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Expanding GeoCapes
usefulness for research

The majority of the science and technology research conducted in Brazil takes
place within a national system of research and graduate education (SNPG)
(SBPC and ABC, 2020b). This system has been designed as the object of public
policy from the 1950s, through a series of actions such as the launch of a na-
tional campaign to prepare highly qualified personnel (BRASIL, 1951) and then
through the Sucupira Report, a document that shaped the SNPG into a model
close to the one that exists today (CFE, 1965). Since its conception, an evalua-
tion system has been an integral part of the SNPG, with a periodic evaluation
of graduate programs in continuous operation since the 1970s (Brasil, 2020).

The original campaign in charge of training higher education personnel be-
came the Brazilian Agency for Support and Evaluation of Graduate Education
(CAPES), today a public foundation that has been in charge of evaluating the
SNPG for nearly five decades (Brasil, 2020). To perform the central assess-
ment of graduate education, CAPES has consistently implemented strategies to
collect data from graduate programs (PPG) and higher education institutions
(HEI). The first time the agency conducted its collection was in 1975, and data
from the first few years served as evidence for the first evaluation of graduate
programs in the country, which took place in 1978 (Siqueira, 2019).

The initially paper-based data collection was replaced in 1987, when CAPES
launched its first information system for that purpose: DataCapes. According

This chapter is under review as: Brasil, A. (2023). Expanding GeoCapes usefulness for research:
Introducing the GeoCapes R package.
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to R. J. Ribeiro (2008), from the collection of annual information on the per-
formance of all graduate programs in Brazil, DataCapes held one of the most
detailed databanks of higher education in the world, with available information
that caters to the evaluation needs of all fields of knowledge.

Over the next few years, CAPES’ information systems followed the technological
evolution, leading to three iterations of a new system designed to gather data
from graduate programs. The new “Coleta CAPES” was operational from 1996
to 2013, moving from an initial offline system to an online one, eventually
connecting to other databases such as the national Lattes curriculum. From
2013, the system was replaced by the more robust Sucupira Platform, which
has been the subject of several studies over the years, including Maciel et al.
(2019), Siqueira (2019), and Maia (2020).

Information systems designed to collect data from the SNPG have evolved
considerably over time, providing evaluation committees with unprecedented
information to assess the quality of research in Brazil. Despite that, for many
years, “Coleta CAPES” was considered a black box, as its data was made avail-
able mainly to the evaluation committees. Neither society nor graduate pro-
grams could access the information supporting the evaluations. That started
to change in July 2009, with the launch of CAPES’ Georeferenced Information
System (GeoCapes). This system was designed to bring the public a series of
datasets around graduate education, presented with various levels of aggre-
gation, and included a dashboard to explore the available information from
different perspectives (CAPES, 2009; Cardoso, 2015; Maia, 2020).

From its launch, GeoCapes has been valuable for the accountability of invested
resources and as a tool for interested users to understand and analyse Brazilian
graduate education. Today, the system remains relevant, including around
two decades of data on graduate programs, student body, faculty members,
international cooperation, research funding, and even institutional access to
scientific publications (from the Brazilian Portal of Journals). Nevertheless,
GeoCapes presents a series of limitations when users need to perform more
than fundamental analyses (Cardoso, 2015; Maia, 2020).

This paper introduces a GeoCapes R package developed to address some of the
limitations seen in the original system. These include the need for further data
standardisation and cleaning, the lack of tools for proper longitudinal analyses,
and the need to enrich datasets with information to broaden potential research.

Appendix A Expanding GeoCapes usefulness for research



Additionally, the presented R package also addresses the language barrier of
GeoCapes data, offering a curated translation of necessary content into English,
making the datasets ready for international research as well.

A.1 GeoCapes benefits and limitations

CAPES introduces its GeoCapes system as a georeferenced tool with informa-
tion on graduate education. Accessible at http://geocapes.capes.gov.br, the
interface offers geographical and analytic visualisations of data for select in-
dicators, including choropleth maps for a distribution perspective. Figure A.1
shows GeoCapes main page, displaying a map with the distribution of graduate
programs in 2020. On the right side, visualisations provide information by
broad area, course levels offered, and type of institution. Map selections filter
the information displayed on the rest of the dashboard (CAPES, 2021e).
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Figure A.1l.: Geographical view of the GeoCapes system, displaying the distribution of
graduate programs in Brazil in 2020

Figure A.2 shows GeoCapes analytical view, where the dashboard’s underlying
data is shown in a table format. For the selected dataset, three levels of aggrega-
tion are offered: state, evaluation area, and higher education institution (HEI).

A.1 GeoCapes benefits and limitations
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To explore the panel, users can choose different years and even download data
according to the desired level of aggregation.
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Figure A.2.: Analytical view of the GeoCapes system, displaying the distribution of
graduate programs in Brazil aggregated by evaluation area

In addition to the distribution of graduate programs, GeoCapes includes six
other datasets, all listed in Table A.1 alongside the respective data coverage and
aggregation levels present in the analytical view. The availability of such diverse
data sets contributes to the transparency of the Brazilian graduate system and
serves as an essential source of information for higher education institutions,
students, researchers, and policymakers.

Table A.1.: Datasets available in GeoCapes, including coverage period and available
aggregation levels

Datasets Coverage State Countries Broad Area Area HEI
Distribution of graduate programs 1998-2020 v v v
Distribution of faculty members 1998-2020 v v 4
Distribution of graduate students 1998-2020 v v v
CAPES scholarship holders in Brazil 1995-2020 v v v v
CAPES scholarship holders abroad 1998-2020 v v

CAPES investment in scholarships and funding 2002-2020 v

Access data to the Portal of Journals 2001-2020 v v

The levels of aggregation provided by GeoCapes reveal limitations that could
impact research interests. For instance, the Brazilian graduate system classifies
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its programs into 49 evaluation areas, grouped into nine broad areas and three
upper groups. As an example, “Economics” is one of the evaluation areas in the
broad area of “Applied Social Sciences”, which is part of the “Humanities” upper
group. GeoCapes lists evaluation areas for five datasets, but broad areas are
only available for domestic scholarship holders. Therefore, if a researcher hopes
to analyse graduate program growth in relation to scholarships granted in the
upper group of “Life Sciences”, GeoCapes’ interface is not enough. For that
study, it would be necessary to download the underlying datasets, enriching
them with information on broad and upper groups of areas.

Since most datasets include the microlevel classification of evaluation areas,
enriching the data would be straightforward if GeoCapes provided unique iden-
tifiers for the 49 areas. However, since that is not the case, users need to rely
on the area names, which are not standardised. For instance, the graduate pro-
grams dataset includes 106 distinct evaluation areas, and most are duplicates
from either trailing and inconsistent spacing or capitalisation issues. While
cleaning the data could solve these, another problem comes from renaming
evaluation areas over the years. The current area of ‘Journalism and Infor-
mation”, for example, was known as “Applied Social Sciences I” until it was
rebranded, alongside two other areas, by Ordinance 234 (CAPES, 2016b).

Similar inconsistencies are seen across higher education institutions, cities,
countries, and other fields. Those problems can be partially explained by the
fact that GeoCapes does not seem to be based on a relational database, compil-
ing visualisations from a structured source. Instead, the underlying information
appears to be built from appending new aggregated data every year, imposing
limitations that need to be addressed to conduct rigorous research.

A.2 Introducing the GeoCapes R package

R is an open-source language and environment for statistical computing and
graphics, popular among researchers and data analysts across multiple fields of
knowledge. The language’s algorithms are powerful to work with large volumes
of data, automating the tedious and error-prone manual work associated with
spreadsheet use while also being shareable in public repositories, thus fostering
openness and reproducibility (R Core Team, 2021; Sarmento and Costa, 2017).

A.2 Introducing the GeoCapes R package
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The benefits of the R language make it valuable to deal with GeoCapes data, in
part because the system’s datasets are updated annually, but not simultaneously.
Algorithms can seamlessly download and process the most recent data, saving
users from handling new tables for every study. Additionally, the approach
is more suitable to address new research questions that may arise from the
data, as the code can be adapted and expanded as needed. Of course, the code
complexity grows with the design of multiple usage scenarios, limiting its use
to those users proficient in the chosen language. For that reason, this paper
introduces an R package compiling a series of algorithms designed to work with
GeoCapes data. In a package, thousands of lines of code are transformed into
simple and easy to use functions, significantly improving accessibility.

To demonstrate its simplicity, Algorithm A.1 shows the commands to install
and load GeoCapes for R; download and process the most recent version of the
graduate program dataset; export the cleaned and enriched results to a CSV
file; and even produce visualisations from the data. To use the code, R should
be installed on the user’s computer, and the software download with necessary
instructions is available at https://www.r-project.org/. It is also recommended
to install RStudio Desktop, an integrated development environment (IDE) that
enhances the use of many R features (https://www.rstudio.com/).

Algorithm A.1: GeoCapes R package: installing, loading and operation example

1 # Install and load the latest version of the GeoCapes R Package
2 install("devtools")

3 devtools::install_github("AndreBrasil/geocapes")

4 library (geocapes)

6 # Download and clean the GeoCapes dataset of graduate programs
7 get _grad_programs ()
8

9 # Exporting the dataset as a local file

10 save_grad_programs ()

12 # Plots from the processed dataset
13 prog_year ()
14 prog_hei ()

The resulting data set from running the get_grad_programs() function is a
table with 65.599 observations' of 16 variables, including the 13 originally

1 The information considers the dataset made available in November, 2021.
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provided by GeoCapes and three additional ones: evaluation area id, HEI
id, and upper area groups. Cleaning algorithms are applied to fields such
as city, HEI and institution type. A series of arguments are included in the
download function to filter the dataset: start year, end year, state, region, and
HEI. From that, get_grad_programs(2010, 2015, region = "North") re-
trieves records from 2010 to 2015, from the North region of Brazil, while
get_grad_programs (state_code = "SP") limits the resulting table to PPG in
the state of Sdo Paulo. As the package is thoroughly documented, help files
with descriptions, arguments, and examples are available for every function.

After downloading the chosen data set, the save_grad_programs () function
can be used to export the resulting table as a CSV file. Those familiar with R
can continue using the environment for data analyses, and the package also
includes ready-made functions for that. Figure A.3, for instance, shows the plot
created with the prog_year () function, which consists of a line graph of the
number of graduate programs active per year in the 1998-2020 period.
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Figure A.3.: Line chart created by prog_year (), showing graduate programs per year

As happens with the download function, prog_year () includes arguments to
filter the starting and end years displayed, but it can also detail the plotted line
according to different variables. Figure A.4, for instance, shows the output of
prog_year(per_region = TRUE), a line chart of PPG revealing the asymmetri-
cal distribution of graduate education across the five Brazilian regions.

A.2 Introducing the GeoCapes R package
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Figure A.4.: Line chart created by prog_year (per_region = TRUE), showing graduate
programs per year and region

Another example is seen in Figure A.5, which displays the result of running
prog_year(per_region = TRUE, per_level = TRUE). This command out-
puts a line chart for each region, detailing the number of programs according to
the level of courses offered. The legend shows master’s degrees (MA), doctoral
degrees (DO), and the respective professional categories (MP and DP).
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Figure A.5.: Line chart created by prog_year(per_region = TRUE, per_level =
TRUE), showing graduate programs per year and level, grouped by region
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Figure A.5 reveals how graduate programs offering academic courses at the
master’s and doctoral levels have been the majority for decades in the Southeast
of Brazil, but a more recent development in the South and Central West regions.
In the case of the Northeast and North regions, the proportion of programs
offering only the academic master’s is still significant. The data support the
arguments presented in Brasil (2020) for the valorisation of the master’s course
in its current format in the country — resembling a short doctorate — as it is still
the primary alternative for scientific training in a substantial part of Brazil.

Still working with the PPG dataset, the GeoCapes package for R offers the
prog_hei () function, which analyses the data from the perspective of HEL. The
bar graph produced can be seen in Figure A.6, where the top 15 HEI in the
number of graduate programs are shown (using the most recent year available
in the dataset). Each bar is detailed by grade, which starts at 2 for this set of
institutions and goes up to the maximum of 7. Grade A represents programs that
were recently accredited, but have not yet gone through a periodic evaluation.
The available arguments allow the selection of reference years and the number
of institutions to be shown, as well as the filtering of HEI from selected regions.
Users are also allowed to visualise the results as a percentage stacked bar chart.
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Figure A.6.: Top 15 HEI in number of graduate programs in Brazil, detailed by grade
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A different example of the GeoCapes R package application comes from the
function get_funding(), which downloads data on annual CAPES investment
per state. While relevant, the original dataset has no information on region, and
expenditures are only provided in Brazilian real (BRL), without any monetary
correction over the years. As Brazil is not a country free of inflation, deflating in-
vestments would improve comparisson capabilities and converting values to US
dollars (USD) would make the dataset useful for an international audience.
With that in mind, internal functions were embedded into get_funding(),
adding the following columns to the resulting dataset:

i) Brazilian geographical regions;

ii) The corresponding US dollar exchange rate for each record, obtained
through the Application Programming Interface (API) of the Brazilian
Central Bank;

iii) The informed investment converted to the corresponding dollar rate;

iv) Deflated values in BRL, corrected using the Extended National Consumer
Price Index (IPCA), which is collected through the API of the Brazilian
Institute of Applied Economic Research (IPEA).

As with any of the download functions provided by the package, the result-
ing data set can be saved as an Excel compatible CSV file, in this case by
running save_funding (). Furthermore, a visualisation function is available —
funding_year () — which can be used to plot a line graph of CAPES investment
over time, as can be seen on Figure A.7. Arguments available allow users to
select the start and end years plotted, choose the desired currency (either BRL
or USD), and whether the monetary correction should be applied for invest-
ments in Brazilian real. It is also possible to plot the data according to region,
as shown on Figure A.7d.

The GeoCapes funding dataset is quite valuable for observing the rise and fall in
investments made by CAPES over nearly two decades. It helps researchers and
general users identify the asymmetry in funding distribution, see the impact of
devaluation of the Brazilian real on the dollar, and more. Combining funding
information with data on scholarship holders in Brazil or abroad, growth of
the graduate system, and details on students makes GeoCapes an even more
powerful resource for answering relevant research questions about the Brazilian
National System of Graduate Education.
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Figure A.7.: Line charts generated by the funding_year () function

A.3 Available functions in the R package

The initial release of the GeoCapes for R package includes more than 60 func-
tions, of which 50 are available to the user. The remaining are internal functions
created for tasks such as monetary correction, defining visualisation templates,
and dataset translation. They are activated when necessary, without the need
for user intervention, and the package documentation includes details about
their operation.

The user-accessible functions are presented in two sets: one in Portuguese and
the other in English. Both download, clean, and enrich datasets; save results to
CSV files; and provide visual output for simple analyses. The only difference is
that the first set does all that in the original language of the datasets, while the
second applies a series of algorithms to translate column names and content
such as countries, regions, evaluation areas, and groups, etc.

The GeoCapes R package does not use machine-generated translations. Instead,
it relies on lookup tables curated from the author’s previous research and inter-

A.3 Available functions in the R package
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national publications. For instance, the translation applied to evaluation areas,
broad areas, and groups resulted from analysing the classification adopted by
CAPES against those of the Organisation for Economic Co-operation and De-
velopment (OECD) and the International Standard Classification of Education
(ISCED). The corresponding lookup table has been made available on a public
repository (Brasil, 2021c).

The following subsections will present the user-accessible functions included in
version 1.0 of the GeoCapes R package.

A.3.1 Downloading

The GeoCapes R package can download all the data sets listed in Table A.1. The
available functions are shown in Table A.2, focussing on the English versions,
but showing the Portuguese alternatives below them. Running any of those
functions will make the corresponding dataset available in the R environment,
cleaned and enriched. Arguments are available to allow users to pre-filter
the original datasets to fit particular needs. For example, all functions accept
the start_year and end_year parameters, while others may be used to get
information for a single higher education institution or for a region or state.

Table A.2.: GeoCapes R package functions to download, clean, and enrich datasets

Function Description

get_grad_programs()  Retrieves the complete dataset of active graduate programs (PPG) in

baixar_ppg() Brazil, with information per year and according to HEI, city, evaluation
area, etc. The full enriched table includes 65.599 records of 16 variables,
which can be filtered by start year, end year, state, region, and HEI.

get_faculty() Downloads the dataset with information on the distribution of faculty

baixar_docentes() members aggregated by PPG, and detailed by affiliation type (perma-
nent, contributor or visiting professor). The full dataset includes 77.655
observations of 19 variables, and the same filters as above apply.

get_students() Similar to the previous function, the final table includes the number of

baixar_discentes() graduate students per year and level across each individual PPG. The
full dataset includes 137.820 observations of 20 variables. The same
five filters remain available.

Continue. ..
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Table A.2 Continued

Function

Description

get_grants()

baixar_bolsas()

get_international()

baixar_internacional()

get_funding()

baixar_fomento()

get_pub_portal()

baixar_portal()

get_geocapes ()

baixar_geocapes()

Downloads the dataset with grants awarded to each PPG, detailling
level (masters, doctorate, postdoctorate, etc.) and funding program.
The complete data set includes 154.916 observations of 28 variables.
While the filters mentioned above also apply, users have the additional
option to filter by funding line.

Retrieves the dataset of scholarships granted for studies abroad, aggre-
gated according to foreign institution and funding program. The result-
ing data set has 117.914 observations of 21 variables. Available filters
are: start year, end year, country, funding program, and HEI (foreign).

This function gets the table with information on CAPES’ funding per
year and state, enriching the data with columns on monetary correction
(IPCA), currency convertion (from BRL to USD) and region. The result-
ing table contains only 538 observations of 8 variables, but can still be
filtered by start year, end year, state, and region.

Retrieves information regarding usage of the Brazilian Portal of Jour-
nals, including access to reference databases and the number of full-text
downloads, aggregated by HEIL The data set of 5603 observations of 11
variables can be filtered by start year, end year, state, region, and HEI.
This function downloads all GeoCapes datasets, running the respective
algorithms to clean and enrich them. All the filters mentioned above
can be used here.

A.3.2 Saving

After running any of the download functions, the corresponding datasets will

be made available in R’s global environment. These can be explored by users —

who can further clean, enrich, and analyse the tables — or just be exported as
CSV files. Table A.3 lists the available functions to save data sets.

Table A.3.: GeoCapes R package functions to export downloaded datasets

Function

Description

save_grad_programs ()
salvar_ppg()

save_faculty()

salvar_docentes()

Exports the complete dataset of active graduate programs in Brazil as
geocapes_grad_prog.csv.
Exports the dataset on the distribution of faculty members per PPG as

geocapes_faculty.csv

Continue. ..
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Table A.3 Continued

Function Description

save_students() Exports the dataset on the distribution of graduate students per PPG as
salvar_discentes() geocapes_students.csv.

save_grants () Exports the dataset on CAPES scholarship holders in Brazil as
salvar_bolsas() geocapes_grants.csv.

save_international() Exports the dataset on CAPES scholarship holders abroad as

salvar_internacional() geocapes_international.csv.

save_funding () Exports the dataset on CAPES investment in scholarships and funding
salvar_fomento () as geocapes_funding.csv.

save_pub_portal() Exports the dataset on the use of the Brazilian Portal of Journals as
salvar_portal() geocapes_pub_portal.csv.

save_geocapes () Checks which datasets were downloaded by the user and runs the re-
salvar_geocapes () spective functions to export everything at once.

Each of the functions presented in Table A.3 will perform all saving operations
on the datasets locally available. Thus, any filters applied during the down-
load process will be reflected in the exported files. To represent the content of
each CSV file, users can include a different filename to the functions. For in-
stance, save_international ("geocapes_international USA.csv") can bet-
ter reflect the output of scholarship holders if the download was filtered to show
only grants awarded for studying or conducting research in the United States.

A.3.3 Visualising

The GeoCapes R package includes a series of functions to help users understand
and visualise the downloaded data. Table A.4 lists those available in version 1.0,
including the arguments users can apply to adjust the visualisations to reflect
their needs.

Table A.4.: GeoCapes R package functions to visualise downloaded datasets

Function Description
prog_year () Creates a line chart on the number of graduate courses active in Brazil,
ppg_por_ano () as seen on figures A.3 to A.5. Users can define start year and end year

to show and choose to plot the lines by region and level.

Continue. ..
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Table A.4 Continued

Function

Description

prog_hei()
ppg_por_ies()

faculty_year ()

docentes_ano ()

enrolled_year ()

matriculados_ano()

graduates_year ()

graduados_ano ()

save_grants()

salvar_bolsas()

international_year()

internacional_ano()

funding_year ()

invest_ano()

pub_portal_year ()

portal_ano()

Creates a stacked bar chart on the distribution of graduate programs per
HEI, detailed according to grade (Figure A.6). By default, the function
plots the most recent data for the top 15 institutions in the number of
PPG, but users can choose to visualise previous years and change the
number of HEI to display. It is also possible to filter the data to show
one or more regions and to output the results as a percent bar chart.

Creates a stacked bar chart of the number of faculty members over
time, detailed by affiliation type. Users can change the range of the
data displayed, and filter by region, state, or HEIL

This function creates a stacked bar chart similar to the previous one,
but plots the number of enrolled students, detailed by level. All filters
from faculty_year () apply.

Also similar to the previous function, including the available filters, but
producing a stacked bar chart of the number of students graduated
each year, again detailed by level.

Creates a line chart on the number of scholarship holders in Brazil. The
visualisation can be filtered by region, state and HEI, and users can
select the desired range to display.

Creates a line chart on scholarship holders abroad, detailed for the top
10 countries. Users can select the period to be shown (defining start
year and end year), change the number of countries to display, or even
choose the ones to be shown. Two boolean filters are also available
to exclude either undergraduate scholarships or the Science Without
Borders program from the visualisation.

Creates a line chart on the evolution of CAPES funding over time, as
seen in Figure A.7. Users can visualise investments in USD or BRL
(nominal or deflated) and can detail the results by region. It is also
possible to select the years to display.

Creates a stacked bar chart on the annual use of the Brazilian Portal of
Journals, detailed by type of access (database and full paper download).
Once again, users can select the desired range to display, as well as filter
by region, state and HEI.

For experienced R users, it is worth mentioning that the functions listed in Ta-
ble A.4 rely on the ggplot2 data visualisation package designed by Wickham
(2016), so the resulting objects can be further manipulated. For instance, run-

ning prog_year() + geom_smooth(method = "1m") will add a linear model

to the original plot. Likewise, wrapping any of the visualisation functions in
gegplotly () — from Plotly Technologies (2015) — will convert the figures into
interactive ones, ready for embedding into web applications.

A.3 Available functions in the R package
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A.4 Conclusion and next steps

The launch of CAPES’ Georeferenced Information System (GeoCapes) was a
significant step towards a transparent system of research and graduate educa-
tion in Brazil. Opening data on graduate programs, faculty members, student
body, and different funding initiatives has made the system very valuable over
the years, both for accountability and research purposes. However, significant
limitations exist both in the system’s public interface and in the underlying data,
including language restrictions imposed by its Portuguese only approach. There-
fore, this paper introduced a GeoCapes R package designed to share a series
of algorithms developed to increase the value of CAPES’ system for Brazilian
researchers and an international audience.

In its initial release, the GeoCapes R package includes 25 user-accessible func-
tions to deal with the original data in Portuguese and equivalent counterparts
to perform the same tasks with additional translation into English. These func-
tions download, clean, enrich, export, and plot data from GeoCapes, expanding
the system’s functionality and usefulness for researchers and other interested
users. By providing simple access to complex data analyses, the functions are
easy to use and are documented in the corresponding language.

Among the benefits of the GeoCapes for R package is the possibility of perform-
ing time series analyses as seen in A.3, A.4, A.5, and A.7. However, several other
analyses are already possible with the package, and the arguments included in
each function allow users to filter and adjust the various output files and visu-
alisations. In that sense, an important next step in the package development
is the expansion of potential usage scenarios, incorporating new analyses both
from the author’s perspective and from eventual user requests or collaboration.

Although expanding the package for R users may be relevant, it is crucial to ac-
knowledge the steep learning curve associated with any programming language.
Furthermore, researchers with a more qualitative profile usually adopt more
intuitive statistical tools, such as SPSS. On the other hand, disciplines such as
engineering favour the use of Python, in part because it is a general-purpose
programming language (Muenchen, 2019). Thus, it is relevant to consider how
to expand the scope of the package presented here in order to allow its use by
groups of users who may benefit from the results offered, but who would have
no interest or need to add R to their research toolset. In this sense, one of the

Appendix A Expanding GeoCapes usefulness for research



next steps planned for the development of GeoCapes for R is the design of a
graphical web interface, based on the Shinny platform created by Chang et al.
(2021). In this way, users will be able to operate the package without typing a
single line of code.

For now, the open source version of the GeoCapes R package — including its
documentation and a space for users to report bugs or send feature requests
— is available on the GitHub repository at https://github.com/AndreBrasil/
geocapes.

References

BRASIL. (1951). Decreto n° 29.741, de 11 de julho de 1951. Institui uma comissdo para
promover a Campanha Nacional de Aperfeicoamento de Pessoal de Nivel Superior.
Didrio Oficial da Unido. Rio de Janeiro, RJ.

Brasil, A. (2020). Building a national system of research and graduate education: How
did the university become the house of science in Brazil? Revista Nupem, 12(27),
222-253. https://doi.org/10.33871/nupem.2020.12.27.222-253

Brasil, A. (2021c). Brazilian evaluation areas, broad areas and groups, including original
names in Portuguese and English translations. Dataset. https://doi.org/10.5281/
zenodo.5795662

CAPES. (2009). Capes lanca aplicativo gréfico para consulta de dados. Retrieved
December 7, 2021, from https://bit.ly/3IsaOBw

CAPES. (2016b). Portaria n° 234, de 15 de Dezembro de 2016. Alteragcdo de denominagdo
de dreas de avaliagdo. Didrio Oficial da Unido. Brasilia, DF.

CAPES. (2021e). Sistema de Informagbes Georreferenciadas. Geocapes. Brasilia, DF.
Retrieved August 20, 2021, from https://geocapes.capes.gov.br/

Cardoso, M. S. (2015). Sistema Geocapes de dados estatisticos. Brasilia, DF. Retrieved
December 2021, from https://bit.ly/3DyZmR1

Chang, W., Cheng, J., Allaire, J., Sievert, C., Schloerke, B., Xie, Y., ... Borges, B. (2021).
Shiny: Web application framework for r. R package version 1.7.1. Retrieved from
https://CRAN.R-project.org/package=shiny

Conselho Federal de Educacéo. (1965). Parecer CFE n° 977, de 3 de dezembro de 1965.

Estabelece a defini¢do dos cursos de pés-graduagdo no pais. Brasilia, DF.

Maciel, C. E., Trierweiller, A. C., & Ferenhof, H. A. (2019). Perspectiva do Usudrio
na Utilizacdo da Plataforma Sucupira como Sistema de Avaliacdo: Uma Analise
Exploratéria. (pp. 1965-1975). https://doi.org/10.5151/9cidi-congic-4.0350

A.4 References

353


https://github.com/AndreBrasil/geocapes
https://github.com/AndreBrasil/geocapes
https://doi.org/10.33871/nupem.2020.12.27.222-253
https://doi.org/10.5281/zenodo.5795662
https://doi.org/10.5281/zenodo.5795662
https://bit.ly/3IsaOBw
https://geocapes.capes.gov.br/
https://bit.ly/3DyZmR1
https://CRAN.R-project.org/package=shiny
https://doi.org/10.5151/9cidi-congic-4.0350

354

Maia, M. A. Q. (2020). Sistema de informagdo da pds-graduagdo brasileira: Avaliag@o
da Plataforma Sucupira (Doctoral dissertation, Universidade Federal de Minas
Gerais).

Muenchen, R. A. (2019). The popularity of data science software. Retrieved December
28, 2021, from http://r4stats.com/articles/popularity/

Plotly Technologies. (2015). Collaborative data science. Montreal, QC: Plotly Technolo-
gies Inc. Retrieved from https://plot.ly

R Core Team. (2021). R: A Language and Environment for Statistical Computing.
Retrieved from https://www.R-project.org

Ribeiro, R. J. (2008). Quality in Research: CAPES’ point of view. In J. L. N. Audy
& M. C. Morosini (Eds.), Innovation and quality in the university (pp. 127-169).
Porto Alegre: EDIPUCRS.

Sarmento, R., & Costa, V. (2017). Comparative approaches to using R and Python for
statistical data analysis. Hershey, PA: IGI Global.

SBPC, & ABC. (2020b). Qual o papel da CAPES na construcéo da ciéncia e da pesquisa
no Brasil? [webinar]. Brasilia, DF: SBPCnet. Retrieved August 17, 2021, from
https://youtu.be/olztaCBihAk

Siqueira, M. B. (2019). Sucupira - A Platform for the Evaluation of Graduate Education
in Brazil. Procedia Computer Science, 146(2019), 247-255. https://doi.org/10.
1016/j.procs.2019.01.081

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. New York: Springer-
Verlag. Retrieved from https://ggplot2.tidyverse.org

Appendix A Expanding GeoCapes usefulness for research


http://r4stats.com/articles/popularity/
https://plot.ly
https://www.R-project.org
https://youtu.be/o1ztaCBihAk
https://doi.org/10.1016/j.procs.2019.01.081
https://doi.org/10.1016/j.procs.2019.01.081
https://ggplot2.tidyverse.org

Additional Resources

This dissertation is grounded in an applied research approach, with the aim
of making it relevant and impactful on evaluation processes. It provides a

variety of practical suggestions to improve Brazil’s graduate evaluation system.

Given its complexity, extensive nature, and English language, the work might
not be easily accessible to everyone. Thus, a list of deliverables tied to this
dissertation’s core essence are provided here. This inventory is geared towards
a more practical understanding and application of the research.

B.1 Policy brief series

In the realm of academic research, it is of paramount importance to ensure that
the results and findings of studies are not limited to the walls of universities
or the pages of scholarly publications. It is equally crucial to see these results
translated into actionable insights, specifically tailored for policymakers who
wield the power to promote change. To this end, a suite of policy briefs has
been prepared to communicate some of the key recommendations derived from
the various chapters of this dissertation.

Figure B.1 showcases the cover of the first policy brief in the series, developed
from insights included in Chapter 9. This chapter advocates for the use of
purchasing power parity (PPP) as a preferred index to negotiate transformative
agreements for open-access publishing in Brazil. Other policy briefs within the
collection available at https://doi.org/10.17605/0sf.io/8jsvu explore a myriad
of topics. These include, but are not limited to, the role of evaluation in the
recognition of open-access publishing, and recommendations regarding the
reconfiguration of the disciplinary classification currently upheld by CAPES.
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e 0
POLICY BRIEF #01

Meaningful metrics

PRATICAS DE NEGOCIACAO DE APCS:

A PARIDADE DO PODER DE COMPRA COMO
PARAMETRO MAIS EQUITATIVO

e Este documento sugere que a CAPES utilize o indice de Paridade do
Suma".o Poder de Compra (PPP) como parametro normalizador da estrutura
Executivo econémica brasileira ao negociar acordos de transformagao com edito-

ras cientificas. As metodologias adotadas por muitas editoras para con-
cessao de waivers de publicagdo empregam o modelo Research4Life ou
a classificacdo do Banco Mundial com base no PIB. Ambas negligenciam
as consideraveis disparidades econémicas nacionais, exigindo uma alter-
nativa mais equitativa. Este resumo apresenta evidéncias de que o PPP
pode ser usado como possivel alternativa. No entanto, sua apresentagao
nao descarta o valor de consultas com especialistas econémicos para ex-
plorar alternativas mais adequadas ao cendrio de negociacao.

Figure B.1.: Cover page of one of the policy briefs being prepared for CAPES
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B.2 Website: BrScience

In conjunction with the outcomes delineated within this dissertation, a website
has been designed to offer an extensive scientometric analysis of the strengths,
weaknesses, opportunities, and threats of the Brazilian science system. The
BrScience website (https://brscience.cwts.nl) includes information on scientific
output, citation impact, international and industry collaboration, and more. The
core data for the initial development came from the Web of Science, covering
the period 2013-2022. However, additional databases have been subsequently
added and the presented analyses now include information from Scopus, Ope-
nAlex, and other relevant sources.

The primary objective of the effort is to offer an overview of the Brazilian
scientific landscape from a scientometric perspective, while also providing pol-
icymakers with evidence for the effective allocation of investments and the
recognition of past efforts. The development of this website is taking place in
consultation with CAPES, and the initial single author approach for the develop-
ment has been opened to include collaborations from many other researchers

interested in sharing their analyses on the Brazilian scientific landscape.

CWTS  CAPES Q search

Introduction

GENERAL PANORAMA
Overall production and impact

Compared impact per area

INTERNATIONAL PERSPECTIVE
Brazil in comparison

International collaboration

Introduction

Background on the BrScience website

INSTITUTIONAL ANALYSIS
For universities

For research institutes In 2019, the Web of Science Group meti an evaluative
concerning the research condition within Brazil's borders. Commissioned by CAPES, the report's

findings were disseminated comprehensively within the scientific community. The delineated
document delved into three pivotal axes: the performance of Brazilian research, its degree of
SWOT analysis for BR Science international , and the of within the country's diverse

SWOT ANALYSIS

educational and research institutions. This restorative material served as a sweeping panorama
of Brazilian science, guiding the initiatives of CAPES as the country's principal funding agency
while supporting various other entities engaged in Brazil's science and technology sector.

International comparison

INDUSTRY COLLABORATIONS
Fast-forwarding four years, Brazil struggles to recover from an incredibly steep crisis within its

research and higher education framework. Budgetary cuts, university persecution, and targeted
Collaboration evolution per area attacks on the Humanities marred 2019 to 2022. However, with the change of government, a
clear signal of recovery was flagged by a 44% increase in CAPES and CNPq budgets, along with
a40% rise in the value of scholarships granted for master's and doctoral programs in the
country.

Total output with industry

Top 25 publishing companies

Figure B.2.: BrScience website, available at https://brscience.cwts.nl
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B.3 Dashboard: Literature explorer

During this doctoral research, an exhaustive study was undertaken, encom-
passing the examination of close to 1500 research items. This large collection
included articles, books, chapters, reports, and legislation, among other types
of document. To facilitate the exploration of the cited works, each individual
chapter in this dissertation includes a dedicated reference section. Furthermore,
the end of the book also features a consolidated reference list of all cited works,
followed by a complete author index.

However, for those who wish to gain a more detailed perspective of the entire lit-
erary landscape explored, an interactive dashboard has been created and made
available at https://andrebrasil.github.io/viz/references.html. This resource
enables users to dive into all the reviewed works, cited or not, and provides
direct links to any content with a DOI or a permanent URL. The interface also of-
fers multiple filter capabilities, including by author, publication type, language,
and by the chapters in which the works were cited.

Title / Keyword

Filter references used in publications / chapters:
COMPLETE REFERENCE LIST -

Search for Author

Author =
CAPES 117
André Brasil a7
BRASIL 2
Giliberto Capano 2
Sarah de Rijcke 2
Ludo Waltman 2
Nees Jan van Eck 20
Jordi Molas-Gallart 19
Rodrigo Costas 19
Ismael Rafols 18
Robert Tijssen 18
Null 17
Henk F. Moed 15
Ed Novons 14

Year  Type I Title Journal/Publisher = Author =

1891 Legislation Constituigdo da Repuiblica Federativa do Brasi Diério Oficial da Unido BRASIL &

1893  Legislation Lei , de mbro de 1893. Regulamenta a organizaao de associagdes q BRASIL

1915 Legislation eto 3 Margo de 1915. BRASIL &

1920 Legislation BRASIL &

1929 Book ABE

1931  Legislation BRASIL %

Abril de BRASIL &
Abril de 1931. Di BRASIL &
1937 Book Alinstrugao e o Subsidios para a hi Primitivo Moacyr

1939 Book The social funct John Desmond Bernal

ence

de 18 de Junho de 1946. Aprova o estatuto da Universidade do Br... Diario Oficial da Unido BRASIL &

1946 Legislation Decreton®21.32:
1950  Thesis Non-cooperative games Princeton University John Nash
1894 1904 1914 1924 1934 1944 1954 1964 1974 1984 1994 2004 2014 2024

Figure B.3.: Main view of the bibliography explorer
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B.4 Dashboard: Brazilian legislation on graduate
education

Throughout this dissertation, more than 100 legislative items were examined,
including laws, ordinances, and decrees. To assist those seeking to understand
the construction process of the Brazilian National System of Graduate Education
(SNPG) and its evaluation, a timeline has been prepared with these documents.
The tool is available at https://andrebrasil.github.io/viz/timeline.html, and not
only displays the researched legislation, but also provides direct access to the
original texts.

It is crucial to note that the Brazilian National System of Graduate Education
(SNPQG) is predominantly regulated by the Ministry of Education and by CAPES.
As such, the legislation mapped in this timeline at times serves to mould the sys-
tem, while in other instances it plays a role in defining evaluation processes and
standards. Therefore, its importance in understanding the Brazilian evaluation
system is considerable.

APRILS, 2018

PORTARIAN® 321

Dispoe sobre a avaliagio da pos-graduacao stricto sensu:

| Poraria n® 321

2018 El

Figure B.4.: Legislation timeline available at https://andrebrasil.github.io/viz/timeline.
html
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