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Introduction

With the growing demand for inputs for scientific research
funding, it is necessary to establish mechanisms for assessing
academic and scientific quality as a way to honor individuals
and institutions capable of producing cutting-edge research,
thus ensuring a profitable investment of research funding
agencies’. In this new scenario, traditional peer evaluation
reveals weaknesses inherent in the subjective and corporatist
aspects of academic productivity evaluation. Qualitative and
quantitative indexes of evaluation should be added to it, seen
by many as more reproducible and less subject to personal
biases?. The number of publications, citations and average
citations per paper published, taken separately, are traditional
bibliometric indices that are flawed because they do not depict
the combined information from papers with their relevant
citations®. The traditional assessment of the number of papers
published, initially widely accepted and used, is no longer
sufficient as a means of assessing researchers’ scientific strength.
The quality of publications is now seen as a distinguising feature.
Therefore, evaluating the interest aroused by the paper or the
line of research within the scientific community is emphasized.
This factor reflects the number of citations to a particular paper.

Assessing the quality of journals, used as a means of
disseminating scientific research, has been employed in
our field as a form of analysis of post-graduate programs,
generating the well-known Qualis list of the Coordenagao de
Aperfeigoamento de Pessoal de Nivel Superior (Department of
Higher Education Personnel Improvement - CAPES). Qualis is
a set of procedures designed to meet the specific needs of the
evaluation system, which provides a list with a ranking of those
media used by post-graduate programs for dissemination of
production. Qualis measures the quality of papers and other
types of production, by analyzing the quality of advertising
media, i.e., scientific journals and conference proceedings.
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The media that disseminate the intellectual output of post-
post-graduate programs (masters’ and doctors’) are ranked
as A1, A2, B1, B2, B3, B4, B5 and C, from cut-off values of
impact caused by the journal*.

Described in 2005 by Jorge E. Hirsch as a tool to determine
the relative quality of papers produced by theoretical
physicists, the H index has become widely used in scientific
circles as a way of measuring researchers’ productivity and
impact. It was even incorporated into the Lattes Platform of the
Brazilian Council of Scientific and Technological Development
(CNPq)°. In this article, we discuss the impact factor as a
means of assessing scientific journals and H index as a way
of assessing researchers. Other bibliometric indexes will not
be addressed in this paper, but it should be noted that only
the impact factor and H index alone may not be sufficient to
accomplish the task of evaluating journals, articles and authors.

Impact factor

Proposed by Eugene Garfield in 1955°, the Impact Factor
(IF) started to be used as a tool for assessing the quality of
publications in the sixties and later used as a criterion for
selection of journals to be indexed by the Science Citation
Index (SCI). Since then, the IF has established itself as a means
of assessing journals at various levels. It is calculated annually
by the Institute for Scientific Information/Thompson Scientific
Reuters for those journals indexed in its database, and it is
published by the Journal Citations Reports (JCR)’.

Today, authors consider the IF value to select the journal
that would give greater visibility to their paper. Librarians
consider the IF a parameter for the selection of titles of
greater scientific interest, which therefore should be part of
the scientific collections of institutions. In parallel, editors pay
close attention to the IF of journals, aware of the importance of
this index as a factor of influence in fundraising and attraction
of quality papers to be published. In funding agencies, those
responsible for developing the scientific policies also use this
index to select researchers and institutions of higher merit,
which would best meet the demands of institutions.

To calculate the IF of a journal in a given year, the number
of citations received in that year from articles published in
that journal over the two previous years is divided by the
number of articles published by that journal during the same
period (Table 1)’

Therefore, the impact factor is effective in evaluating the
quality of a journal and is not, however, useful in analyzing
the scientific quality of a single article, of a researcher or
an institution®1°,
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Calculating the impact factor of the journal Circulation in

2009
o . " Number of
Year of publication Articles published citations in 2009
2007 670 11,420
2008 607 7,500
2007 + 2008 1,277 18,920

Impact factor: 18,920 + 1,277 = 14,816. Source: Journal Citation Reports.

Variables that may alter the IF calculation

To calculate the IF of the JCR, only original manuscripts and
review articles are considered. Letters to the editor or editorials
are not included in the denominator of the calculation. On
the other hand, they may be cited; therefore, are considered
in the numerator of the IF calculation. Journals such as Nature
or Science, which publish many articles that are not strictly
scientific, may have its IF inflated because of that bias'".

Another bias that influences the calculation of the impact
factor relates to the different fields of knowledge, or even sub-
fields. The number of references cited per article (density of
citations) may be quite different, for example, articles about
exact sciences, which have lower-density citations than those
related to health sciences. That partly explains why the IFs
of health science journals are, in average, much higher than
exact science journals, such as mathematics'.

The IF published annually by the JCR, by taking into
account only the citations of a journal over two consecutive
years, tends to benefit those journals dealing with fields whose
pace of knowledge updating is rather fast. Thus, the citation of
articles occurs immediately after its publication, creating a bias
of increased IF. Fields such as biological or exact sciences tend
to have a higher IF than those whose knowledge production
takes place at a slower pace, like social sciences or humanities.

H Index

This index was initially proposed by Jorge E. Hirsch for
qualitative evaluation of physics researchers'. It quickely
gained prominence in other disciplines, and is now widely
used as a means of assessing the impact of individual
researchers. Many authors consider it not only the safest
way to measure researchers’ scientific quality, but also a
good tool for assessing regular production and forecasting
its future scientific performance, as it combines productivity
and impact''*. The H index of a researcher is defined as the
number of articles published by the researcher, whose citations
are greater than or equal to that number. For example, when
we say that the H index of a researcher is ten, it means that
he has at least ten articles published, each with at least ten
citations. The greater the number of articles of great interest
published by the researcher, the greater the number of
citations achieved, and the greater his H index, reflecting
the academic and scientific quality of the researcher and
his production capacity. However, only the total number of
articles, for example, may hide the lack of relevance of each
text in isolation. We can thus say that the H index is the result

of the balance between the number of publications and the
number of citations. Jorge Hirsch compared the H factor with
other indexes commonly used to analyze the scientific output
of a researcher, summarized in Table 2.

Hirsch himself argues that individuals with similar H indexes
are also comparable in terms of scientific impact, even when
the number of articles or total number of citations from both is
very different. In contrast, when we compare two individuals
(of the same scientific age), with equal numbers of publications
or citations, and very different H indexes, the one with the
highest H index is probably a more talented researcher.
However, like any simplistic attempt to categorize or classify
the production of a researcher by a single number, the H index
is far from being perfect and faces several criticisms'®. Among
these, besides the usual ones according to which one cannot
characterize a researcher by a number, are: self-citation'”,
the lack of distinction between active and inactive scientists,
dependence of scientific age, differences between areas, sex,
etc. Some variants have been proposed to overcome these
disadvantages such as, for example, the M index, which allows
comparing scientific careers of different times's. Dodson™
believes that the index underestimates by about 30% to 50%
the actual number of citations and proposes the E index, which
helps estimating the citations of papers not covered by the
H index, i.e., the citations of papers published after that one
corresponding to the H index'.

Calculation of H Index

Currently, the database Web of Science of ISI/Thompson
Scientific Reuters automatically calculates the H index of
researchers. For this purpose, we must enter the “name of
the citation” of the author in the appropriate space of the
research platform and wait for articles and their citations to be
generated. If there is a homonym author, any articles that were
not written by the researcher concerned should be excluded.
Afterwards, just click on the appropriate icon (“Create Citation
Report”) to obtain the H-index, as well as the total number
of citations and average citations per article®. An interesting
alternative to calculate this and many other indexes would

Advantages and disadvantages of other scientific
production indexes

Parameter Advantage Disadvantage

Does not measure the
importance or impact of
articles

Total number of articles Measures productivity

Measures the total impact Inflated by a small number

Total number of citations of the researcher  of articles of high visibility*

Privileges low productivity
and penalizes high
productivity

Allows comparing

Citations per article scientists of different ages

Eliminates the
disadvantages of the
previous criteria and gives
an idea of broad and
sustained impact.

Arbitrary evaluation
and favors or unfavors
individuals at random;

Needs adjustment for age.

Number of items of high
visibility

* May not represent those individuals who are co-authors with several other
authors in the articles.
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be using the computer program called “Publish or Perish”,
available on the web: http://www.harzing.com/pop.htm.The
program uses the website “Google Scholar” to retrieve and
analyze academic citations. We can also manually calculate the
H index. For that, we should sort out the papers by number
of citations, starting with the one with a greater number of
citations. The H index of a particular author is the number of
the numeric sequence of papers whose number of citations
equals to or is greater than the rank of the sequence?'. Here
is an example. If a researcher has the following sequence
of articles published: article 1 - 17 citations; article 2 - 16
citations; article 3 - 14 citations; article 4 - 10 citations; article
5 - five citations; article 6 - three citations; article 7 - two
citations. This author has an H index of five, because five is
the point in the sequence where the numbers of citations
equal the number of the paper. Some authors emphasize
that the H index, when taken in absolute terms, cannot be
used to compare researchers from different fields*>. A H index
considered good in a given field may neither be as good as it is
in that field nor be considered bad in other fields. In general,
the highest H index values are found among researchers
working with life sciences.

Closing remarks

Getting familiar with some bibliometric indexes has become
extremely important for researchers who rely on inputs for
research and often are evaluated with these bibliometric
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tools?*. Each of these bibliometric indexes has limitations.
Using some of these indexes in a combined manner represents
the fairest and most legitimate form. Despite the subjectivity,
peer reviews are still valuable, whether in the evaluation of
researchers who apply for academic positions, or even in the
editorial evaluation of scientific papers. None of the qualitative
and quantitative indexes, as good as they may be, is sufficiently
accurate to be used in isolation. The combination of some
these indexes associated with peer review is certainly the best
way to carry out an objective evaluation. Finally, it is important
to keep in mind that the task of judging, either the scientific
reputation of researchers, or the eligibility of institutions as
a recipient of funds, should always strive for fairness and
accuracy of assessments, thus avoiding irreparable mistakes.
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