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ABSTRACT

Currently, there is a big concern of governments and research
institutes on evaluating the population awareness about scientific
innovations, such as new food-production technologies and the
development of drugs. Unmet demand is to find new methods to
measure the impact of scientific research and its social outreach.
This work presents an Altmetrics-based framework to map the
research impacts using alternative metrics based on the exchange of
scientific knowledge on social media and online environments. This
master thesis contributed to the ZIKAlliance consortium, enabling
an online platform to monitor the scientific evolution and its social
perception on the Zika epidemic.
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1 INTRODUCTION

This article presents a summary of results obtained in the thesis
defended in the Graduate Program in Informatics on 05/31/2019.
The work was developed by Luis Fernando Monsores Passos Maia,
in a period of 18 months, under the supervision of Jonice Oliveira.

The measurement of technological advances and scientific im-
pact is an issue that follows researchers since Science was insti-
tutionalized. Usually, the scientific impact is measured by metrics
such as the number of citations and h-index. These metrics estimate
researchers’ reputation and productivity based on the impact of
their publications [4]. However, these metrics have been criticized
in several aspects. Some people claim that those ignore the more
subtle and informal elements of academic influence, such as the
engagement with the scientific community, leading of research
groups, and result dissemination beyond the academic milieu [27].
Moreover, the demand for faster results dissemination and knowl-
edge exchange has led researchers to use social media to publish
their achievements [10, 23, 25].

Consequently, alternative metrics - called as Altmetrics- based
on social media have been used to get a bigger influence and con-
textualize scientific works [28, 29]. The alternative metrics tries
to map the correlation between researchers and society. This re-
lationship has been strengthened by the exchange of experiences,
opinions, ratings, and content publishing in social media and online
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sources (e.g., online news, blogs, discussion forums, and Online
Social Networks (OSN)) [5].

Due to this scenario, we created a computational framework -
called REALM (Researcher Evaluation ALternative Metrics) - to
identify the scientific and social reputation of researchers and their
work, using alternative metrics. The main goal of this framework
is to answer: “who are the most influential scientists on the ACA-
DEMIC perspective?” and “who are the most influential scientists
on the SOCIAL perspective?” Based on the REALM, we developed
a web system, which was used in ZIKAlliance (international Zika
research consortium) [35] and Oswaldo Cruz Foundation (Fiocruz)
to analyze the impact of research related to the Zika epidemic.

2 METHODOLOGY

This thesis followed the activities: 1. Systematic Literature Review;
2. Creation of a framework to data collection and integration; 3.
Creation of a method to measure a researcher’s academic reputa-
tion, based on metrics of social network analysis; 4. Creation of
a mechanism to measure a researcher’s social reputation, based
on alternative metrics; 5. Creation of a ranking mechanism for the
social relevance; 6. Development of the system; 7. Experiments in
the Zika scenario; and 8. Publications.

3 FRAMEWORK DESCRIPTION

The framework is divided in four modules, as shown in Figure 1. It
was implemented in PHP (native) with the library EasyRDF" version
0.9.0; Javascript (native) with the libraries Cytoscape.js® version
3.2.9, jQuery version 2.1.4, and Google Charts®, in the GeoChart
and BubbleChart types; HTML and framework CSS Bootstrap.

3.1 Academic data extraction and processing

This module is responsible for retrieving data from publications
in indexing databases (e.g., PubMed, Web of Science, Scopus, etc.)
to create Scientific Co-authorship Networks (SCN) [12, 13, 24, 26]
on a domain (e.g., Zika or Chikungunya). The module operates
extracting pieces of information from the publications such as title,
authors’ name, affiliations, date of publication, article id, and others.
Using this information, we identify the co-authorship networking.
This module executes the: (i) Association of two nodes (authors),
based on the title of a publication, characterizing an edge; (ii) Re-
moval of edges without associated nodes; (iii) Representation of the
social network described in item (i) using a matrix; (iv) Removal of
duplicate items; (v) Identification of edges weight, based on the co-
authorship frequency; (vi) Assignment of identifiers at each node

!http://www.easyrdf.org/
2http://js.cytoscape.org/
3https://developers.google.com/chart
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Figure 1: The framework REALM

and edge, enabling visualization of the co-authorship graph and
extraction of academic impact metrics.

3.2 Social data extraction and treatment

This module is responsible for the collection, preprocessing and
triplification of data from social media, such as online news, blogs,
discussion forums and OSN (e.g. Facebook, LinkedIn, Google+, etc.).
The data extraction is based on Webhose API#, which allows the
monitoring of social media in real-time. Data is unstructured. Then,
it is converted to a semi-structured format (JSON/XML), and the
metadata (such as URI, title, text, author, country, domain, date,
language, and shares on OSN) are extracted. The next step is the
data description using RDF triples [11, 22, 32], based on the RDF
data model available at <https://realm0.github.io/1>. Finally, the
triples are stored in the Apache Jena Fuseki triplestore®. The pro-
cedures described in 2.1 and 2.2 were executed using Knime tool®,
which optimized the preprocessing of the large volume of the text
contained in the XML, JSON, and CSV files [3].

3.3 Academic impact analysis

This module detects relevant clusters and individuals, using pro-
ductivity and academic impact metrics of the SCN (section 3.1)
in three levels: (i) Global - using the global graph, which allows

“https://webhose.io/
Shttps://jena.apache.org/documentation/fuseki2/index.html
Shttps://www.knime.com/
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comparing publications and collaboration among researchers from
different areas; (ii) Local - analyzing the subnets, which helps to
identify clusters and the relevance of researchers in a group; (iii)
Individual - maps the most influential researchers using the number
of publications of a researcher and his network centrality. For the
academic ranking, we use the centrality metrics Degree, Closeness,
and Betweenness [1, 9, 12, 33] for each researcher. Additionally, the
PageRank values of each researcher are calculated as indicative of
other important co-authorships [6, 7, 12].

3.4 Social impact analysis

This module is responsible for extracting social impact metrics,
based on SPARQL queries performed on the triples database (section
3.2), which allows the detection of important researchers/research
according to its visibility/reach. This module measures: (Query 1)
the reach of the researches in primary (online news) and secondary
(e.g., scientific blogs and forums) communication vehicles; (Query
2) its acceptance by the population, by its dissemination on OSN
such as Facebook and Google+; and (Query 3) its visibility at the
global level, identifying the country of origin of the publication.
The queries use as parameters the mentions to a researcher in pub-
lications, the mentions/shares on OSN, and mentions by country.

Afterward, an altmetric ranking is created, based on the mentions
and shares returned by the first two queries. Also, this module
generates a map that shows the geographical distribution of the
mentions based on the results of the third query.
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The results are saved in the triplestore, enabling the researchers’
categorization. Four impact categories are possible: (i) high aca-
demic impact and high social impact - outstanding researchers
in the scenario. They have a significant influence in their domain,
belonging to networks of scientific collaboration with strong geopo-
litical/institutional references and strong online presence. (ii) High
academic impact - researchers that connect and participate in well-
defined research nuclei, but with little online presence. (iii) High
social impact - researchers that do not have a well-defined collabo-
ration network, but often prefer other ways to share results, such
as fast-tracks, OSN (e.g. Facebook) and scientific blogs, making
their dissemination more practical and faster. Also, their works are
very mentioned by the public. (iv) Low academic impact and low
social impact - researchers of minor importance in the scenario and
irrelevant online presence. The researchers and their categories
are plotted in a graph, where the dimensions are “academic index”
(X-axis, normalization of the academic score) and “social index”
(Y-axis, normalization of the social score).

3.5 Data storage

The academic and social impact information are triplified, based
on the RDF data model available at <https://realmo0.github.io/2>,
and stored in the Apache Jena Fuseki triplestore. All information is
registered by sessions, enabling the analyses of temporal progress
in a domain or the comparison among different areas (e.g., how
scientists collaborated to drive the significant advances in Zika
research and how the population reacted to the findings).

4 EXPERIMENTS: NEGLECTED DISEASES

In the Zika scenario, the evaluation was three-fold. First, we con-
ducted a proof of concept involving researchers from Fiocruz and
the international consortium ZIKAlliance, as shown in [14, 19]. The
researchers wholeheartedly agreed with the presented rankings
(academic and social impact). The second evaluation consisted of
analyzing the usefulness and correctness of a system created from
REALM, using Technology Acceptance Model (TAM) [8]. The par-
ticipants indicated the success of the approach. In other words, they
found the system useful, easy to use and would rather prefer to use
it in future than other methods to find specialists [16]. The results
of the TAM evaluation can be found in <https://realm0.github.io/3>.
The third evaluation was a quasi-experiment, which examined the
quality and precision of the results (academic and social rankings)
generated by REALM using a Goal, Question, Metric (GQM) ap-
proach [2]. The results demonstrated a good performance of the
framework, which had values above 70% in the metrics of Similarity,
Accuracy, and Utility. According to the specialists, the results are
consistent and reflect very evident realities, among them: (i) The
mapping of the outbreak evolution in its most critical period. (ii) The
mapping of the interactions between researchers, population and
media. (iii) The impacts of the scientific output dissemination on
social media, allowing us to better understand how the population
sees and interprets the findings made by the scientists.
Nowadays, this approach has been used to analyze the triple
arbovirosis outbreak caused by the Aedes aegypti mosquito (Zika-
Dengue-Chikungunya) [14, 15, 17] and COVID-19, in Brazil and
worldwide. The web system is available at <http://www.realm.net.br>.
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We provided a brief description on how the system interface works.
The goal is to guarantee our studies replicability to other researchers.
For this purpose, we made the Zika and Chikungunya datasets
available at <https://goo.gl/vsBeK3>. We also made a video tutorial
explaining how the system interface works, using a smaller dataset
as example (Zika - crawled period: Oct - Dec 2016), which is avail-
able at <https://goo.gl/pVFJmP>. The video tutorial is available at
<https://youtu.be/NfcdG8o0PyE>.

5 CONCLUSION: RESEARCH APPLICABILITY
AND CONTRIBUTIONS

In this work, we presented the framework REALM, which provides
a set of metrics to assess the reputation of researchers as well as
mechanisms for measuring and visualizing the impacts of science
on specific research scenarios, in this case, on Zika domain. We can
highlight:

5.1 Scientific Contribution

The use of 3 perspectives (productivity, academic influence, and
social impact) in a single approach represents a step forward in
measuring the impacts of science. This master thesis brings contri-
butions to the areas: Altmetric, Scientometric, and Social Network
Analysis. This thesis is related to the challenge “Computational
modeling of complex systems: artificial, natural, socio-cultural, and
human-nature interactions”, defined by Brazilian Computer Soci-
ety [31]. This thesis also supports the priority areas defined by
the Ministry of Science, Technology, Innovations and Communi-
cations (MCTIC): “Production Technologies” and “Technologies
for Sustainable Development”. This thesis directly contributed to
the ZIKAlliance consortium and Fiocruz, enabling the wide analy-
sis of Zika epidemic, helping in the definition of communication
strategies to society and supporting the national recognition in the
international scenario. We have important publications (see section
5.3), a travel award in ACM International Conference on Web In-
telligence - WI’19 (because the student was the only Latin author
of full paper), and this thesis was financed by an international con-
sortium (ZIKAlliance), consolidating the Brazilian participation on
it.

5.2 Multidisciplinarity and social contribution

During the thesis, the author was involved in different areas from
Computer Science (computer-human interface, information visu-
alization, database systems, software experimentation, informa-
tion systems, and graphs), Public Health and Neglected Diseases.
Through this thesis, Maia et al. [17] identified how scientific in-
teractions on the Zika epidemic occurred (studying in-depth the
Zika SCN). This study was pioneer in this domain and an impor-
tant resource for understanding the evolution of Zika research.
The approach has been used to analyze other scenarios (Dengue,
Chikungunya, and COVID-19). It is important to emphasize that
this solution can be applied in any area or domain. REALM can aid
researchers, universities, and funding agencies to better visualize
and study different domains and compare the national reality with
abroad. All the data is open, using LOD principles, easily reused
and can support other researchers.
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5.3 Knowledge dissemination

The knowledge dissemination was made through publication in
journal [17]; important international venues such as the Web Con-
ference (ex-WWW) [16], the IEEE/WIC/ACM International Confer-
ence on Web Intelligence - WI [15], and the International Sympo-
sium on Zika Virus Research [20, 30]; and national events such as
WebMedia [14, 18], SBBD [19], and SBSI [21].

5.4 Future works

Future studies should include the implementation of new func-
tionalities on REALM and its application on new research do-
mains/scenarios such as Computer Science topics (e.g. Crowdsourc-
ing, Altmetrics and Social Network Analysis) other neglected dis-
eases (e.g., Dengue and Mayaro) and COVID-19. This research is
currently being applied in the study of the COVID-19 pandemic, in
partnership with Fiocruz and the Wellcome Trust Foundation [34].
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