* ANN - An Artificial Neural Network (ANN) is a network of connected nodes that
mimics the functionality of the brain, transmitting signals between them.

* NB - Naive Bayes (NB) Tree is a supervised classifier that combines a decision tree
and a Bayesian rule. This algorithm determines the likelihood of each class of
instances given, assuming that the properties are conditionally independent of the
given label[14], using the Bayes rule, which describes the probability of an event,
based on prior knowledge of conditions that might be related to the event [15]. The
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Naive Bayes classifier has the benefit of only requiring a small amount of training

data to estimate the means and variances of the classification-relevant variables.

* DT - A Decision Tree (DT) is a model or graph that resembles a tree. Given that
its root is at the top and it develops downward, it is more akin to an inverted tree.
Using a variety of separation criteria, the Simple Cart method creates decision trees
by splitting each decision node into two distinct branches[14]. In comparison to
other methods, this data representation has the advantage of being meaningful and

simple to understand|[13].

* C4.5 Decision Tree Classifier - C4.5 is a machine learning strategy that automates
the induction of classification trees from training data. There are typically two
phases in a decision tree training algorithm. Tree growth is the first stage, during
which a tree is constructed by greedily splitting each node. The overfitted branches
of the tree are deleted in the second phase. Overfitting occurs if a classifier is more
complex than another that generates the same results or when the training data is
limited[16]. The algorithm generates nodes by dividing the data over the attribute
with the maximum information gain, and it derives a decision result from those
nodes|[14].

* kNN - Due to its ease of use and accuracy, the k-Nearest Neighbours (kNN) method
is a well-known instance-based strategy that has been extensively used for text
categorization[13]. In kNN classification, an object is categorized by the majority
vote of its neighbors, and is then put into the class with which its k nearest neighbors
are most likely to agree (k is a positive integer, typically small). The item is just put
in the class of the object’s one nearest neighbor if k = 1. The weight of the particular
shared category is used to calculate the sum of the similarity scores of the neighbors

if more than one of the k-nearest neighbors shares a certain category[17].

2.2.4 Classification methods comparison

After Behrooz Noori studied all six machine learning methods described previously, he
came to 4 conclusions[13]:

* DT and C4.5 have the highest accuracy of review classification;

* DT and C4.5 performed the best with a large feature set, then SVM, and ANN was
the worst;

* NB performed the best with fewer features;

* The accuracy of the model of almost all methods increased with increasing features
except ANN.
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This comparison will be extremely useful to choose the right method for the problem
of this dissertation. Every situation is different and it is important to understand what can
fit best in each case. Nevertheless, it is important to have these results in mind because
Noori specifies what fits best for different problems. The next chapter is dedicated to
general algorithms. Building an algorithm is something that gets better with time and
training and for that reason, it is important to study some algorithms, starting with the

basics.

2.2.5 Algorithms

What is an algorithm? An algorithm is a tool that, if well built, can simplify or solve a
problem. It is any well-defined computational procedure that takes values, as input and
produces values, as output [18]. In other words, an algorithm is a set of steps that, given
some information, produces a solution. If there is a well-specified problem, such as the
one described in the next chapter, it is possible to build an algorithm that makes solving
it an easier task. The next chapter is dedicated to describing the problem that can be
solved with an algorithm, understanding how building an algorithm should be done and
the existing types of algorithms that could solve the problem.

2.2.5.1 Algorithmic thinking

By definition, an algorithm is "a method to solve a problem that consists of exactly defined
instructions"[19]. To be able to build and design a new algorithm it is important to
develop a new way of thinking. Algorithmic thinking is "a pool of abilities that are
connected to constructing and understanding algorithms"[19]. This thinking method is

characterized by a different set of abilities, such as:

* Analyze the problem;

* Specify the problem precisely;

* Search for basic actions that fit into the problem;

* Understand what the algorithm is and how it works;

* Build a correct algorithm to fits the problem using basic actions;

* Think about all the restrictions, special and normal cases of a problem;

* Improve the efficiency of an algorithm.

This ability and way of thinking is something that normally develops with training
and solving many problems. It is also important to be familiarized with the programming
language chosen in a way that builds a more intuitive solution.

The efficiency of an algorithm is measured in time and space [20] and understanding
the way the efficiency is measured is a difficult task. The big O notation is a concept that
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is present when referring to this topic. In Figure 2.11 is a graphic that represents the time
spent in the function of the time that is being processed. This is where the big O notion

enters, to understand how efficiency varies depending on the algorithm in use.

O(n)

Time
O(log n)

Data Input

Figure 2.11: Time Complexity [21]

2.2.5.2 Types of algorithms

it is important to understand the types of algorithms that already exist and have been
used and tested in very different problems. There are a lot of different ways of building
an algorithm and every single one of them has its advantages and disadvantages. The

important thing is to understand what fits best for the problem at hand.

2.2.5.3 Divide and Conquer

The name refers to the process that is used in this algorithm. The idea is to recursively
divide the problem into 2 or more sub-problems and repeat until these sub-problems
are small enough to be solved trivially. The main goal of this process is to transform a
complex problem into a problem so basic that the solution can be found in very few steps.
Base cases are these basic problems that need to be solved that result from the division of
the original problem. Bases cases can be solved using whatever solutions suits best and
once all these solutions are combined the overall solution to the main problem is found.

This technique is a powerful tool that can be used to solve complicated problems very
easily since all it requires is to break up the larger problem into small simple pieces, solve
those pieces trivially and then combine these solutions.
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Merge sort is an optimal sorting algorithm that divides an array recursively to obtain
an array so small that is already sorted (an array of 1 or 0 elements) and then merges
these smaller arrays into a larger sorted array.

Real-world problems won't just wait for the problem to become so small and trivial
as the example explained above. There is a hybrid solution using the divide and conquer
method where the problem is divided into smaller problems but these base cases can’t
be solved in one or two steps. The base cases are still complex problems so a different
algorithm is used to solve them. Sometimes using purely the divide and conquer method
results in unnecessary recursive calls and could be more efficient to leave a larger base
case and use a different algorithm to solve it. Reducing the number of these base cases and
increasing the efficiency with which they are solved, dramatically improves performance.
As said previously, everything depends on the context of the problem. This algorithm
is very well suited for parallel processing because the base cases can be run on different
processors simultaneously.

There is also another problem with using the divide and conquer algorithm: it could

be wasting calls recalculating the same numbers over and over again.

2.2.5.4 Binary search

Binary search is a method to find if an element is present in an array or not. It works in a
way that splits the array into two halves and searches if the element is located in the upper
half of the lower half and then splits it again until the answer is found. Binary search is
more efficient than linear search for larger data. Linear search will analyse element by
element sequentially for the entire array. If the element that is being targeted is on the
end of the list then it will take a long time to get to the result whereas binary search only
"needs to examine just a few array entries (relative to the size of the array) to find the
key (or determine that it is not there)."[22] It is also possible to compare a linear search
with a binary search with time complexity. In the figure 2.11, it is possible to see that the
performance of a linear search, represented with 0(7), has a not-so-good result for bigger

data structures when compared with the binary search, represented with 0(log(n)).

2.2.5.5 Fibonacci search

The Fibonacci search technique is a method of searching a sorted array using a divide and
conquer algorithm, explained previously, that narrows down possible locations with the

aid of Fibonacci numbers. [23]

2.2.5.6 Data-structures

A search algorithm can work faster and more efficiently if there is a data structure design,
especially for that purpose. If all the information is well organized and easily accessible,

the algorithm can be simpler than the construct. There are many different ways of storing
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and organizing data and for that reason it is important to learn about the ones that fit this

problem.

Search trees Before understanding the concept of a search tree it is important to know
exactly what a tree is. A tree represents hierarchical relationships between items [24] just
like in Figure 2.12. In practical terms, it starts with the root node, which has child nodes
and those child nodes have their child nodes.

Steve  Len Rob Richard Laurie Jim Lisa Jeff

Figure 2.12: Tree data structure[24]

A binary tree works in the same way but one node can only have up to two child nodes.
A binary search tree is a binary tree that fulfils a specific ordering property, every left
node is always a smaller number than the root node and the right node is a greater value.
For that reason it is easy to find a number on this kind of tree in a few steps. For example,
a 4 level binary tree can have a maximum of 15 elements. In the worst-case scenario, to
find if a certain value is in the tree, only 4 operations are needed. For a 31 element binary

tree, a maximum of 5 operations and so on.

Symbol tables A symbol table is a data structure for key-value pairs[22], in other words,
it is a symbol associated with some information related to that object. This kind of
structure supports two operations: "insert (put) a new pair into the table and search for
(get) the value associated with a given key."[22]

In Figure 2.13 the applications for the symbol table are represented, as well as the
purpose of search, key and value. This Figure makes a clear definition of examples for

the symbol table and how it can be used.

2.2.6 Algorithms comparison

Choosing the right algorithm that fits the problem described in Chapter 2.2.1 will be a
trial-and-error task. Trying to understand the problem and how it is possible to organize
the information will also be an important process before starting to code.
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application purpose of search key value
dictionary find definition word definition
book index find relevant pages term list of page numbers
file share find song to download name of song computer ID

account management process transactions account number transaction details

web search find relevant web pages keyword list of page names

compiler find type and value variable name type and value

Figure 2.13: Symbol Table Applications[22]

Taking into consideration what kind of approaches would best fit the problem alone
is not enough. It is important to analyze the algorithms’ efficiency. In Figure 2.14 a table
is shown where the algorithms’ efficiency are compared using the big 0 notation.

Idea Data structure Worst Case Average Case Memory
Search Insert Search Insert (Bytes)
Sequential search Unordered list O(n) O(n) O(n) O(n) O(n)
Binary search Ordered array O(lg(n)) O(n) O(lg(n) O(n) O(n)
Binary tree search Binary tree search O(n) O(n) O(lg(n)) O(lg(n)) O(n)
Balanced binary 2-3 tree search O(lg(n)) O(lg(n)) O(lg(n)) O(lg(n)) O(n)
search tree
Red-black BST O(lg(n)) O(lg(n)) O(lg(n)) O(lg(n)) O(n)
Separate chaining® o(1) o(1) o(1) o(1) O(n+m)
(array of lists)
Hashing
Linear probing* O(lg(n)) O(lg(n)) o(1) O(1) O(n)
(parallel arrays)

o with uniform and independent hash function
s n :Number of the inserted elements
& m: Size of Array of the list (The range of the hashing function results)

Figure 2.14: Algorithms’ efficiency comparison[25]

Some of the algorithms explained previously are not comparable because they have
different levels of complexity. Some are so rudimentary that they will not solve the
problem discussed in this dissertation. Nevertheless, learning about these methods is
important to develop algorithmic thinking (Chapter 2.2.5.1). Search trees are a good
example of a useful algorithm for this topic.

This kind of algorithms weren’t used to build the solution described in this disserta-
tion but, as explained in chapter2.2.5.1, it was really important to approach the problem

with a different perspective.
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3

CONCEPT AND ARCHITECTURE

This chapter describes the algorithms’ parameters and its implementation. In order to
select the experts for proposals evaluation, certain parameters have to be taken in consid-
eration and be somewhat transformed in numbers to distinguish reviewers expertise and
that is what chapters 3.1 and 3.2 are about, respectively. The evaluations system (chapter
3.3) will be described by two different perspectives: admin’s and reviewer’s. In the end
of this chapter, will be described the technological specifications that this work is based
on (3.4).

3.1 Algorithm parameters

To make the decision for the best reviewer for a certain proposal there are some parame-

ters that should be taken into consideration based on Liu’s approach[1].
 Conflict of interest;
* Recent experience in an area of interest;
* Years of experience in an area of interest;
* Recent experience in a sector;
* Years of experience in a sector;
* Reviewer’s work overload;
* Gender.

In the following chapters, all these parameters described above will be explained in terms
of concept and how they should be implemented. The conflict of interest parameter and
the work overload are not a part of the system to get the best reviewers: the conflict
of interest should be an exclusion criteria and the reviewer’s overload should just be
a warning for the admin to take into consideration the amount of proposals that the

reviewer has to evaluate.
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3.1.1 Conflict of interest

The first criteria that should be taken into account is the existence of a conflict of interest.
This can be measured by the company that the users are currently working at. When a
user registers, it should be mandatory to insert the company. Every proposal is associated
to a user (candidate), which means that is also associated with a company. A reviewer
is also a user, so when they sign in the platform, it will also be mandatory to insert
the company. There is an important thing to assure here, the name of the company is
something that the user can choose from a list, or create by inserting the name manually.
This can lead to users working on the same company in reality but not the platform
database, for example: Jon works on Sky, and he introduces the name of the company
as "Sky". Mark, that is working at Sky too, is also registering on the platform, and he
ruffly searches on the companies list but doesn’t find the company name on the list. So
he adds a new one, and he writes "SKY". This means that they are registered in different
companies on the platform, if Mark upgrades his profile to be a reviewer he shouldn’t
review any work from Jon because they are both working on Sky, but the platform will
wrongly allow that.

When a user is registering in the platform, it should be given a list of all the compa-
nies that already exist in the platform. It would be very tedious for the user if they had
to leave the users’ registration page, enter the add a company page, and add a new com-
pany. It should be possible for the user to create a new company in the registration page.
This functionality is very important for the user comfortably using the portal. It would
also be interesting for the user to be able to search companies by name/Value-Added
Tax (VAT)/Participant Identification Code (PIC) because if there are a lot of companies
registered in the platform the list could be very long. Another way to make the platform

more user-friendly in this aspect is to sort the companies’ list alphabetically.

3.1.2 Users’ experience and proposal’s areas of interest and sectors

In order to be assign a proposal to a reviewer, it’s necessary to verify if the reviewer has
knowledge in the area of the proposal. When a user submits a proposal, they can choose
the areas of interest that fit their project, as well as a sector. Areas of interest is about
the technology used in that project, for example sensors and actuators, micro and nano
electronics, artificial intelligence etc. Sectors is the industry where that area of interest
is applied, for example agriculture, manufacture, tourism, energy, etc. To check if a
reviewer is able to evaluate a proposal, it is necessary to know their experience in both

fields. It’s possible to obtain that information by two different ways:

» Platform experience - A record of evaluations that a reviewer did in a certain area

or sector;

* Previous experience - A record of projects they worked on.
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If it was only taken into consideration the experience that a reviewer had on the plat-
form, in other word, the areas or sector of the proposals that they had evaluated, new
reviewers wouldn’t have a chance to be chosen by the algorithm to review a proposal. To
get the Platform experience is necessary to keep the register of every evaluation that the
reviewer did. To get the reviewer’s Previous experience, the platform should ask the user
their experience when they are trying to upgrade their profile to become a reviewer,this
allows new reviewers to be eligible to evaluate a proposal. It should be also possible
for the reviewer to update their experience and add new ones. The platform could also
suggest the reviewer to update their profile when they are six months without adding new
experience, for example. Another interesting feature is that the user that is submitting a
proposal could add multiple areas of interest and sectors to their candidature. And this
could work the same way for the reviewer when adding their experience. It would be
very unpleasant for the user to insert the same experience over and over just to change

the areas of interest.

3.1.2.1 Recent experience

In technologies the information is constantly changing and for that reason a reviewer with
experience in a certain area of interest could not be the best choice to evaluate a proposal
in the same area if their experience was too long ago. For that reason, it is very important
to know every reviewers’ latest work. So when a reviewer is adding their experience,
there should be a field for them to introduce the date of that work.

3.1.2.2 Years of experience

If a reviewer has worked their entire life on a certain area of interest, they for sure are
an expert in that field. For that reason, when a reviewer is adding their experience, they

should be able to introduce the staring date of that project as well as the ending date.

3.1.3 Reviewer’s work overload

If a reviewer is currently evaluating a lot of proposals, the platform should alert the
admin that this reviewer couldn’t be the best choice. Even if the algorithm recommends
that user because it has the best compatibility with the proposal, it should come with a
warning signal. The limit of proposals per reviewer should be defined by the admin. The
reviewer should be able to refuse the revision of a proposal, so that they can have a say in

the amount of work assigned.

3.1.4 Gender

There aren’t many women working on the technology flied, and one way of getting their
participation is to give them some advantage. It’s also important to evaluate their expe-

rience and compatibility with the proposal, but being a woman increases the change of
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being selected by the algorithm.
In figure 3.1 is presented a flowchart that resumes the parameters described above

i Disconsider that
K reviewer
Check recent Check years of
Chose a reviewer Conflict of e work on the work on the
for a proposal interest? proposals' areas proposals' areas
of interest of interest
yes
f— warning
Check recent Check years of Reviewer Reviewer's
work on the —> work on the —> overloaded —No rankin
proposals' sectors proposals' sectors 2 9

Figure 3.1: Algorithms’ flowchart

that will be used in the algorithm.

3.2 Algorithm’s structure

As it is explained in chapter 3.1.2, user’s experience is divided into two parts (platform
experience and previous experience). To measure the expertise of a reviewer in a certain
area, it is important to have a profile of both types of experience. The method to calculate
the level of experience is similar in both types, they will be explained separately, and then
it will be explained how these two are combined.

As said previously, there are some exclusion criteria that will be checked before the
algorithm’s action. The list presented next is an extended list of every parameter that

enters the calculation of the reviewer’s expertise:
* Reviewer’s previous experience:

— Number of years passed from last experience on a certain area of interest and

sector;

— Years of experience on a certain area of interest and sector.
* Reviewer’s platform experience:
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— Number of years passed from last proposal reviewed on a certain area of inter-

est and sector;

— Number of proposals reviewed on a certain area of interest and sector.

It is also important to have in mind that it is only being taken into consideration one
area of interest in this explanation, but the idea is that the method is applied to all areas

of interest and sectors.

3.2.1 Algorithm’s previous versions

While building the logic for this algorithm, three different methods occur:
* Ranking;
e Scale;
* Percentage.

The Ranking method consists in evaluating the list of all the reviewers that exist for a
certain area of interest and order them by the most to the least qualified. The reviewers
are ranked by the ones that have more recent experience as well as the ones who have
more years of experience, then these two ranks are summed, and that results on the final
rank. This is an operation that gives the best reviewers available, based on comparisons
with other reviewers, and for this reason this method is considered fair. It’s also important
to understand that this method results in multiple operations and comparisons, which
leads to a more complex algorithm.

The scale method is based on a fixed table that gives certain points for certain ranges.
For example, reviewers with less than three years of experience get one point, between
three and five they get two points, and more than five years get three points. A disadvan-
tage of this method is that it could lead to reviewers getting the same point just because
they are on the same range, but there are some more qualified than others. As the Rank-
ing method, this method is also based on comparison and could lead to an operation
that costs time and memory with a more extend database, and for this reason tends to
be a complex method. An advantage of this method is that it is possible to check if the
platform is lacking some specific kind of knowledge. With this method, it is easy to
check if the reviewer was chosen because there was no one better in that field, or if they
are actually experts. Another advantage is that all the values (the ranges and the points
attributed) could be saved and alterable by the admin at any time, which can allows the
admin to perfect the algorithm according to his or hers preference.

The Percentage method is a method where all the parameters have a certain percent-
age, for example the years of experience weights 20% for the sector and 40% for the areas
of interest. This method involves simpler operations when comparing to the previous
ones. As the scale method, the values can be also changed by the admin, allowing im-

provements. A disadvantage is that the number that results from this operation has no
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meaning. In the Ranking method the final value meant the position that a reviewer is
when comparing to the others, the scale method resulted from a sum and there was a
maximum and a minimum value that could come from that operation, but in the per-
centage method that doesn’t apply. In a situation where the weight given to the years
of experience and the last experience is the same, the experience calculation could be a
negative result, for example: the last experience is the number of years passed from the
more recent experience, which means that the higher the number the least qualified they
are, so it wouldn’t multiply by 50% but instead by -50%. To solve this problem the years
of experience were multiply by 50%, but the last experience was multiply by 1/50%, and
this eliminated the negative results, but the result was still meaningless. It is interesting
to have a result that the admin can now have the perception if the reviewer is qualified or
not. To put the final result in a percentage, it is necessary to make to some comparisons in
order to find the maximum and the minimum of a list. This makes the algorithm a little
more complex, but not as complex as the ranking method that had to order a list, this is
just finding two numbers on a list. So the equations used to get the score for a certain
area of interest were the ones presented next (equations3.1 and 3.2).

MIN(Y

Years of experience score = Years — (MAX(Years)(—j\ZrISlzf(Years) (3.1)
MIN (Last

Last experience score = Last — (Last) (3.2)

(MAX(Last) — MIN (Last)

To get the global score from the reviewer’s previous experience is necessary to check
every area of interest and sectors of a proposal and apply this method.

To get the reviewer’s platform experience the method is the same but instead of getting
the years of experience, it will be taken into consideration the numbers of proposals that
that reviewer had already evaluated. In the end everything will be added up, and it
is also possible to give more importance to the platform experience than the previous
experience. For that, the admin only has to change the percentages given to each one. A
big disadvantage of this method is that the percentage is based on the others reviewers’
knowledge, this means that a reviewer with 100% could be a reviewer with a really poor
experience in a certain area but is considered an expert.

In figure 3.2, is presented a summarized comparison between all algorithms described

above.

3.2.2 Algorithm based on experiences value

This method is based on the idea that all experiences have some kind of value, and that
experience loses value as it gets older. For this algorithm, the platform and previous
experiences will be part of the calculations, but they are now referred to as internal and
external experiences, respectively. In the equation 3.3 and 3.4 is possible to see two parts:
calculation of the duration of the experience in years (only applies for external experience,
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Complex operations - problem for bigger
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reviewers (max and min)

Figure 3.2: Algorithms previous versions comparison

as shown in equation 3.4) and deduction of the depreciation associated with the years
passed. The depreciation relies on the fact that for every year that has passed from the
end of a certain experience, it deducts a certain percentage. That percentage is called Age
Depreciation and is a value from 0 to 1 where 0 means that the experiences don’t lose
value with the years and 1 means that the experience doesn’t have value at all. If the Age
Depreciation takes a value of 0.1 that means that the experiences loses 10% of its value
every year. This method for calculating the value of an experience works the same way for
the internal experience, but it doesn’t multiply by the duration of the experience because
and evaluation as a specific date, and it doesn’t extend in time. For this reason, the
maximum internal score is one (equivalent to one proposal) and the maximum external
score is equal to the duration of that experience. This algorithm was implemented in
MySQL using views to get the data from the tables. During this chapter all the equations
will be presented as well as the name of the view used for every step of the calculation
for the final score.

CurrentDate—EvaluationDate

IntScore = (1—-AgeDepreciation) 365,25 (3.3)
Endi Date — StartinegDat CurrentDate—EndingDate
ExtScore = (Ending a3e65 ZSM ingDate) x (1 —AgeDepreciation) TS5 (3.4)

In the views aoi-user_aoi-score_int and aoi-user_aoi-score_ext the previous equation are
used to calculate the score. The internal score is based on the proposals that a certain
user evaluates, so it is important to make sure that the proposal is already reviewed and
approved by the admin before adding that to the user’s experience.

Internal and external score are presented in different units: the internal experience
score is a number of proposals, and the external experience score is measured in years.
For this reason and to make the values more understandable to the admin, the scores were
converted to percentage. For the calculation of the internal score percentage, the score
was divided by Max Proposals 3.5. Max Proposals is the number of proposals evaluated
that the administrator of the platform considers to be the best value. For example, if the
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admin sets Max Proposals to 10, that means that a reviewer with 10 evaluations is a great
reviewer. Of course, that if those 10 evaluations were old, they wouldn’t be worth 10
(because of the Age Depreciation). For the calculation of the external score percentage
instead of the Max Proposals, the score is dived by Max Years Experience, which is the

number of years that are considered to be an excellent experience duration 3.6.

IntScore
Int S p tace= ——— %100 3.5
nternalScorePercentage MaxProposals 53
ExtScore
ExternalScorePercentace — x 100 3.6
xternatocorelercentage MaxY earsExperience (56

The previous calculations have to be made to each experience individually and the
next equations represent the sum of all the internal experiences (equation 3.8) and the
sum of all external experiences (equation 3.9). The views aoi-user_aoi-score_aggregate_int
and aoi-user_aoi-score_aggregate_ext use those equations and also use the total score equa-
tion 3.7, to get the real score instead of the percentage score. This equation is used to get
the total of the internal and external score, so it is a summation of all the results of the
equation 3.3 for the total internal score and a summation of the results of the equation

3.4 for the total external score.

TotalScore = ZScore (3.7)
TotallnternalScorePercentage = ZInternalScorePercentage (3.8)
TotalExternalScorePercentage = ZExternalScorePercentage (3.9)

The next step is to get the global score, both internal and external. For that, three
views were used: aoi-int_ext-left, aoi-int_ext-right and aoi-total_left_right. These views are
responsible to join the results and to give the experience of every user for all the areas of
interest. The equation 3.10 was used to calculate the average percentage of the internal
and external score.

TotallnternalScorePercentage + Total ExternalScorePercentage
2

TotalScorePercentage =
(3.10)

The goal of this algorithm is to choose the best reviewers for a certain proposal, and for
that reason is important to check the reviewers’ expertise in all the areas of interest that
a certain proposal has. The view aoi-proposal_aoi-total_left_right joins the result obtain
previously with the proposals. The idea is to always get a result in percentage, and if
the experiences involved in a proposal were just added to each other, the result could
be greater than 100%. To do the average between all the areas is necessary to know the
number of areas of interest involved in a proposal and this is given by aoi-proposal_aoi-
count_aoi view. Finally, aoi-alg_final view gives the reviewer’s score for a specific proposal

using equation 3.11.
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Y TotalScorePercentage
NumberAOIsProposal

Total AOIProposalPercentage = (3.11)

This algorithm, although it might have complex operations, has multiple advantages:
the percentage has a meaning, is adjustable by the admin and is possible to check what
areas of interest need more experts. The complex operations involved here are not as
complex as the ones involved in the ranking method, or even in the scale method: this
algorithm uses addition, subtraction, multiplication, and division operations, instead of

endless comparisons.

3.2.3 Data used in the algorithm

Two MySQL tables were the major center of information for the algorithm to work on,
demonstrated in figure 3.3. Proposal_aoi and User_aoi are the tables where the views
explained in the previous chapter get most of the information. Proposal_aoi is responsible
for the internal experience. One proposal can have many areas of interest, and this tables
groups that data. Of course that other tables need to be joined with this one, for example
is necessary to see the state of the evaluation of that proposal to see if it is finished
and also to get the date when it was made. Users_aoi is responsible for the external
experience. When a user decides to upgrade to be a reviewer, they have the possibility to
had experience in multiple areas of interest. This table also registers when the experience

started and ended. It is also possible to say that the experience hasn’t finished yet.

L] areas_of_interest v
aoi_jd INT

aoi_name VARCHAR(150)
>

F.#
| : “Juser_aci ¥
_1 proposal_aoi ¥ : I id INT
id INT | | * user_id INT
# proposal_id INT == I——— - @ goi_id INT - =
@ aoi_id INT starting_date DATE :
> ending_date DATE |
> |
¥ _J users v
] proposal v 1 I
| user_jd INT
proposal_id INT | |
| user_type TINYINT(1)
proposal_name VARCHAR(100) . |7 — %
L el user_name Y ARCHAR(35)
abstract VARCHAR(300)
gender VARCHAR(15)
acronym VARCHAR(15)
email VARCHAR(50)
duration_days INT
— B — e e e =4l ¥ user_pass VARCHAR(50) |H==— =
state TINYINT
register_date TIMESTAMP
# call_id INT
occupation VARCHAR(50)
files VARCHAR(300)
company_id INT
#user_jid INT e e e —— —iH
I files VARCHAR(45)
duration_days_aux INT
= I country VARCHAR(45)
‘ >
¥ - ‘
T | ES
| | I
1 1

Figure 3.3: Algorithms center of information - MySQL schema
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Another important center of information is the table with constants used in the calcula-
tions demonstrated previously, presented in figure 3.4. This is the table where the admin
can adjust the weights of every variable. For example, if the admin wants to have more
weight in the internal experience then in the external, we must reduce max_evaluations,
which is the number of proposals that correspond to 100%. If, for instance, the admin
wants to increase the devaluation in older experiences, then the age_depreciation factor

(internal or external) must be increased as well.

idscore, name weight  description
» age_depredation_internal 5 Age correction factor for evaluation. Examples: "0” equals no deduction, "10" equals 10% deduction for a one year old evaluation.
age_depredation_external 10 Age correction factor for experience. Examples: "0" equals no deduction, "10" equals 10% deduction for a one year old period.
max_years_experience 4 Maximum number of years of experience to score 100%
max_evalutions B Maximum number of evaluations performed to score 100%
sector_weight 40 Percentage for sector to the total score
aoi_weight 60 Percentage for areas of interest to the total score

T T

Figure 3.4: MySQL table with auxiliary constants to calculate the score

3.3 Evaluation system

The proposals will be evaluated by different reviewers and for that reason there needs
to be some kind of guidance throughout the revision. The person that created the call
(admin) is the best one to decide which parameters should be evaluated in a proposal
for that call. The admin could also decide if there are parameters more important than
others. In figure 3.5, are represented the tables where the information about evaluations
are stored. On the bottom of the figure are the tables evaluation_form and question_form,
the data stored here is introduced by the admin. The tables evaluation and question, on the
top, are tables where the actual evaluation is stored. The relation between these tables
is one to many, here one evaluation (either the form or the evaluation itself) can have
multiples questions associated.

On the platform already built by Laura Martins [26], it was necessary to add a some

features to facilitate the reviewer usage of the platform.

3.3.1 Admin’s process

When creating a call, the admin needs to create an evaluation for as well, as said pre-
viously. It is possible to save the evaluation form as a draft (state 1) but when the call
is published, the evaluation form has to be finished (state 2). Then the call is open for
proposal submission and when that period ends the admin has to select the reviewers
responsible for the evaluation of every proposal submitted. When the admin accepts the
reviewers proposed by the algorithm, an evaluation for that proposal is generated for all
the users selected. When the evaluation reaches state 2, where it is completed, the admin
has to approve the evaluation. If approved, the evaluation was a success and can be used

by the algorithm as internal experience. If there is some mistake and the evaluation is not
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_] evaluation v
evaluation_id INT ] question o
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Figure 3.5: Evaluation system — MySQL schema

validated is moved back to the draft state (state 1). This process is represented in figure
3.6 where all the steps explained here are summarized.

TASK
USER

Admin

Reviewer L}

Figure 3.6: Evaluation process

In the next chapters, the menus used by the admin for all the different phases are
shown.

3.3.1.1 Menu with proposals that need a reviewer

The admin need to know the proposals that are in the state where they are waiting for a
reviewer. Proposals have 4 states [26]: draft, submitted, on evaluation, approved. The
goal here is to list all the proposals that are on the stage submitted, to choose the reviewer
and move it to the next stage, as it is shown in figure 3.7.
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Proposals Portal

Proposals to be Reviewed

Select a proposal and choose the reviewers

Cooling Process

Importance of sharks to increase offshore wind farms efficiency

Figure 3.7: List of all proposal waiting for reviewers

3.3.1.2 Info about the reviewer’s compatibility with a certain proposal

Based on the algorithm described previously, it is possible to get users information about
the compatibility with a certain proposal. After the admin is presented with a list of
submitted proposals that need reviewers, the admin has to choose if they either agrees

with the algorithm’s suggestion or don’t, using the page shown in figure 3.8

Proposals Portal

Name User's AOI/Proposal’'s AOI Total AOI Percentage

Marta 6/6 32.89%
Carlos 4/6 26.65%
Joao 3/6 13.65%

Figure 3.8: List of the best reviewers found for a certain proposal

If the admin wants more information about a certain user to better understand the
compatibility with a proposal, the More Info button explains how that total percentage
was obtained. Carlos, for example, has experience in four out of the six areas of interest
involved in that proposal. The More Info results are demonstrated in figure 3.9. Once the
reviewers are accepted, the proposal is moved to the state “On evaluation” and evaluation

sheets are opened for each reviewer.
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Proposals Portal

Experience percentage for the proposal's Areas of Interest

AOI ID INTERNAL EXPERIENCE EXTERNAL EXPERIENCE INT + EXT = TOTAL AOI PERCENTAGE AVERAGE AOI PERCENTAGE
41 63.31% 47.42% 110.73% 55.36%
42 31.32% 73.24% 104.56% 52.28%
43 31.32% 0.00% 31.32% 15.66%

44 0.00% 73.24% 73.24% 36.62%

= m

Figure 3.9: Details about a user’s score for a certain proposal

3.3.2 Reviewers’ process

In the figure 3.6, is represented the reviewer process that occurs in the middle of the
admin’s process. Once a proposal is attributed to a reviewer the evaluation begins. It can
be saved as draft (state 1), and after that submitted (state 2). The reviewer should be able
to see all the proposals that they have to review with easy access to its evaluation, like

represented in figure 3.10

Proposals Portal

Proposals to review

Click a proposal to evaluate it.

Sensor System
(ss)

Call: Solar Systems for Industrial Process Heat and Power
Abstract: Detects energy peaks

Sectors: Agriculture
Areas of interest: Micro and nano electronics, smart system integration,Sensors, actuators, MEMS, NEMS, RF,Photonics, electronic and optical
functional materials

Duration: 15 weeks

Figure 3.10: List of proposals to review for a certain user

3.4 Technological specifications

The work developed here was designed on top of an existing data structure created in
MySQL. For that reason, the algorithm was built around the preexisting tables and struc-
ture. As explained previously, a chain of MySQL views were used to get the information
in need. MySQL was a specific way for storing information, which was really useful while
design the intelligence to choose reviewers. Being a relational database allows easy access
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to information about the users and the proposals, and this is what this dissertation is
about: to find a relation between users and proposals. The portal itself was also based
in an existing structure and added elements to connected with the proposals’ evaluation.
The portal uses technologies such as Express, React, and Next. Express is responsible for
the connection with the MySQL database, is a JavaScript framework and it was used for
the server side (backend). React is a JavaScript library for interface developing. All the
user interface was design using react. Next is a react framework responsible to optimize
web development. The tools used to build this portal and how the interacted with each

other is represented in figure 3.11.

server Frontend

(00 —]
N EXOress
nede

CY-Y-Y-Y

pAE4 Y

My

Figure 3.11: Portal tools’ interactions
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4

TESsTING AND HYPOTHESIS VALIDATION

In the beginning of this dissertation, some questions were established, and this chapter
proves the hypothesis studied in the previous chapters. To do that, a series of tests were
performed to check the hypothesis viability, those tests and its results are presented in
chapter 4.1. Lastly, the research questions will be answered and the hypothesis proved in
chapter 4.2.

4.1 Testing

To test the algorithm, six types of tests were executed, with laboratory data:
* Test with only one area of interest;
» Test with multiple areas of interest;
* Test with external experiences with the same duration but one older than the other;
* Test with the same internal experiences but one older than the other;
* Test with evaluations not completed;
* Test with a perfect reviewer.

For all this tests, it will be described the reviewer’s experience involved in that test. It
is important to have in mind that the external experience is considered 100% if it had
lasted four years, and if it is a current experience. It is also considered a perfect internal
experience, three proposals reviewed in that day. They have to be recent experiences
because age deprecation was set to 5% and 10% (internal and external, respectively). In

all tests, the areas of interest will be referred to as numbers for better understanding.

4.1.1 Test with only one area of interest

Joao is a reviewer that has evaluated two proposals: one with three areas of interest (41,

42, and 43) and another one with one area of interest (41).
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Marta has evaluated four proposals: one with three areas of interest (41, 42, and 43)

and three proposals with three areas of interest (44, 45, and 52).
Carlos has evaluated the same proposals has Joao.

Joao has worked in the area of interest 41 for one year in 2011 and another year in
2022.

Marta doesn’t have any external experience.

Carlos has worked two years from 2011 to 2012 in the area of interest 41, and has been
working in that same area from 2022 until now. Carlos has also three years of experience
from 2020 to 2022 in the areas of interest 42 and 44.

All the users’ experience described previously are resumed in figure 4.1.

User Internal Experiences External Experiences

Jozo 1 Proposal with areas 41, 42, and 43 1year in area 41 - 2011
1 Proposal with area 41 1year in area 41 - 2022
1 Proposal with areas 41, 42, and 43
Marta ) -
3 Proposals with areas 44, 45, and 52
. 2 year in area 41 - 2011 -2012
Carlos 1 Proposal with areas 41, 42, and 43 Currently in area 41 - 2022

leecsleiiE e 3 year in area 42 and 44 - 2020 ~2022

Figure 4.1: Users’ experience

For the first test were created two proposals. Proposal A with area of interest 41;

Proposal B is involved with area 44.

Joao, Marta, and Carlos all have experience in the area of interest 41, and for that
reason they are all possible matches for proposal A. Joao and Carlos have similar back-
grounds in this area and for that reason they have similar percentages, as it is possible to
see in figure 4.2. They don’t have a very high score because they have around two years of
experience and two proposals reviewed in that area, so they have a better internal score
than external. Marta doesn’t have any external score and has reviewed only one proposal,

for that reason she couldn’t have a percentage higher than 1/73 =16,6(6)%.
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Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Carlos 1Al 55.34%
Joao 1”71 48.97%
Marta 1”7 16.00%

Figure 4.2: Results for the test with a single area of interest

For proposal B, Jodo is excluded because he has never worked in that field. Marta
has reviewed three proposals in area of interest 44, and for that reason she has almost
100% in internal experience, because those evaluations are very recent. She doesn’t have
any external experience and for that reason she only has about 50% compatibility with
proposal B. Carlos has three years of experience that took place only 3 months ago, so it

couldn’t be greater than 3/74 =37,5% as it is shown in figure 4.3

Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Marta ” 4079%
Carlos 1”1 36.63%

Figure 4.3: Results for the test with a single area of interest

4.1.2 Test with multiple areas of interest

A proposal with the areas 41, 42, 43, 44, 45, and 52 was submitted and all the users
described previously, could be a match for this proposal as it is possible to see in the
figure 4.4.

Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Marta 6/6 32.89%
Carlos 4/6 26.65%
Joao 3/6 13.66%

Figure 4.4: Results for the test with multiple areas of interest

37



CHAPTER 4. TESTING AND HYPOTHESIS VALIDATION

4.1.3 Test with external experiences with the same duration but one older
than the other

Barbara has one year of experience in the area of interest 50 starting in 2022 until now.
Filipe has also one year of experience, but it happened ten years ago. None of them have
internal experience. They are both possible reviewers to evaluate a proposal in that area
of interest, as it is possible to observe in figure 4.5. With a one-year experience and no
internal experience, the best possible result is % =12,5%, which is the result is shown

for Barbara.

Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Barbara 11 12.56%
Filipe 11 435%

Figure 4.5: Results for the test with external experiences with the same duration at differ-
ent times

4.1.4 Test with the same internal experiences but one older than the other

Tiago and Marco have both reviewed a proposal in area of interest 59, but Marco reviewed

it recently and Tiago had reviewed it 10 years ago, for that reason the best result possible

is 1/73 =16,6(6)% as it is shown in figure 4.6

Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Marco 1,1 16.66%
Tiago 171 9.98%

Figure 4.6: Results for the test with internal experiences with the same number of evalua-
tion at different times

4.1.5 Test with evaluations not completed

Tiago and Marco have also reviewed a proposal with the area of interest 55, but Marco
haven’t submitted is evaluation yet. A proposal with the same area of interest has sub-
mitted, but the Tiago is the only reviewer available because Marco doesn’t have a valid

experience in this area, as it is shown in figure 4.7.
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Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage

Figure 4.7: Results for the test with not completed evaluations

4.1.6 Test with a perfect reviewer

Maria has been working for four years in the area of interest 56, and she also has reviewed
three proposals recently and for that reason she as a perfect score of 100% as it is shown
in figure 4.8. In the figure is possible to see that the percentage is above 100% and
this means that the parameters defined for a great reviewer (the maximum number of
evaluations and maximum number of years of experience) are not right. The platform has
reviewers with better experience that the one defined as the best. It could be possible to
limit this value to 100% but that would mean reviewers with different levels of expertise
would be defined as equal. By not limiting this values the admin is able to know that the
criteria that was defined no logger corresponds to the best and maybe it could be better

to update the score_weights table.

Proposals Portal
Name User's AOI/Proposal’s AOI Total AOI Percentage
Maria 11 100.05%

Figure 4.8: Results for the test with a perfect reviewer

4.2 Research Questions and Hypothesis Validation

Two research questions were defined in the beginning of this dissertation:

RQ1: '"Is there a way to optimize and digitize the process of proposal evaluation?"
Answering RQ1, there is a way to optimize the evaluation process. In chapter 3.3

is proposed an evaluation method based on MySQL that works with states. Using the

state variable present in every table, it is possible to check the stage of the process, for

example is possible to know if a certain proposal has been submitted, if the reviewers
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have been selected and if it has been evaluated, as well as the state of that evaluation
(draft, completed or validated).

RQ2: '"Is it possible to create an algorithm that proposes experts to evaluate a proposal
based on their areas of expertise?"

For the RQ2, chapter 3.1 has a detailed explanation about the parameters that can
be taken into account in order to build an algorithm that proposes reviewers to proposal
evaluations. To decide which evaluator is the best, the level of expertise must be calcu-
lated, and that is explained in chapter 3.2. A series of calculations is made to get the score
in percentage of each user for every proposal, so it is possible to list the best reviewers for
a certain proposal. The method for getting that list was studied in many different forms
in order to understand which method better fits the context. Every one of them has its
advantages and disadvantages but the algorithm presented in chapter 3.2.2 was the one
chosen to be implemented with this dissertation.

The hypothesis of this dissertation is:

"Propose experts for proposals evaluations using the meta-information from

the reviewers experience and the proposal’s details."

The support system to propose expert peers for document review was built, imple-
mented and tested according to various types of tests (chapter 4.1). The algorithm im-
plemented in this dissertation lists every reviewers that have knowledge in the areas
involved in a certain proposal. Is possible to select them to review a proposal and the
database is prepared to store the evaluation results. For that reason, it is possible to say

that there is a way to create this support system and that it serves its purpose.
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CONCLUSIONS AND FUTURE WORK

In chapter 5.1, is a summary of all the work developed during this project. During the
process of designing the algorithm and the evaluation system, some flaws were found

that are described in chapter 5.2, followed by comments for the project’s improvement.

5.1 Conclusions

The goal of this dissertation was to improve the evaluation process: in the way of making
the evaluations more reliable by choosing the right reviewers and by making it easier for
everyone involved. Choosing the right characteristic for Liu’s work[1], was very impor-
tant to decide the parameters that dictated the compatibility between a proposal and a
reviewer, those parameters can be found in chapter 3.1. This was one of the main focus of
this dissertation because defines the database structure. It was necessary to decide early
on which parameters were necessary to collect and store, and this took a lot of time just
for planning and designing. In order to get to a point where the algorithm to support the
decision to propose expert peers was as perfect as possible, many other methods were left
behind (chapter 3.2.1), and that lead to an algorithm with mathematical rigor (chapter
3.2.2). This was also a focal point of this dissertation, trying to achieve the best method
for expert selection and testing methods that weren’t used because of its flaws. Deciding
which path was the right one and analysing every method for better results was very time
consuming but were crucial to get the an algorithm with a reliable outcome. Of course
the algorithm built and described along this dissertation is not perfect, and that will be
discussed in the next chapter.

Besides the decision system, a platform support was built to interact with this algo-
rithm and to get its results, in chapter 3.3. To test the strength of this support system
six types of tests were performed, in chapter 4.1, and for this reason the hypothesis was
validated successfully, as explained in chapter 4.2. All the tests executed were made with
laboratory data, it would be very interesting to see how the algorithm would respond to
real users, but those kind of tests weren’t performed due to lack of time at the end of the
development of this dissertation, making it impossible to test with real data. React is a
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very useful framework but it would be much easier to get things ready for the user with
a tool with a Create, Read, Update and Delete (CRUD) system built in. React has a way
of interacting with the database in order to do those operations, but it was very hard to
built a page just for creating a new experience and if that involved getting information
from the database with a specif key (for example get the percentage score of a reviewer
for a certain proposal) the processes to do that was confusing and very detailed. The
platform for proposal submissions was already built and for that reason it was chosen
to add the reviewers features on top of that portal and that means using React. For the
work developed in this dissertation the main focus was to assist the reviewing process
by creating a system of expert selection and for that reason building a portal for users
interactions was a feature not a goal, so battling against the React complications wasn’t a

priority.

5.2 Future work

The algorithm was designed to take in consideration the areas of interest as well as
the sectors. The database is prepared to get the sector experience: equivalent tables
to proposal_aoi and user_aoi for the sector experience are proposal_s and user_s. The
equations designed for the areas of interest, presented in chapter 3.2.2, work the same
way for the sectors. This is an important feature to implement to make the experience
calculation more complete and also a fast one to build because all the structure is already
constructed and the equations just need to be adapted. The table score_weights (3.4) has
two percentages that weren’t used but were design to the final step of the calculation
where the sector score and areas of interest score are added: sector_weight and aoi_weight
are the percentages that dictate which parameter has more importance.

The algorithm had three more parameters that weren’t implemented: conflict of inter-
ests, work overload and gender equality.

The conflict of interest should compare the companies and the countries of the re-
viewer and the candidate to check if they have a potential relationship. The reviewer
must introduce the company that they are currently working on, and the candidate has
to introduce that information while summiting a proposal. The information about the
countries could be stored differently than how it is implemented now. Maybe it would be
better to have a separate table just for the countries and compare the number id instead
of the country name.

Work overload is to prevent reviewers to have a lot of proposals to review at the same
time. The admin should get an alert if that situation occurs.

Gender equality is a parameter that gives some relevance to women. Have to separate
table results for the best reviewers could be a way of encouraging the admin to select
people from both tables, but this could have the opposite result and turns into more
discrimination. It is important to give women relevance, but the way of doing this should
be well thought.
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This project is not prepared for malicious attacks, so it is a very vulnerable structure
and can be easily hacked. SQL injection is a problem, but the solution to it comes with
many other problems [27]. Preparing this platform for potential attacks would be great,
but because it wasn’t a priority in this dissertation, it wasn’t implemented.

As a final note, the algorithm is built in a way where the best reviewer will always be
the best reviewer. Of course, that if the conflict of interests, work overload and gender
equality were implemented, there could be an improvement in the variety of the results,
but the truth is that the more proposal they review, the more experts they get in that field.
This could be solved by adjusting the parameters along the away, or for example give
more weight to external experience than internal experience. Another solution could be
encouraging the reviewers to learn more about certain areas to give them more experience.
This is a problem of the algorithm that should be studied to find a solution that gives less

experienced people opportunity to evaluate proposals as well.
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