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ABSTRACT

The Carnegie Mellon University Portugal (CMU Portugal) program
is an international collaboration between Carnegie Mellon Univer-
sity (CMU) and several Portuguese institutions. This program aims
to put Portugal at the forefront of technological advancements by
promoting education, research, innovation, and institutional collab-
oration. To investigate and quantify the impact of CMU Portugal’s
initiatives in Portugal, one important component is to evaluate
the quality of the resulting research output. Available bibliometric
data from academic data repositories, like Google Scholar, is often
used to rate academic research performance and researchers. Given
this, it is possible to study the impact of CMU Portugal’s initiatives
by performing a bibliometric analysis of scientific publications by
researchers under the scope of the CMU Portugal partnership. This
master’s thesis dissertation developed a platform that simplifies
the online identification of research and academic output and uses
factors, such as citation count, to quantify the impact caused by
CMU Portugal. This is to be implemented by extracting CMU Por-
tugal’s associated bibliometric data from Google Scholar through
the use of APIs and web scraping techniques. As such, an overview
of the methodology used is provided throughout the document.
To evaluate the usability of the final platform, we conducted inter-
views with users. We concluded that we were able to automate the
process of extracting data from Google Scholar and had positive
results regarding the platform’s usability.
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1 INTRODUCTION
1.1 Problem Definition

Since 2006, there have been several international research and inno-
vation collaborations between institutions from the United States
and Portuguese organizations and universities. One of these collab-
orations is CMU Portugal [8] and one of its main objectives is to
create a time-lasting impact and influence over scientific and aca-
demic research and education, as well as to promote collaboration
networks across several research institutions in Portugal [2].
When analyzing to what extent CMU Portugal has had an impact
on international scientific and academic research, a key aspect
is to assess the quality of the resulting research output. Several
studies ([13] [12] [7] [16] [4] [14] [15]) have proceeded on how to
quantify this impact and to attribute factors, measures, and criteria
to evaluate the quality and importance of publications as well as

the individual contribution of researchers/authors. Some of these
studies used bibliometric data to analyze and evaluate academic
content and its authors.

Bibliometric information can vary from listings of publications
and authors to the number of citations and linked institutions. As
such, this information is significant because the number of other
papers that have cited the publication or author can be calculated
and reflect the importance of publications or writers [16].

CMU Portugal’s bibliometric data on outcomes can provide fac-
tors to quantify the program’s impact on academic research. How-
ever, to gather these factors, it is essential to keep track of this data.
Furthermore, the list of linked institutions and organizations that
have participated in CMU Portugal’s initiatives demonstrates that
the program has promoted worldwide research collaboration.

1.2 Objective

As a result, our main objective is to make the process of tracking
bibliometric data concerning CMU Portugal’s research output easier
and more automated. To accomplish this, we must first determine
which documents and researchers fall under the scope of this pro-
gram. Another one of our primary objectives is to analyze CMU
Portugal’s bibliometric data.

By conducting an analysis of CMU Portugal’s bibliometric data,
we aim to gain valuable insights into the research output and im-
pact of the organization. By examining publication counts, citation
counts, and publication trends over time, we can identify highly
productive authors and assess the impact of their research contri-
butions.

Another goal, once we have gathered the needed data, is to cross-
reference the information and visualize this data on an interactive
platform. This way, we can measure the impact caused by CMU
Portugal by evaluating the displayed bibliometric data.

1.3 Proposed Solution

Our proposed solution focuses on extracting data for authors who
are Ph.D. students or affiliated with CMU Portugal. This group of
authors was chosen because outside this scope, authors did not
have Google Scholar profiles, also, each student has a CMU and
PT (Portugal) advisor, where each advisor represents its respective
institution. Because of this, we can identify international and inter-
institutional publications by verifying if both of these advisors are
credited as authors in the publication. Additionally, we limited the
scope of publications to those published within the timeframe when
the students were associated with CMU Portugal, considering their
start and end research years, with an additional one-year margin.



This approach ensures that the extracted data represent the research
activities during the affiliation period.

To implement the proposed solution, we employed web scraping
techniques to scrape data directly from the Google Scholar. For au-
thors, we extracted details such as names, affiliations, and citation
counts. We also collected information about the publications, includ-
ing titles, publication dates, and citation counts. This data provides
insights into the research output, impact, and overall contribution
of CMU Portugal.

To enhance the accessibility and usability of the collected data,
we developed a dashboard that visualizes the extracted information.
This dashboard serves as a platform for users to explore and interact
with the data. Through various charts, graphs, and tables, users can
gain insights into publication trends, author profiles, collaboration
networks, and research impact.

1.4 Document Organization

This thesis is structured as follows: First, Section 2 gives an introduc-
tion to what the CMU Portugal program consists of. Then, Section 3
discusses related work, which includes studies on how data reposi-
tories can be used as a tool to access scientific impact. The proposed
solution and its implementation are presented in Section 4 where we
explain the methodology used to extract data from Google Scholar
and the methodology that developed the final platform. Next is
Section 5 where we describe the evaluation process that was used
to evaluate the final platform and the results from this evaluation.
Section 6, presents a summary of this thesis’s most important key
features and the current limitations of our implementation.

2 CMUPORTUGAL

According to the CMU Portugal 2018/2019 annual report [2], the
CMU Portugal is an international platform for education, research,
and innovation that was founded in 2006. This program includes col-
laboration with CMU and several Portuguese universities, research
institutions, and companies.

This initiative aims to put Portugal at the forefront of technolog-
ical developments and research in digital technologies and the area
of Information and Communication Technologies (ICT) to encourage
and promote cutting-edge research and world-class graduate educa-
tion. Currently, the major objective is "to bring up interdisciplinary
collaboration between industry and academia across different levels
of ’big data’ development stack" [2]. To achieve this objective, CMU
Portugal has several initiatives and programs [2]. A few of these
initiatives will be described in the following sections:

2.1 Talent Development

Portuguese universities and CMU offer Dual-Degree Doctoral Pro-
grams in several areas in which successful candidates are awarded
two Ph.D. degrees where each one is, respectively, from CMU and
one of the Portuguese universities of this program. CMU Portugal
also features its Mobility Program which contains the Visiting Fac-
ulty and Researchers and the Visiting Students programs. The Visiting
Faculty and Researchers program is directed toward Post-Doctoral
researchers and encourages the integration of faculty from Por-
tuguese universities into international knowledge networks. The
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Visiting Students program offers master’s students the opportunity
to participate in a research project at CMU.

2.2 Knowledge Creation

With this initiative, CMU Portugal program intends to launch Small
Seed Funding Research projects to create Small-Scale Research collab-
orations. This includes the Entrepreneurial Research Initiatives (ERIs)
and Exploratory Research Projects (ERPs), as well as the involvement
in Large-Scale Collaborative Research projects. The ERIs program
consists of science, engineering, management, and policy projects
that merge research, innovation, and advanced training initiatives
in collaboration with several companies. To manage and monitor
these projects, there is a group of researchers from two Portuguese
universities, one from CMU, and at least one corporate partner.
Regarding the ERPs projects, these aim to foster new initiatives and
promote information and communication technologies projects and
integrative research in strategic emerging areas.

3 RELATED WORK

To facilitate the exploration and evaluation of academic research,
there are data repositories that store scholarly output and biblio-
metric data. These repositories provide researchers with a platform
to showcase their work. Within these repositories, users are often
assigned unique profiles that aggregate their publications, cita-
tion counts, h-indexes, and other bibliometric indicators, where
researchers can gain insights into their research outputs [15].

3.1 Scientific and Academic Research Data
Repositories:

The article entitled The use of bibliometrics to measure research
performance in education sciences [4] article investigates the per-
formance and impact of educational research professors through
the use of bibliometric data from Google Scholar and WoS plat-
forms while doing a comparison between the two. This study [4]
concludes that the bibliometric data from Google Scholar and WoS
does reflect a correct impact evaluation of scholars with good re-
search performance. Another conclusion is that there is a good
balance trade-off between output quantity and outcome quality,
which translates to, respectively, the number of publications and
citation counts.

3.1.1 Google Scholar: Google Scholar is a data repository di-
rected towards scientific and academic output. This platform makes
searching for relevant work across several fields of scientific re-
search and literature a simpler process. It features a search engine
for peer-reviewed journal articles, theses, conference papers, books,
and book chapters, and its search results include an ordered list
of the publication’s titles, authors, year, source information, redi-
recting links to full-text documents, citation count, a list of citing
documents, and hyperlinks to these documents [16]. This platform
features a PageRank algorithm to sort the included publications
[16]. This algorithm is explained in more detail in Section 3.3.2.

3.1.2 Web of Science and Scopus: Web of Science (WoS) and
Scopus are scientific journal search and indexing databases. In par-
ticular, WoS is considered to be the "world’s most trusted publisher-
independent global citation database" [1]. Both these platforms



Automating Bibliometric Analysis of CMU Portugal: Uncovering Research Impact and Collaborative Networks

feature journals and articles that are classified by field of research,
country, and language [10].

3.2 Research Output Impact Assessment:

The conducted study in the Ranking by relevance and citation counts,
a comparative study: Google Scholar, Microsoft Academic, WoS, and
Scopus [14] article performs a comparison analysis between Google
Scholar, Microsoft Academic, WoS and Scopus while asking how the
methods and ranking algorithms featured in these data repositories
"increase the visibility of, and the number of visits to, a web page
through its ranking on the search engine results pages" [14].

The conclusion of this document [14] states that both Google
Scholar and Microsoft Academic rely mostly upon their citations
count ranking algorithms. On the other hand, the Scopus search
engine does not take into consideration the publication’s citation
count in its ranking process.

Lastly, the WoS platform performed two different ranking algo-
rithms on two different data collections: In the first data collection,
the number of citations was not considered in the ranking system.
Instead, it only considered the position and frequency of keywords,
in the second data collection, oddly, the ranking algorithm was
almost entirely based on citation count.

3.3 Tracking Scholarly Output through Google
Scholar:

3.3.1 Using Google Scholar to Track the Scholarly Output
of Research Groups. In the Using Google Scholar to track the
scholarly output of research groups publication [15], is performed
a study on how to demonstrate the scholarly output of a research
program over time. This study was conducted by creating Google
Scholar profiles for five different research groups and analyzing how
the automatically generated scholarly output and citation counts
of individual researchers reflect the influence and impact of each
research group.

The Researcher’s profile page from Google Scholar "provides a
method to demonstrate the impact of a research program over time
both within and beyond institutions" [15] since the Google Scholar
platform tracks automatically the citation counts and the scholarly
output of individual researchers. According to the Using Google
Scholar to estimate the impact of journal articles in education docu-
ment [16], this profile makes it possible to rank authors according
to their citations count and the h-index in which the first h articles
from the Author’s documents list, sorted according to citations
number, all have at least h citations and the remaining articles all
have less than h citations.

Researchers can thus have a perspective on how they can boost
the visibility and ranking of their academic information retrieval
system profiles. "Greater visibility is implicit in a greater probability
of their work being read and cited and, thereby, of boosting authors’
chances to improve their h-index" [14].

By the end of this article [15], it is concluded that Google Scholar
provides an efficient and scalable approach to tracking the scholarly
output of each research group.

3.3.2 Google Scholar Evaluation of Journal Articles Impact
in Education. The Using Google Scholar to estimate the impact of
Jjournal articles in education: document [16] discusses how Google

Scholar can be used as a viable alternative to the WoS and Scopus
platforms to evaluate the impact and influence of research output in
science education by evaluating the importance of each document
Web page through Google Scholar’s PageRank algorithm.

The PageRank algorithm attributes a PageRank score to an article.
This algorithm relies heavily, but not entirely, on the citation count
of each publication [14], "a Web page is considered important if it
is linked to by many web pages that are also considered important
and if it has few ongoing links to web pages that are not considered
important" [16]. The algorithm takes into account both the number
of publications that have mentioned a particular work as well as
the number of publications that have cited it. Publications that are
strongly mentioned by many other publications will have a higher
PageRank score than publications that are cited by fewer or less
significant publications.

The importance of a scientific article is thus assessed by its num-
ber of citations and if the articles that have been cited are also
classified as important. The articles are later sorted in the research
results according to its PageRank. The PageRank of an article is
calculated as the sum of its shares of the PageRanks of all the ar-
ticles that are linked to it. This means that if a document Y cites
three other documents and one of these documents is document
X, document Y contributes one-third of its PageRank score to the
PageRank score of document X [16].

Since the Google Scholar’s performance evaluations do not in-
volve an excessive number of citations, the PageRank algorithm
provides an accurate impact assessment of the scientific contribu-
tion of each publication.

The Using Google Scholar to estimate the impact of journal articles
in education document [16] ends its statement by affirming that
"Google Scholar does a satisfactory job assessing the impact of
research output” since it can identify the most influential documents
in each sub-field of research. Also, the rate at which Google Scholar’s
citations grew was relatively low in each sub-field of research,
meaning that the Google Scholar performance evaluations do not
involve an excessive number of citations and that the citations from
Google Scholar provide a reliable measure of impact across sub-
fields. Finally, the great majority of citations from Google Scholar
were from peer-reviewed documents.

4 IMPLEMENTATION

In this solution, we extracted the Google Scholar’s available bib-
liometric data, regarding its researchers and publications. Our ap-
proach was to go through Ph.D.. and affiliated students of the CMU
Portugal program. This means that our current solution does not
include authors and researchers that are not Ph.D.. or affiliated
students. This way, we can guarantee that the majority of the pub-
lications of these students, published during their time at CMU
Portugal, are within the scope of the program. After we gathered all
the needed data, we developed a platform as a dashboard in order
to cross-reference and visualize the extracted information.
Google Scholar was chosen for the following reasons:

o A big majority of the CMU Portugal’s publications are con-
ference papers [2], therefore, these have a significant rele-
vance when it comes to studying the impact caused by the
program through its scientific output.



e The WoS and Scopus platforms, despite being considered
more trustworthy, are more strict with their data and only
feature articles and journal publications in their data repos-
itories. This results in these databases having a small num-
ber of publications and excluding other forms of research
outputs, such as conference papers [16].

o Google Scholar features a broader scientific database of re-
search outputs than WoS and Scopus and does not only
consider articles and journals but also gives relevance to
conference papers, peer-reviewed documents, theses, books,
and book chapters [16].

e The previously referred studies demonstrated that Google
Scholar’s citation count-based algorithm and researcher’s
profile are acceptable and accurate tools for assessing an
article’s and author’s scientific contribution and importance
[16] [15].

4.1 Requirements’ Analysis

In order to evaluate and quantify the impact caused by the CMU
Portugal program, we will need to analyze the following data:

4.1.1 Authors:

(1) Affiliations: The author’s affiliation during its participa-
tion at CMU Portugal. This information is required to iden-
tify international collaboration between institutions and
countries.

(2) Research Area: We will need to register each author’s
research areas in order to identify in which areas is CMU
Portugal involved.

(3) Citations Count: The citation count number of each au-
thor is the most important value to analyze regarding each
researcher. With this value, we are not only able to calculate
the number of citations the author has but also to determine
the h-index, i10-indexes and track this value throughout the
years, and assess in which years the author peaked and had
more influence. These will serve as quantitative metrics
regarding the impact caused by the program. Authors with
more citations and higher indexes tend to have more effect
and impact in their research and field, as well as increasing
the CMU Portugal’s impact over these projects.

(4) Number of Publications: The number of publications by
an author can serve as a quantitative metric to evaluate
academic impact because it reflects the productivity and
contribution of the author to their field of research. The
more publications an author has, the more active they have
been in their research and the more they have shared their
findings with the academic community.

(5) CMU and PT Advisors: Each Ph.D. or affiliated student has
a CMU and a PT advisor. Having the names of a PT advisor
(from a Portuguese institution) and a CMU advisor (from
Carnegie Mellon University) can be beneficial when it comes
to identifying publications resulting from international col-
laborations. This is because both advisors represent their
respective institutions. If they are both listed as authors in
a publication, this means that there was an international
collaboration on that publication.
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(6) International Collaborations Count: As it was previ-
ously stated, international collaboration is found by identi-
fying a CMU advisor and a PT advisor as authors in a pub-
lication. Counting how many international collaborations
an author has serves as a quantitative metric to calculate
the author’s international impact.

Student Collaborations Count: This information is simi-
lar to the last metric, but we instead verify if a publication
has more than one student as an author. The number of
student collaborations can also be a quantitative way to
determine the author’s impact.

Start and End Research Year: Each author has a year in
which they started their research in CMU Portugal and a
year in which they stopped. We need to determine which
author’s publications are part of the CMU Portugal program
and by having this information, we can identify for each
author the time period in which all their publications were
published during the time they were at CMU Portugal. Thus,
we can consider that a publication is part of CMU Portugal if
its publication year is between the author’s start of research
year and the end of research year, plus one year as a margin.
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4.1.2 Publications:

(1) Authors: We require the list of authors to identify inter-
national collaboration between researchers and which stu-
dents are listed as authors.

(2) Afhliations: Each author’s affiliation will be inherited by
the author’s publications.

(3) Research Area: Each author’s research area will be inher-
ited by the author’s publications.

(4) Citations Count: Once again, the citation count number
of each publication is the most important value to analyze
and will serve as a quantitative metric regarding the impact
caused by the program.

(5) Publication’s Type: Each publication can be either a "Jour-
nal" ("article"), "Conference Papers" ("in proceedings"), Ph.D.
"Thesis" and "Dissertations”, "Academic Books" ("incollec-
tion"), "Pre-prints", "Abstracts", "Technical Reports", and other
scholarly literature.

4.1.3 Platform: With the information and gathered data listed
above, our goal is to implement a platform that makes it possi-
ble to create a frontage for a CMU Portugal’s "profile" that lists
authors/researchers, publications, and citation counts related to
the CMU Portugal’s scientific research output and tracks its influ-
ence. This way, we will be able to visualize and quantify the impact
caused by CMU Portugal by crossing the data and information of
interest above, this will be explained in more detail further.

4.2 Available Information
4.2.1 Current Excel Data Organization: Currently at CMU Por-
tugal, the list of authors with a Google Scholar profile page is being
saved in a Excel file. This file is called "CMU_PortugalStudents.xlsx"
and currently has 91 entries and contains the following information:
(1) Name: The author’s name
(2) CMU and PT Advisors: The names of the student’s CMU
and PT advisors with both previous and current advisors.
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(3) Start and End Research Year: Each author’s beginning
and ending year while doing research for CMU Portugal
(4) Graduation Year: The author’s year of graduation.
(5) Status: The author’s status indicates if the author is either
a current student, an alumni, or a withdrawn student.
(6) Type: The type of student indicates if the author is part of
the Dual Degree Ph.D. program or an affiliated student.
(7) Research Area: The author’s area of research, with both
the area’s name and acronym.
(8) Google Scholar Link: The author’s Google Scholar profile
page link.
This Excel file only contains the profile links to authors that are
either Ph.D. students or affiliated students. This file served as our
starting point to extract data from Google Scholar.

4.2.2 Google Scholar’s Data: By entering each of the Google
Scholar profile links on the Excel file, we are then able to access each
of the authors’ profile pages. From each profile, we have access to
the author’s current affiliation and list of publications. From this list
of publications, we can extract both the year when the publication
was published and a hyperlink that redirects the user to a page with
more details about the document.

The hyperlink allows us to access additional information about
the work, such as citation counts, that can be used to evaluate
its impact. From this link we can extract the list of authors, the
publication’s DOI link (the hyperlink connected to the publication’s
title), the document’s PDF file, and the number of citations per year.
It is also possible to identify in some publications what type they
are. Directly through Google Scholar we can identify three types of
publications:

(1) Conference Papers: This type of publication can also be
called "inproceedings".

(2) Journal: This type of publication can also be translated as
"article".

(3) Book: We can also call this type of publication "incollec-
tions"

We can only identify three types of publications because we
extract this information from the publication’s profile page, specifi-
cally looking for fields labeled as "Conference”, "Journal”, or "Book".
In some cases, this field is labeled as "Source” and it does not provide
explicit information about the publication type.

4.3 System Architecture

Our system architecture is designed with a modular approach, con-
sisting of four key modules: Data Scraping, Data Update, Data Cross-
ing, and the Final Platform. Each module plays a crucial role in
ensuring efficient data extraction from Google Scholar, data up-
dating, data processing, and data visualization, respectively. This
architecture can be analyzed in Figure 1.

e Data Scraping: The Data Scraping serves as the foundation,
responsible for extracting relevant information from Google
Scholar.

e Data Update: The Data Update module plays a crucial role
in ensuring that our data is up-to-date.

e Data Crossing: This module receives information about
authors and their publications. This data is used to extract

valuable insights by crossing and evaluating various data
points and fields.

o Final Platform: The Final Platform is a user-friendly dash-
board to visualize the extracted data. The platform allows
for exploring authors’ profiles, publications’ information, ci-
tation analysis, and more. providing a view of the academic
impact caused by CMU Portugal.
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Figure 1: Information Gathering Architecture

4.4 Methodology

This implementation uses the Python3 programming language [17]
with the scholarly, and scrapy libraries/APIs to extract data from
Google Scholar.

The final platform was implemented by using HTMLS5, CSS,
JavaScript with the D3 library to generate charts in order to vi-
sualize and cross-reference the extracted data from the previous
step.

4.4.1 Data Scraping: This module contains two Python code files:
linkspider.py and barspider.py. Each one of these code files (spiders)
is an agent that can "crawl" along an HTML page and extract the
necessary information [3].

4.4.1.A linkspider: This spider is the first step in extracting
valuable information from Google Scholar. It receives the Excel
file described in Section 4.2.1 as input. Each entry in the Excel file
includes a hyperlink that directs us to the respective author’s Google
Scholar profile page. This profile contains a list of publications in
which the author has participated. The linkspider accesses each
of the authors’ hyperlinks and extracts the information of interest
from the Google Scholar profile.

In order to identify which publications are under the scope of
CMU Portugal, we only considered publications published under
the author’s Start Research year and the End Research year, plus one
year as a margin.

From the author’s profile page, we extract for each publication
the title of the document, the publication year, and the hyperlink to
the publication’s profile page with additional information. Regard-
ing the author, we extract from each profile the author’s current
affiliation and the author’s image. The extracted data is then moved
into a JSON called "links.json" where each entry represents a publi-
cation and its respective information.

The information on each publication is separated by fields:



o author: The publication’s author name.

o affiliation: The publication’s author’s current affiliation.

e start_research_year: The year when the publication’s stu-
dent started his research at CMU Portugal.

o end_research_year: The year when the publication’s au-
thor started his research at CMU Portugal.

o graduation_year: The year when the publication’s student
graduated at CMU Portugal.

e status: Either if a publication’s author is a current student
at CMU Portugal ("Student"), a former student ("Alumni"), or
a student that has not concluded the degree ("Withdraw").

e google_scholar_link: An hyperlink to the publication’s
author Google Scholar profile page.

e previous_cmu_advisor: The names of the publication’s
author previous CMU advisors.

e cmu_advisor: The names of the publication’s author and
current CMU advisors.

e previous_pt_advisor: The names of the publication’s au-
thor previous PT advisors.

e pt_advisor: The names of the publication’s author and
current PT advisors.

o type: If the publication’s author is either an Dual Degree
student or an Affiliated student.

e research_area: The publication’s author’s current field of
research.

o research_area_acronym: The publication’s author’s cur-
rent field of research acronym initials.

o title: The publication’s title.

o year: The year when the document was published.

e link: An hyperlink to the publication’s Google Scholar pro-
file page.

o image: The author’s Google Scholar profile picture.

The list of publications is "grouped" by their author in alphabeti-
cal order. In each author’s "group”, the publications are sorted in
descending order according to the year when they were published.
Since several students can both be authors in the same publication,
this file can have duplicate information about the same publication.

4.4.1.B barspider: This spider receives as input the "links.json"”
file generated by the previous spider. For each publication entry, the
barspider navigates to the publication’s Google Scholar page by ac-
cessing the hyperlink in the "link" field. From the document’s Google
Scholar page, the barspider proceeds to extract the document’s title,
type, list of authors, the number of citations, and their respective
years, the publication’s link to the PDF file and the document’s DOI
link.

After extracting this information, the spider generates as output
a file named "barsTemp.json" (Figure 2). This file shares a similar
structure to the "links.json" data file, and each entry represents a
publication.

The additional highlighted fields represent the following:

o authors: The list of authors that have participated in the
document.

o bars: The citation values of the publication.

e years: The years when each citation’s number value oc-
curred.
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e pub_type: The type of the publication (described in Section
4.2.2).

e pub_link: The document’s link to the PDF file.

o pub_DOI: The hyperlink to the publication’s DOI page.

University",

holar . google. com/citations 6I5FOrkAAAAI&h1=en&oi=ao",

Enabling visual interpretability by protecting privacy”

io, Matt Fredrikson, Asim Smailagic, Jaime S Ca

Figure 2: "barsTemp.json" Publication Entry

Regarding the "bars" and "years" fields, by aligning the elements
at the same position, we established a direct relationship between
the year and its corresponding number of citations.

4.4.2 Data Update: The "Data Update" module takes charge of
maintaining our data complete, accurate, and up-to-date. It receives
the "barsTemp.json" file as input. The update process for this file
consists of three distinct stages:

e Add Missing Publications: It identifies any missing pub-
lications by comparing the data in "barsTemp.json" with the
last updated file named "bars.json". This comparison allows
us to identify old publications that need to be included in
our "barsTemp.json". This can happen when authors delete
their Google Scholar profile page before the last data update.

o Filter Deleted Publications: Checks if any publications
listed in "barsTemp.json" were previously deleted by the user.
This is accomplished by cross-referencing the data with the
information stored in "deletedPublications.json." By doing
so, we ensure that no deleted publications inadvertently
remain in our dataset.

e Fill Missing Publication Types: Addresses any missing
publication types in "barsTemp.json." This can happen be-
cause we are only able to identify three types of publications
directly from Google Scholar. It compares the available types
in "bars.json" and identifies any gaps. To fill in these missing
types, the module utilizes the scholarly library, leveraging
its resources to obtain the correct publication types for each
entry.

The "bars.json" is the last updated file, and it serves as a data
backup for previously added information. After going through the
three stages above and the "barsTemp.json" file being updated, this
file becomes the "bars.json" file. After this, there is an additional
step that reorganizes the structure of the "bars.json" file. This step
organizes the list of publications by author, allowing for easy access
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and retrieval of information further on. At the end of this step, the
information is moved into a file called "authorsInfoList.json".

4.4.2.A Structure Data: This step is used to reorganize "bars.json".

Within each author’s group, the publications are sorted in descend-
ing order according to their publication year. This structure remains
the same, but the fields are reorganized and a field called "publica-
tions" is added per author. This field contains the list of publications
for each author.

Given this, the information in "bars.json" is moved to a file named
"authorsListInfo.json". Each entry in this file now represents an
author, and each author contains fields about the student and a list
of its publications. In each publication, there is also data about the
document.

4.4.3 Data Crossing: This module has the objective of generating
the final output file that serves as the data source for our platform,
namely "authorsData.js". This module takes the "authorInfoList.json"
file as input. By leveraging this data, we initiate a series of data cross-
referencing operations to extract valuable insights and generate
new information for visualization purposes on the final platform.

The Data Crossing module is structured into several sequential
steps. Firstly, we cross-reference the information about the authors.
Next, we proceed to cross-reference the publications’ data.

Lastly, we employ the collective information from all authors and
publications to generate a "profile" that represents CMU Portugal
as a whole.

4.4.3.A Calculate Metrics through the Number of Citations:
During our data extraction process from Google Scholar, we encoun-
tered a notable issue pertaining to the recorded citations for certain
publications. It came to our attention that some publications exhib-
ited citations that preceded their actual publication date. Naturally,
this was an impossible scenario, as citations cannot occur prior to a
publication’s existence. To address this anomaly, we implemented
a filtering mechanism to discard any citations that occurred before
the year of publication.

Once this problem was removed, we were able to calculate the
following data:

e Total Number of Citations: By going through all the au-
thor’s publications and their citations over the years, we
calculated the total number of citations by adding each ci-
tation number to the respective year of each publication
and then repeating this process for all the author’s publica-
tions while adding the value in each publication. The final
calculated value for each author is the sum of all citations
in their publications.

o Total Number of Citations (Last Five Years): This value
was calculated by using the same method described in the
previous point, but when we were adding the citations of
each year, we only considered the citations of the last 5
years.

o Number of Citations Per Year: Once again, we calculate
this value with the same method as when calculating the
total number of citations, but in the end instead of adding
the publications’ number of citations for every year, we
saved each citation’s number with their respective year.

o h-index: The h-index represents the number of an author’s
articles (h) that have garnered a minimum of h citations
[6].

o h-index (Last 5 Years): The h-index but of publications
that were published in the last 5 years.

e i10-index: This index has the same formula as the h-index,
but h stands has the value 10. This means that we calcu-
late the minimum number of publications with at least 10
citations.

e il0-index (Last 5 Years): The same as i10-index but only
considering publications that were published in the last 5
years.

4.4.3.B Calculate the Number of Publications: The calcula-
tion of the number of publications serves as a valuable metric to
quantify an author’s productivity. By determining the total num-
ber of publications they have produced, we gain insight into the
author’s research output and the extent of their contributions to
academic research. This was calculated from the collected sum of
each author’s publications.

We can further analyze this data by distributing the number of
publications over the years in which they were published. Another
analysis was conducted to count the number of publications per
type and the number of publications per research area for each
author.

4.4.3.C Calculate the Number of International Collabora-
tions: In our analysis, we thoroughly examine the publication list
of each author to identify instances of international collaboration.
To determine whether a publication can be considered an interna-
tional collaboration, we specifically look for the participation of
both the author’s CMU advisor and PT advisor as co-authors.

Given this, we calculate the number of international collabo-
rations by adding the sum of the author’s publications that are
identified as having an international collaboration. Also, by group-
ing each international publication with its publication year, we can
perform an analysis of the number of international publications
per year for each author.

4.4.3.D Calculate the Number of Collaborations Between Stu-
dents: In addition to evaluating collaborations between advisors
and students, we also considered the collaborations between stu-
dents themselves. By analyzing the authorship of publications, we
identified instances where multiple students from CMU Portugal
were listed as authors of the same publication. Additionally, if we
group publications that involve collaborations between at least two
students according to their publication year, we can analyze the
number of student collaboration publications per year for each
author.

4.4.3.E Create a CMU Portugal "Profile": With an analysis of
the crossed information from the previous points, we can now
treat CMU Portugal as an authoring entity and calculate various
metrics that were previously calculated for individual authors in
the same manner. By considering all the authors associated with
CMU Portugal and their respective publications, we can aggregate
the data and evaluate the collective impact of CMU Portugal as a
whole.



4.4.3.F Structure Final Data: After conducting a thorough anal-
ysis and cross-referencing all the relevant information as described
earlier, we saved the resulting data into a file named "authorsData.js,'
which serves as a data source for our implemented platform.

Within the "authorsData.js" file, we organized the collected in-
formation under the "CMUPortugal” field. This field serves as a
container for all the analyzed data pertaining to the CMU Portugal
"profile". Additionally, we included a nested field named "authors",
which encompasses the comprehensive list of students affiliated
with CMU Portugal. Each individual author within this field contains
their respective information and list of publications.

Within the "CMUPortugal"” field, we also included a specific field
called "publications.” This field serves as a list of all the publications
associated with CMU Portugal. The data contained in "authors-
Data.js" is also duplicated into an Excel file called "authorsDataEx-
cel.xIsx" in order to better visualize the data before the final platform
was complete.

4.4.4 Final Platform: Once the "authorsData.js" file was com-
plete and contained all the relevant information, we proceeded
to implement our platform. In our methodology, we used HTML5,
CSS, and JavaScript, along with the D3 library, to develop the final
platform. The D3 library was used to create the generated charts.

The platform was designed with three functionalities: the "Global
Dashboard", "Authors", and "Publications". In each of these modules
and on every page, it is also always possible to download the visu-
alized content into an Excel file. The downloaded file is a copy of
the "authorsDataExcel.xIsx" file.

4.4.5.A Global Dashboard: The "Global Dashboard" serves as
the main hub for information regarding CMU Portugal as a whole. It
provides an overview of key metrics and insights derived from the
collective data of all authors and publications associated with CMU
Portugal. The "Global Dashboard" offers a view of the program’s
progress over time, presenting data in the form of charts, tables,
and other visual representations (Figure 3 and 4).
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Figure 3: Global Dashboard’s Quantitative Metrics

4.4.5.B Authors: The "Authors" section of the platform allows
users to delve into individual author profiles.

o Authors List: In this functionality, the initial page presents
a list of authors associated with CMU Portugal. This list
provides an overview of all the students. Each student is
represented by a card containing the author’s picture and

partial information.
o Author’s Profile: By clicking on an author entry in the
list of authors, users gain access to the author’s profile.
This profile presents the information in a similar format
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Figure 4: Global Dashboard’s Charts

to the "Global Dashboard" regarding quantitative metrics
and visual charts with individual information regarding the
author. In addition to this information, the author’s profile
includes a dedicated "card" section that showcases personal
information relevant to CMU Portugal.

Furthermore, the profile features a table that presents a list of the
author’s publications. Each entry in the table is clickable, leading
to the publication’s profile page. Additionally, the author’s profile
includes a table that lists other students who have collaborated
with the author.

4.4.5.C Publications: The "Publications” functionality focuses
on providing detailed information about each publication associated
with CMU Portugal.

e Publications List: The "Publications” functionality presents
users with an initial page featuring a table that includes a
list of all publications associated with CMU Portugal.

e Publication’s Profile: By clicking on an entry in the ta-
ble, users can access the publication’s profile. Similar to
the authors’ profiles, the publication’s profile includes an
information "card" that contains specific details about the
publication sourced from Google Scholar. This profile also
presents quantitative information and a table listing the
students who contributed to the publication.

5 EVALUATION

For our evaluation process, we adopted the evaluation method
outlined in the "The Development of Heuristics for Evaluation of
Dashboard Visualizations" article [5].

The evaluation process consisted of three stages. First, we cre-
ated a questionnaire to collect demographic data from the users
participating in the evaluation. Next, the users were guided through
a series of pre-defined tasks that aimed to familiarize them with
the platform’s functionalities and features.

Finally, we asked users to answer a usability questionnaire incor-
porating a heuristic checklist to evaluate their satisfaction level with
the platform and identify any areas that required improvement.

5.1 User Characterization

During this stage, we provided 19 participants with a questionnaire
to collect demographic data. Our target users for the evaluation
of the platform were individuals who had previous experience
searching for academic literature and using search engines for
academic content, such as Google Scholar.
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5.2 Platform Validation

During the evaluation process, we provided each participant with
a user guide that outlined three specific tasks to be performed on
the final platform. Each task was timed, and our objective was to
ensure that, on average, users could complete all three tasks within
a time frame of 10 minutes [11].

Once the participants completed the tasks, we asked them to an-
swer a usability questionnaire. For each heuristic, participants were
asked to rate their agreement on a scale of 1 to 5, with 1 indicating
total disagreement and 5 indicating total agreement, regarding how
well the dashboard adhered to each heuristic’s description. The list
of heuristics is presented below:

(1) Visibility of System Status: The system should always
inform the user of what is happening.

(2) Match between System and the Real World: Instead of
using system-oriented jargon, the system should employ
words, phrases, and concepts that are known to the user.

(3) User Control and Freedom: Users should decide for them-
selves how much it will cost to stop doing something or
exit an undesirable state.

(4) Consistency and Standards: Users shouldn’t have to ques-
tion whether various terms, circumstances, or behaviors
mean the same thing.

(5) Recognition rather than Recall: Make options, actions,
and objects obvious.

(6) Flexibility and Efficiency of Use: When it comes to choos-
ing how to discover content, the system should give users
many possibilities.

(7) Aesthetic and Minimalist Design: Information that is un-
necessary or rarely used shouldn’t be included in dialogues.

(8) Spatial Organization: Relates to how a visual representa-

tion is organized overall.

Information Coding: The use symbols or representations

to facilitate perception.

(10) Orientation: Providing assistance to the user and guiding

them in the visualization.

—
O
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We then sought to gather more specific feedback by asking if they
encountered any usability issues or problems with the dashboard.
If the response was affirmative, participants were then prompted
to rate the severity of the identified issue on a scale of 1 to 4. This
severity scale is explained in more detail below [9]:

e 1 - Aesthetic Problem: Does not need to be corrected.

e 2 - Minor Usability Issue: Can be corrected, but it is not
urgent to do so.

e 3 - Major Usability Issue: It is important to correct the
issue.

e 4 - Usability Catastrophe: It is imperative to correct the
issue.

5.3 Tasks Execution

As previously mentioned, we recorded the time taken by each user
to complete each task. By capturing this data. The recorded times
allowed us to calculate the average time spent by users on each
task and overall.

5.4 Usability Questionnaire

To analyze the results, we calculated the average rating for each
heuristic across all users. We also computed the average rating
percentage for each heuristic by dividing the average rating by the
maximum score of 5.

Regarding usability issues, 74% of users have found problems
with our dashboard and suggested the following improvements:

e Back Button: Currently, the platform uses the browser’s
back button to return to previous pages. Six participants
have suggested adding a back button for greater flexibility.
On average, this issue received a rating of 2.

o Breadcrumbs: Two users specifically suggested the imple-
mentation of breadcrumbs. Breadcrumbs provide a visual
representation of the user’s location within the platform’s
hierarchy. On average, this issue received a rating of 2.

o Lateral Index Navigation: Eight participants suggested
the addition of a navigation index in the lateral navigation
bar. This issue arose when certain pages within the platform
displayed content that exceeded the visible area, resulting
in users not being able to fully explore all the features
available. On average, this issue was rated with a severity
classification of 2 (2.1).

o Clickable Elements: Participants have highlighted this
issue because, when interacting with tables, users had diffi-
culty noticing that each entry was a clickable element. This
would happen with other clickable elements that were not
highlighted as such. This issue received a rating of 2 based
on 5 answers.

o Table Filters: Currently, on our platform, we can only sort
the displayed tables by one filter at a time. Three partici-
pants suggested that the tables could support more than
one filter at a time to facilitate navigation through the table.
This problem received an average score of 3 (2.7).

5.5 Results Discussion
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Figure 5: Heuristic Evaluation Results

Based on the evaluation results, we can conclude that the execu-
tion of tasks on our platform was generally acceptable. The average
time taken by users to explore the entire dashboard was within a
reasonable timeframe (10 minutes and 8 seconds).



Regarding the usability questionnaire results and Figure 5, our
main issues were related to "Orientation”, "User Control and Free-
dom", "Flexibility and Efficiency of Use", "Visibility of System Status"
and "Spatial Organization". In terms of "Orientation”, users have
identified the issue of "Breadcrumbs” and "Lateral Index Naviga-
tion". When it comes to "User Control and Freedom", participants
highlighted the issue related to the "Back Button". In "Flexibility and
Efficiency of Use", users identified the "Back Button", the "Lateral
Index Navigation", the "Clickable Elements" and "Table Filters". The
issues related to "Visibility of System Status" are "Breadcrumbs" and
"Lateral Index Navigation". Finally, regarding "Spatial Organization"
participants highlighted the "Lateral Index Navigation" issue.

Also, the majority of the identified issues were rated as 2 on
the severity scale. This indicates that these issues do not require
immediate attention or correction.

6 CONCLUSION

6.1 Final Discussion

CMU Portugal is a partnership between CMU and several institu-
tions in Portugal. This collaborative initiative aims to foster re-
search, innovation, and education in key areas of technology and
engineering,.

To evaluate the impact of an international collaboration, such
as CMU Portugal, and the online identification of its researchers,
it is necessary to define metrics and criteria to assess this impact.
With this in mind, the use and evaluation of bibliometric data and
research output emerge as a possible solution.

In our approach, we extracted information and data of Ph.D. and
affiliated authors/researchers, as well as publications that are both
part of the CMU Portugal program and accessible through Google
Scholar. We used this gathered data to develop a platform that works
as an information dashboard that reflects CMU Portugal’s influence
over scientific contribution. By extracting this information, we have
automated the process of extracting bibliometric data, enabling us
to evaluate the impact caused by CMU Portugal.

After the platform was developed and operational, we evaluated
the dashboard by conducting a User Research with 19 users that
were familiarized with academic output, bibliometric data, and data
repositories for scientific documents. The results of this research
indicate that the platform has achieved its objective of providing
an interface for exploring the research output and impact of CMU
Portugal.

6.2 Current Limitations

6.2.1 Author’s Exclusion: Our current approach targets Ph.D.
and affiliated students who have a Google Scholar profile page.
This means that we currently do not capture the full spectrum of
academic collaboration and impact within CMU Portugal.

6.2.2 Publications Outside the Scope of CMU Portugal: We
have used a specific timeframe for including publications in our
analysis. However, there is the possibility of including publications
that are not directly related to CMU Portugal. This can occur because,
during the one-year margin, the student is no longer officially
affiliated with CMU Portugal. As a result, some publications within
that period might not necessarily represent the research conducted
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under the scope of CMU Portugal. Additionally, there is also the
possibility of excluding relevant publications that were published
after the one-year margin but are still within the scope of CMU
Portugall.
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