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Abstract: Brazilian scientific production has been mostly developed (90%) by Brazilian 
universities, mainly graduate programs, which must be assessed and ranked by 
the Brazilian government for their maintenance. The Qualis system is used for this 
classification by valuing the scientific production of graduate programs, stratifying 
journals and assigning grades. Several Brazilian researchers affirm that the Qualis system 
is inaccurate and subjective because it is carried out by a group of researchers. This work 
aimed to propose methods to evaluate Brazilian scientific production in order to improve 
the assessment of graduate programs through multi-criteria methods in addition to 
Qualis. The application of different metrics presented results significantly different from 
Qualis, including the over valuation of journals with a low international impact factor. 
The proposed metrics considered: (i) web of science impact factor of the journals; (ii) 
Citations from articles; (iii) Citations of citations, i.e., a new metric; and (iv) H-Index for 
researchers. It was proposed the multi-criteria method, composed of the mentioned 
criteria, in addition to Qualis. For the sample of researchers, it was demonstrated that 
multi-criteria methods can assess scientific production more accurately. Therefore, 
they are more adequate to assess the Brazilian graduate programs, considering several 
internationally accepted criteria.

Key words: Brazilian scientific production, Qualis, secondary citations.

INTRODUCTION
Between 2007 and 2011, Brazil contributed 2.59% 
(147,503) of the world’s total scientific papers, 
placing the country as 13th in the global ranking 
(Leta et al. 2013). Even in constant growth, the 
Brazilian scientific production remained the 13th 
largest in the world, considering the production 
of international papers between the years 2011 
and 2016. There has been growth for more than 
20 years in the number of Brazilian papers 
indexed on the Web of Science (WoS) platform, 
which indicates the expansion of the academic 
research production (Cross et al. 2018).

Between 2011 and 2016,  Brazi l ian 
researchers had an outstanding participation 
in papers involving 123 other countries, through 

co-authoring with international researchers. 
About a third of all Brazilian papers in this 
database from the same period had at least one 
international collaborator (Cross et al. 2018). It 
demonstrates the participation and contribution 
of Brazilian research in the international context 
and highlights the growth trend found by Cross 
et al. (2018), who reveal, through time series data 
from 2011 to 2016, the increasing percentage of 
papers produced by Brazilian researchers, with 
international collaboration.

In addition, it was evaluated the impact of 
Brazilian scientific output, measured in terms 
of citations per paper, which increased by 18% 
between 2011 and 2016. As a result, the Brazilian 
normalized impact factor soared from 0.73 to 
0.86, considering that the unit normalized 
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impact factor represents the world average for 
the period. Brazil produced some highly cited 
researchers and obtained approximately 1% of 
the papers among the top 1% most cited in the 
world for the year 2016. From different metrics, 
Brazil ranked third among the BRICS countries 
(Brazil, Russia, India, China and South Africa) 
in: (i) number of papers, (ii) citations and (iii) 
papers per capita. The numerical results of the 
scientific output from BRICS countries are shown 
in Table I (Cross et al. 2018).

The production of Brazilian scientific papers 
comes, for the most part, from universities, 
which are the main institutions involved in the 
paper production, since most of the authors 
are faculty and/or students related to graduate 
studies. The production of papers from public 
universities accounted for about 90% of the 
total in the 2011 to 2016 period (Cross et al. 2018).

Graduate programs in Brazil undergo a 
rigorous evaluation process. They are graded 
from zero to seven, which is the main criterion for 
the maintenance and allocation of funding. For 
such evaluation, the Brazilian public institution 
Coordination of Improvement of Higher Level 
Personnel (CAPES) created the Qualis system, a 
method used for classifying the quality of the 
output from scientific journals from all graduate 
programs. This classification is indirect, carried 
out through the analysis of the quality of the 
journals publishing the papers (CAPES 2013). The 
Qualis system classifies the journals into the 

following descending order strata, according to 
their score: A1, A2, B1, B2, B3, B4 and B5.  The A1, 
A2 strata are considered to be of international 
level (Oliveira et al. 2015).

Thus, researchers are encouraged to publish 
in better-evaluated journals, or increase the 
number of papers according to Qualis, so as to 
improve the classification of Brazilian graduate 
programs (Gabardo et al. 2018). It is important 
to emphasize that the evaluation of scientific 
papers has been the most important parameter 
to assess the performance of a graduate 
program.

In the beginning, the classification of journals 
by means of the Qualis system considered their 
impact factor, but the evaluation committee, 
which determines the stratification of the 
journals, observed that the great majority of 
Brazilian journals would be negatively affected, 
as they have an impact factor of zero or almost 
zero. Thus, the journal evaluation committee 
maintained several Brazilian journals, with 
impact factor zero or close to zero, among the 
upper strata of Qualis (Kellner 2017). It seems 
that the Qualis management committee assigns 
a classification to the strata A1, A2, B1 to B5 that is 
not consistent with citations on an international 
basis, but rather with Brazilian or Latin American 
ones and/or based on judgment of value at the 
discretion of the committee. Therefore, the Qualis 
system evaluation has become imprecise, which 
generated certain criticisms in the academic 

Table I. Papers published, citations normalized and papers per thousand inhabitants of brics countries, between 
2011 and 2016.

Country Papers Normalized Citations1 Papers per Thousand Inhabitants
Brazil 250680 0.78 1.19
Russia 194126 0.63 1.37
India 347293 0.78 0.26
China 1402689 1.00 1.01

South Africa 73663 1.11 1.32
1World Average = 1.
Source: (Cross et al. 2018, U.S. Census Bureau 2019).
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environment, to a certain extent, because of 
the arbitrary classification of journals by the 
commission, which demonstrates a high degree 
of subjectivity of the system.

The Qualis system uses a rather questionable 
rule stating that the number of A1 publications 
must be lower than the number of A2 journals, 
and the sum of the two may not exceed 26% 
of the total, whereas the sum of A1 + A2 + B1 
may not exceed 50% of the total (Fernandes 
& Manchini 2019). Thus, the classification 
of journals in higher strata depends on the 
existence of a certain number of journals in 
strata of lesser value rather than the number of 
citations obtained per published paper, which is 
the case of international databases.

Kellner (2017) states that the Qualis 
evaluation system became decisive for authors 
in their selection of a journal to which their 
manuscripts would be submitted. Therefore, 
some journals, which occupy lower positions in 
the ranks, receive very few submissions, which 
seriously impacts their chances of funding. 
Furthermore, there are few prospects for these 
journals, as Qualis system rules do not allow 
better ranking of all.

Gabardo et al. (2018) criticizes the 
Qualis system, stating that the model of the 
evaluative system causes researchers to be less 
concerned with publishing in journals of greater 
international or area relevance, but rather in the 
journals ranked among the upper strata of the 
Qualis system. According to the authors, this has 
led to discrepancy between the metrics of the 
international scientific evaluation and those of 
Brazil.

In contrast to the Qualis system, several 
metrics are used worldwide to evaluate 
scientific output without necessarily analyzing 
its content (Cainelli et al. 2015, Abramo et al. 
2013). Considering the number of publications 
as the only method used to classify research 

institutions or researchers may have significant 
limitations (Duffy et al. 2011), as this method 
does not consider the case of the number of 
authors or the quality of the publications (Wu et 
al. 2015). Consequently, other objective metrics 
that take into account other factors, such as 
quality of publications, are essential to enable 
a more accurate assessment of the scientific 
output of individuals or institutions.

Therefore, new metrics for scientific output 
have been proposed around the world, primarily 
based on the number of citations of a paper. 
Citing the research of someone else provides 
the necessary information, ideas and key points 
to disseminate knowledge scientifically (Mingers 
& Leydesdorff 2015). The number of citations a 
paper receives reflects the impact it has had on 
subsequent research, and it may be said that a 
paper (or a collection of papers) with a higher 
number of citations tends to reflect higher 
quality. However, the number of citations also 
depends on the area surveyed and the period 
when the paper was produced (Cross et al. 2018).

Due to the limitations of citations, other 
aspects, which together are more representative 
of the productivity of a researcher, should be 
considered, including (i) number of publications, 
(ii) quality of the publications and (iii) scientific 
contribution of the papers (Duffy et al. 2011). 
Therefore, it is recommended that the procedures 
for evaluating productivity should be based 
primarily on citations of scientific papers.

Traditional evaluation methods, such as 
counting number of publications and number of 
citations, have presented some disadvantages, 
which explains the suggestion of a wide range 
of new methods for evaluating the productivity 
of researchers. Several quantitative metrics are 
used worldwide to investigate and compare 
academic productivity in the different academic 
areas, such as Journal Impact Factor (JIF) and 
H-Index, among others that are also primarily 
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calculated based on the number of citations 
(Merigó et al. 2015, Garner et al. 2017).

JIF has become an important tool for 
assessing the quality of scientific journals, 
calculated by the Scientific Division of Thomson 
Reuters and published annually in the Journal 
Citation Reports (JCR). According to Bornmann & 
Marx (2016), although the metric was designed 
to evaluate journals as a whole, JIF’s availability 
made it a common tool for evaluating papers and 
researchers, even though this indicator alone 
has its limitations, since it is not representative 
of individual statistics for each paper.

JIF is an indicator calculated for each 
journal, based on the ratio between the number 
of citations received in a year and the number 
of papers published in the previous two 
years. Some criticisms of the process can be 
considered, because, in the numerator, citations 
of all types of publications of the journal are 
considered, while in the denominator, only the 
papers are considered (Bornmann & Marx 2016). 
According to Sugimoto et al. (2013), there is an 
increasing relationship between JIF and number 
of citations, mainly in journals with greater 
selectivity to accept manuscripts.

The H-Index, which was not designed to 
evaluate research but to help researchers rank 
the literature more effectively, has become an 
important metric for evaluating the productivity 
of researchers (Mingers & Leydesdorff 2015). 
The H-Index is an easy to apply method that 
presents certain advantages and is very robust 
for situations in which there is extreme or scarce 
data. To calculate the H-Index, only the papers 
that have at least h citation are counted rather 
than the number of citations they have. In 
addition, the method values both the number 
of citations received and the number of papers 
cited (Harzing & Van der Wal 2009). Due to the 
characteristics of the H-Index calculation itself, 
some limitations can be observed, such as the 

disregard of papers with few citations and the 
counting of cited papers with the same weight. 
Clearly, because it depends on the number of 
citations, the H-Index is changeable over time.

Tüselmann et al. (2015) has shown that, 
when the journal is classified according to the 
H-Index, results similar to those of other metrics 
are obtained, which evidences this metric is in 
consonance with others used for classifying 
journals, such as citations and impact factor. 
This relation is explainable, as these indicators 
also depend on the citations. It is evident 
that, even when using citations as the basis 
for determining different metrics, they return 
similar but not necessarily equal results, so the 
use of multi-criteria may be a more accurate 
method to evaluate the scientific output of a 
group of researchers. However, the H-Index is 
mostly used to classify groups of researchers 
and no longer to classify journals.

Data sources are necessary for applying 
metrics. For such, certain databases can be 
consulted. Google Scholar, WoS and Scopus are 
among the most widespread databases in the 
world. The Scientific Electronic Library On-Line 
(SciELO) is one of the most important bases 
for Latin America and the Caribbean (Almeida 
& Grácio 2018). Despite the great relevance 
in these regions, according to Freitas et al. 
(2017), the use of SciELO may have limitations 
because it is a less comprehensive database. 
Thus, the international databases stand out due 
to their greater coverage. Mingers et al. (2012) 
recommend Google Scholar as a data source 
for the H-Index compared to WoS and Scopus. 
Despite the limited data quality, Google Scholar 
has the advantage of being one of the largest 
databases (Mingers et al. 2012). Each of these 
databases has its peculiarities.

Google Scholar stands out as a free access 
database, capable of creating opportunities 
for academia, as it enables citations and other 
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metrics to be consulted in a very simplified 
way, with worldwide coverage (Adriaanse & 
Rensleigh 2013). Amara & Landry (2012) provided 
evidence that the data compiled with the 
Google Scholar present better coverage than 
those compiled with the WoS and Scopus for 
the business and administration area. However, 
it is observed that the availability of data in 
Google Scholar depends on the researcher who 
is being registered and the availability of the 
data for consultation. On the other hand, other 
international bases, such as WoS and Scopus, 
may imply considerable costs.

Some recent studies point to limitations of 
the Qualis system, that is a Brazilian system,  in 
contrast, how internationally used metrics can 
be an alternative to improve the evaluation 
system of Brazilian graduate programs. In light of 
this, the objective of this paper was to evaluate 
the Qualis system against internationally 
accepted metrics for a group of researchers and 
to propose an improvement in the evaluation 
system, through multi-criteria, including Qualis.

MATERIALS AND METHODS
Certain traditional metrics were selected to 
evaluate scientific output and classify the 
researchers involved. For the purpose of 
exemplifying the effect of these metrics, a group 
of professors, who are also researchers, was 
selected from a Brazilian graduate course in 
Agricultural Engineering, evaluated with a score 
6 out of 7 by CAPES, from the area of Agrarian 
Sciences I. The  professors were selected by 
the criterion of being registered in the Google 
Scholar (GS) database. In this case, 14 were 
selected, out of 26 permanent professors who 
are the faculty of the graduate program studied 
as an example of the proposed methodology.

Through the GS platform, all papers 
published by these professors were consulted in 

scientific journals from 2015 to 2018. The H-Index 
of each professor was also obtained directly 
from the GS database, considering scientific 
output up to 2018. The number of citations of 
each of the published papers was also obtained.

As the GS database includes other 
publications, such as congress papers, 
dissertations, theses, books and other forms of 
scientific output, these were disregarded, since 
CAPES only counts papers in scientific journals. 
Duplicated papers and incoherent attribution of 
papers to a given researcher were excluded. For 
the cases of multiple authors, only the first was 
considered.

Besides GS, two other platforms were used 
to evaluate the score of each of the papers 
published by the group of professors, namely, 
Qualis and Journal of Citation Reports. For 
the former, the CAPES Sucupira platform was 
consulted with data referring to the most recent 
available four-year period, 2013-2016 (CAPES 
2019). For the latter, the journal impact factor 
from 2017 was used through the Journal Citation 
Reports (or JIF) index, which is available through 
the ISI Web of Knowledge platform (UC San 
Diego 2019).

The Qualis, impact factor and number of 
citations were determined for each of the papers 
considered. In order to improve the evaluation 
of professors, a new metric was proposed to 
reduce the inconsistencies obtained using 
citations alone (Hutchins et al. 2011, Duffy 
et al. 2011). The metric known as secondary 
citations, i.e. citations of citations, was also 
used. This new metric was employed to reduce 
possible inconsistencies arising from the use 
of traditional citations only, as this is obtained 
by counting the citations of the papers, which 
cited the papers being evaluated. Secondary 
citations would be a kind of “second derivative 
of citations” when making an analogy with the 
Taylor series (Berry et al. 2015).
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The Taylor series is represented by Eq. 1. 
This equation defines the relation between the 
discrete time values of the time function f(t) 
sampled at t = kT, ( )

0
nf  denotes the value of the 

nth derivative of f at t=0 (Khan & Ohba 1999).

( ) ( ) ( ) ( ) ( )
2

1 2
0 0 02! !

= + + +…+
n

n
k o
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f f kTf f f
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Taylor series approximations accurately 
describe the behavior of functions (Wang et 
al. 2016). Thus, the Secondary citations metric 
proposition is an analogy with the Second-Order 
Taylor-Series Expansion (Li & Deng 2016). In 
analogy with the Taylor Series, we are proposing 
that the valuation of scientific production 
does not depend on citations alone, which 
would be in analogy with the Taylor series, the 
first derivative of scientific production. We are 
proposing that citations of citations be included 
as an additional indicator that allows the in-
depth evaluation of scientific production.

With Secondary citations, we are proposing 
a new metric to estimate the quality of citations, 
since the papers that gave rise to the most cited 
citations tend to be more relevant. Thus, the 
calculation procedure for estimating secondary 
citations consists of adding up all citations 
obtained by the papers that cited each of the 
researcher’s articles investigated.

In order to exemplify the relevance of the 
new metric citations of citation, we are proposing 
an analysis of a simple case: Professor “x” had 
a paper with one citation and that citation had 
one citation. On the other hand, professor “y” 
had a paper as well, with only one citation, but 
that citation had 100 citations. It seems that 
professor’s “y” paper tend to be more relevant 
due to the fact pointed by that new metric, the 
citations of citation

To evaluate the Qualis system, the score 
obtained by each professor was initially 
calculated with the following metrics:

i. Qualis score; 
ii. JIF score;
iii. Citation score;
iv. Secondary citation score; and
v. H-Index score.

The Qualis score (sQ) was calculated by 
summing the score of each paper, assigning 
scores to the seven strata of the Qualis system, 
that is 1.00 point for journals classified as A1, 
0.85 for A2, 0.70 for B1, 0.55 for B2, 0.40 for B3, 
0.25 for B4 and 0.10 for B5 (CAPES 2017). 

The JIF score (sJIF) was defined as the sum 
of the impact factors of the 2017 journals 
corresponding to each of the published papers 
(Bar-Ilan 2009). Citation score (sc) was calculated 
as the sum of the number of citations of the 
published papers (Thelwall & Kousha 2017). 
Secondary citation score (scs) was obtained by 
summing the citations of papers’ citation of 
each of the papers published by the professors, 
according to the GS database. The H-Index score 
(sHI) assigned to the researchers was equal to 
their H-Index (Harzing & Van der Wal 2009).

Figure 1 illustrates the procedure adopted 
to obtain the score of each professor through 
the five metrics proposed. The three databases 
consulted are in red; in yellow, we find the data 
obtained after consulting these databases for 
each paper referring to a certain professor. The 
mathematical process of the sum for assigning 
the score is shown in green. Finally, the scores 
referring to: JIF score, Qualis score, Secondary 
citations score, Citations score and H-Index 
score are in blue.

Initially, the evaluation of the scientific 
output was carried out using the five metrics 
that can also be denominated as mono criteria, 
shown in blue, in Figure 1. Each of the five metrics 
was applied individually, and the scores were 
attributed for each professor, which normalized 
all the results. Therefore, the maximum score for 
each of the metrics was set to be equal to 100%.
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Next, multi-criteria methods were applied 
based on the five metrics described. For such, 
three combinations of these criteria were 
created, with different weights (wi). The score for 
each professor (wmulti) is defined by:

= + + + +Q JIF ci csHI
mult i Q JCR ci fH csmax max max max max

Q JIF ci HI cs

s s s ssw w w w w w
s s s s s

 (2)

When max
Qs , max

JIFs , max
cis , max

HIs  and max
css  are the 

maximum scores obtained for the professor 
with the best evaluation in each criterion, for 
example, max

Qs  is the score for the professor with 
the highest Qualis Score. Three multi-criteria 
were defined based on Eq. 2. The three have the 
five metrics in common, and different weights 
were adopted for each of the metrics to create 
the three methods. The sum of the weights WQ, 
WJCR, Wci, WHI and WCS was limited to the unit. 

Finally, the correlation among the scores 
obtained for each of the mono criteria and multi-
criteria used was calculated. Correlation was 
calculated among the matrices expressing the 

scores obtained for each professor. Correlation 
ci,j was calculated using the expression below:

( )( )
( ) ( )

, 22

− −
=

− −

∑
∑ ∑

i i j j
i j

i i j j

x x y y
c

x x y y
 (3)

Where represents the criterion correlated 
with. Besides, ∧i jx y  indicates the means of the 
matrices. As five mono criteria and three multi-
criteria were evaluated, which totals 8 criteria,we 
have: [ ]

,
1.8

∈
Ni j , with ≠i j  i.e., we evaluated 56 

correlations.

RESULTS AND DISCUSSION
To exemplify the effect of proposing new metrics 
for improving the Qualis system of journal 
classification, papers by 14 professors in a 
Brazilian graduate program were consulted in 
the Google Scholar (GS) database, for the period 
from 2015 to 2018. This basis was consulted 
because it allows easy individual access to 
scientific production through the profile of each 
professor in GS. In the results, only papers in 

Figure 1. Flowchart of the data collection process for the five metrics proposed for evaluating Brazilian graduate 
programs.
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scientific journals were considered. We found 
286 papers.

We also verified the authorship of the papers 
and the existence of duplicates. Therefore, the 
inconsistencies of the GS platform, listed in 
the works of Adriaanse & Rensleigh (2013) and 
Haddaway et al. (2015), were overcome. It should 
be emphasized that a different database could 
have been chosen, which would provide similar 
results.

The input data history for the scoring 
metrics for each professor is represented as pi,. 
Where p1 indicates the professor with the highest 
Qualis score, and p14 indicates the professor with 
the lowest score. The cumulative results for the 
score obtained from 2015 to 2018 following the 
rules of Qualis, JIF, citations (Cit.) and secondary 
citations (Cit. Sec.) can be found in Table II. Table 
II also shows the H-Index up to the year of the 
sample studied.

Based on the data in Table II and the 
H-Index, the scores for each of the five metrics, 
calculated and standardized at 100% are shown 
in Figure 2. This methodology was proposed 
and applied to a study sample to evaluate 

any discrepancies among the results obtained 
according to each criterion, which facilitates the 
comparison among the results of the different 
metrics.

In Figure 2, the discrepancy between the 
scores obtained using the Qualis and JIF criteria 
is evident for the case in which professor p1 
scores more than p2 in relation to Qualis, while 
in terms of JIF, professor p2 obtains practically 
twice the p1 score. This discrepancy leads us to 
conclude that the Qualis system overestimates 
journals with low or even no International impact 
factor. The fact that professor p2 obtains higher 
scores for all other criteria further reinforces 
our hypothesis. The existence of zero scores is 
also evident in three criteria for three professors 
in the sample.

Table III was prepared to better explain 
the distribution of the output scores of the 14 
professors in the period analyzed by four of the 
mono criteria in the seven Qualis strata. 

In Table III, the higher Qualis total scores for 
papers classified as B1 is evident, i.e. about 62.67%, 
but when we analyze the same stratum in terms 
of JIF score, we corroborate the overvaluation of 

Table II. Input data for professor metrics from graduate program rated 6 out of 7 from 2015 to 2018, cumulative 
score history and H-Index until 2018.

Qualis Score JIF Score Cit. Score Sec. Cit. Score H-Index

p1 31.75 39.74 72 88 14 
p2 29.35 73.56 198 613 26 
p3 23.05 6.46 32 11 11
p4 22.30 15.10 69 139 13
p5 20.60 14.79 80 96 19
p6 19.35 46.97 41 113 14
p7 10.20 15.38 52 183 12
p8 7.55 10.05 22 67 13
p9 5.45 1.29 6 0 2
p10 4.70 3.38 0 0 20
p11 3.00 0.77 5 2 3
p12 3.10 0.62 4 1 2
p13 2.50 5.11 7 23 10
p14 1.40 0.00 2 0 1
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Figure 2. Scores obtained using the Qualis, JIF, Citation, Secondary Citations and H-Index criteria for evaluating 
Brazilian postgraduate program.

Table III. Total Qualis score, JIF, Citations and Secondary Citations for the sample for the different Qualis strata, 
referring to the 2015 to 2018 period.

Qualis Stratum A1 A2 B1 B2 B3 B4 B5

Qualis

Unit values 1.00 0.85 0.70 0.55 0.40 0.25 0.10

Number of papers 29 18 165 15 32 5 22

Total score 
(Score %)

29.00 
(15.74)

15.30 
(8.30)

115.50
(62.67)

8.25
(4.48)

12.80
(6.95)

1.25
(0.68)

2.20
(1.19)

JIF

Total score
(Score %)

124.98
(54.46)

26.58
(11.58)

69.12
(30.12)

7.63
(3.32)

0.39
(0.17)

0.23
(0.10)

0.56
(0.25)

% of “0” JIF score 0.00 5.56 29.09 53.33 96.88 80.00 90.91

Mean JIF/paper 4.31 1.48 0.42 0.51 0.01 0.05 0.03

Citations

Total score
(Score %)

86.00
(15.01)

67.00
(11.69)

339.00
(59.16)

24.00
(4.19)

20.00
(3.49)

9.00
(1.57)

28.00
(4.89)

% of “0” Citations 41.38 44.44 55.15 46.67 68.75 20.00 54.55

Citations /paper 2.97 3.72 2.05 1.60 0.63 1.80 1.27

Secondary 
Citations

Total score
(Score %)

151.00
(11.38)

209.00
(15.75)

856.00
(64.51)

37.00
(2.79)

4.00
(0.30)

1.00
(0.08)

69.00
(5.20)

% of “0” Sec. Cit. 51.72 61.11 71.52 46.67 93.75 80.00 90.91

Sec. Cit. /paper 5.21 3.76 5.19 2.46 0.13 0.20 6.90

papers classified in lower Qualis strata, which 
is 30.12%. Other discrepancies are more evident 
in the lower strata of the Qualis system. The 
percentage of papers with zero JIF score rises 
drastically, which indicates low relevance of the 

journals classified in these strata. The stratum 
that receives the highest score for citations and 
secondary citations is that of papers classified as 
B1, but it is emphasized that this phenomenon 
occurs in case of citations by the amount of 
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papers, since the number of citations per paper 
is decreasing in the first five strata. For secondary 
citations, the highest score per paper was 
obtained in stratum B5, which is a contradiction. 
Again, the need for multi-criteria is emphasized 
in order to prevent incorrect assessment.

Further in-depth analysis of the data shown 
in Table III reveals that the use of individual 
mono criteria may limit the classification of 
programs and/or researchers or lead to serious 
evaluation errors. Thus, this study also assessed 
the use of multi-criteria presented along with 
the five previous mono criteria in Table IV.

Table IV summarizes the five mono criteria 
and the three multi-criteria. The three multi-
criteria weights 80%, 60% and 20% for Qualis, and 
the remaining weights are equally distributed 
for the other four mono criteria considered. 
These weights were used throughout the 
simulations proposed in the study. The different 
weights proposed were thus determined as an 
alternative to provide a transition from Qualis 
alone as mono criteria to a multi-criteria system.

The first two multi-criteria shown in Table V 
were proposed to enable a transition from the 
current evaluation system of graduate programs 
based only on the Qualis Score toward a more 
comprehensive evaluation, according to the five 
mono criteria.

This transition could take place over a 
period, say eight years, with four years for 
each of the initial multi-criteria to facilitate 

accommodation of the scientific output 
strategies of the professors involved. With this 
transition, characterized by the reduction of 
weight  and consequent increase of the others, 
the evaluation criterion of graduate programs 
is expected to become fairer and more efficient 
over time, since it is based on a multi-criteria 
system, without abandoning, however, the 
system in effect, i.e. Qualis.

After this period, the third multi-criteria 
would enter into effect, which proposes a 20% 
weighted evaluation for each mono criterion. 
It is also believed that Qualis has its value 
because many Latin American journals, primarily 
published in Portuguese and Spanish, obtained 
regional relevance, despite their coverage area.

Of course, there are other mono criteria that 
could be counted in the metrics for classifying 
a group of professors, including: (i) the G-index, 
calculated based on the distribution of citations 
received by an author (Egghe 2006) and (ii ) the 
i10-index, in which i refers to the number of 
papers with at least 10 citations (López-Cózar et 
al. 2014). It is believed that the use of the four 
metrics to evaluate graduate programs according 
to citations, plus Qualis, already considers 
the G-index and i10-index score. Thus, we 
consider that the dimensions of the evaluation 
considered are simple, comprehensive and 
direct enough to indicate quality classification 
with lower probability of error.

Table IV. Weights for classifying productivity for mono criteria and multicriteria.

Mono criterion Multicriteria
Name Qualis JIF Cit. Sec. Cit. H-index Qualis 80% Qualis 60% All 20%

Wq 1.00 0.00 0.00 0.00 0.00 0.80 0.60 0.20
WJIF 0.00 1.00 0.00 0.00 0.00 0.05 0.10 0.20
Wci 0.00 0.00 1.00 0.00 0.00 0.05 0.10 0.20
Wsc 0.00 0.00 0.00 1.00 0.00 0.05 0.10 0.20
WfH 0.00 0.00 0.00 0.00 1.00 0.05 0.10 0.20

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table V presents the results of the 
classification of the group of professors studied 
for each of the eight criteria. In this case,it is 
clear that those professors who had research 
published in journals of greater international 
relevance were more valued, that is, they 
occupied higher positions, as their scores were 
calculated using the proposed multi-criteria. 
The results found are in line with the academic 
environment and recent literature, as the Qualis 
system has been strongly criticized for being 
a subjective method of journal evaluation. In 
other words,  subjectivity results in a significant 
discrepancy with international metrics (Kellner 
2017, Gabardo et al. 2018).

Highlighted in blue in Table V, we have 
professor p2, the best evaluated in all proposed 
mono criteria methods, except Qualis, where he 
occupies the second position. Thus, by applying 
the multi-criteria methods, the academic 
performance of this professor can be better 
evaluated. The same process occurs for p7 and 
p13, highlighted in yellow and red, since in these 

cases, their evaluations were improved by 
multi-criteria methods. In the case of professors 
such as p3, the application of multi-criteria 
undervalues their assessment because they 
have fewer scores in 4 out of the five proposed 
mono criteria.

Table VI presents the results of the 
correlations between the evaluation criteria 
considered, calculated by Eq. 3. The variation 
of the correlations between the metrics ranged 
from 0.584 to 0.994. In Table VI, it can also be seen 
that the means of the correlations of the Qualis 
metric with the others occupies an intermediate 
value among the other metrics. Therefore, it 
can be said that there is a correlation between 
Qualis and the proposed metrics. As citations 
are a metric that serves as the basis for other 
metric indicators, it is evident that the mean 
correlation of this metric is the highest among 
the mono-criteria cases. However, similarly to 
other metrics, citations have some limitations, 
and can be even subdivided into positive, neutral 
or negative (Tahamtan & Bornmann 2018). It can 

Table V. Productivity ratings for the study sample, according to the 8 established criteria.

Qualis JIF Citation Sec. Cit. H-index Qualis 80% Qualis 60% All 20%

p1 p2 p2 p2 p2 p2 p2 p2

p2 p6 p5 p7 p10 p1 p1 p1

p3 p1 p1 p4 p5 p4 p4 p6

p4 p7 p4 p6 p6 p3 p5 p5

p5 p4 p7 p5 p1 p5 p6 p4

p6 p5 p6 p1 p4 p6 p3 p7

p7 p3 p3 p8 p8 p7 p7 p3

p8 p8 p8 p13 p7 p8 p8 p8

p9 p13 p13 p3 p3 p10 p10 p10

p10 p10 p9 p11 p13 p9 p9 p13

p11 p9 p11 p12 p11 p13 p13 p9

p12 p11 p12 p9 p12 p11 p11 p11

p13 p12 p14 p14 p9 p12 p12 p12

p14 p14 p10 p10 p14 p14 p14 p14
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be concluded that the correlation between the 
three multi-criteria methods decreases as the 
participation of the Qualis system is reduced, 
and in the case with the lowest correlation, all 
20%, it is observed that the correlation is higher, 
if compared with any mono criterion methods, 
i.e. 0.905.

In Table VII, JIF was considered as the basis for 
calculating the Qualis for the sample studied. Thus, 
it is evident that the Qualis system overestimated 
the papers with the worst classification in its 
stratum. For example, to fit the Qualis system 
score in relation to JIF, we would have to reduce 
the scores of strata B3 and B4 by approximately 
133 and 25 times, respectively. We have the 
discrepancies between the scores by the Qualis 
and JIF systems, which indicates that, according 
to the JIF, the B2 stratum should be better valued 
than B1, and that strata B4 and B5 should be better 
valued than B3 for the sample studied. 

CONCLUSIONS
In the results presented, the subjectivity of 
the classification of the Qualis system was 
demonstrated for the sample of supervisors and 
professors of a graduate program in Agricultural 
Sciences I, evaluated with a score of 6 out of 
7. This can be proved by the overvaluation of 
journals with impact factor (JIF) equal to zero. 

It was also demonstrated that the publications 
classified in the two lower strata of Qualis, i.e. 
B4 and B5 are more relevant than B3, which 
contradicts what the Qualis system establishes, 
in view of JIF.

All mono criteria used have their qualities 
and limitations. Using the number of citations 
to evaluate the quality of a paper is a good 
indicator, but it has two basic limitations, 
namely, the age of the paper, since the number 
of citations depends on the date of the 
publication, and the fact that papers may be 
cited not for their relevance, but because they 
may have a disputed concept or vision of a given 
subject. Using JIF as a metric for evaluating 
researchers is very important because it is 
an objective global indicator. In  other words, 
unlike Qualis, JIF can be obtained through a 
mathematical equation. There are some flaws 
in using JIF as an indicator to evaluate papers 
because the system considers journals rather 
than papers individually. The H-index is a good 
indicator of individual productivity, but it can 
also be questioned because it depends on the 
length of the researcher’s career.

A new metric was proposed, secondary 
citations, i.e. citation of the citations of the 
papers investigated, as a method of mitigating 
the possible disadvantages of the previous 
metrics. We can emphasize an advantage of the 

Table VI. Linear correlation between the ranking lists obtained by the 8 classification criteria.

Criterion Qualis JIF Cit. Sec. Cit. H-index
Qualis
80%

Qualis
60%

All
20%

Qualis - 0.763 0.782 0.584 0.646 0.994 0.973 0.858
JIF 0.763 - 0.866 0.851 0.680 0.816 0.866 0.929
Cit.  0.782 0.866 - 0.944 0.733 0.838 0.892 0.962

Cit. Sec. 0.584 0.851 0.944 - 0.677 0.662 0.745 0.894
H-index 0.646 0.680 0.733 0.677 - 0.700 0.754 0.833

Qualis 80% 0.994 0.816 0.838 0.662 0.700 - 0.992 0.908
Qualis 60% 0.973 0.866 0.892 0.745 0.754 0.992 - 0.953

All 20% 0.858 0.929 0.962 0.894 0.833 0.908 0.953 -
Mean 0.800 0.824 0.860 0.765 0.718 0.844 0.882 0.905
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metric, which is that it allows the assessment 
of the impact of the papers that originally 
cited the evaluated paper, that is, it allows the 
assessment of the real impact or contribution to 
the scientific community. Thus, when analyzing 
citations of citations, the intention is to deepen 
the results obtained by evaluating the chain of 
citations received by a paper, that is to evaluate 
not only the citations received, but the citation 
of citations received. It must be pointed out that 
a limitation of the secondary citations, as well 
as the citations, is the time of publication of the 
paper, since recent studies generally have fewer 
citations. Still about the importance of using the 
criteria citations and secondary citations is the 
analogy of the Taylor series to explain one given 
mathematical expression, where they represent 
the first and second derivative.

It was proposed that the assessment of 
Brazilian graduate programs, traditionally 
carried out using the Qualis system, should be 
performed through the multi-criteria system 
proposed in this study. The use of multi-criteria 
methods allows fairer evaluation by considering 
several metrics together and minimizing any 
failures or questionable points of the individual 
application of a mono criterion alone. Therefore, 
the Qualis system evaluates scientific output 
only through the classification of the journal, 
while it is also proposed the evaluation of the 
indicators of the paper itself and the researcher, 
through citations and the H-Index.

Finally, there is a growing need for the 
improvement of the Qualis system, the tool 
used for the assessment of the productivity of 

graduate programs, which produce most of the 
Brazilian scientific output. Thus, it is proposed 
that this system give rise to a multi-criteria 
evaluation process that includes Qualis, JIF, 
citation, secondary citation and H-Index. It is 
also suggested that this transition be made over 
several years to objectify metrics that are fairer 
to the Brazilian scientific community.

Databases other than those consulted in 
this study could be used with similar results. 
The Google Scholar database was consulted as 
the primary source of data for evaluating the 
scientific output of a group of professors, due 
to its operational simplicity, comprehensiveness 
and for being an open platform. Thus, the results 
could even undergo significant changes if other 
databases were adopted. The present paper 
presented a methodology aimed at improving 
the evaluation system of Brazilian graduate 
programs. The results obtained for the sample 
used exemplify the deficiencies of the current 
system, which is exclusively based on Qualis.

The results of this study have some 
limitations, as a group of professors was used 
as an example of application of the proposed 
methodology. The replication of the methodology 
for other groups of professors of other graduate 
programs could support the improvements to 
the proposed method. As a final limitation, 
inherent to any metric indicators, which do 
not individually evaluate the content of each 
paper, inconsistencies are likely to occur, since 
scientific output is not considered in its content 
but in indirect measures, here known as metrics.

Table VII. Ratio between the Qualis score and JIF score for the sample.

Classification A1 A2 B1 B2 B3 B4 B5

Current Score, Qualis 1.000 0.850 0.700 0.550 0.400 0.250 0.100

Proposed Score, JIF 1.000 0.340 0.090 0.120 0.003 0.010 0.006

Ratio 1.000 2.500 7.778 4.583 133.333 25.000 16.667
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