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ABSTRACT

The publication of scientific research is principally information published in sci-
entific journals and they are cornerstone of knowledge dissemination, as well as
an essential criterion for academic and scientific evaluation, recruiting funds and
career progression. However, it is very difficult to apply right measures and scien-
tific criteria which can objectively assess scientific research. For many years there
has been a great interest in scientific ranking and evaluation of scientific journals,
but also of scientific contribution of scientists. It is generally accepted that the IF
(WoS) and the total number of citations of articles published in the journal, are the
most relevant parameters of the journal's significance. However, the scientific sig-
nificance of a scientist is much more complicated to evaluate and the value of their
scientific production cannot be directly reflected by the importance of the journals
in which their articles are published.

The majority of existing science metric systems, which evaluate the achievement
of scientists are focused solely on the number of citations of their articles. Based
on a long term of academic experience, the author describes and evaluates the
most known scientific databases which are used in biomedical sciences. Also, the
author proposes Z-score as a new science metric system which takes into account
the current IF (WoS) and total number of citations of the journal in which the ar-
ticle is published, as well as author’s contribution to the scientific article. In that
way, proposed criteria greatly remedy major discrepancies in evaluating scientific
production of individual authors and institutions.

Keywords: science metrics systems, scientific impact factor, Z-score, number of
citations, author contribution.
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Society invests significant resources in biomed-
ical research, seeking for ways to improve hu-
man health. However, the efficiency of society’s
investments in biomedical research, in terms of
improved health outcomes, has not been fully
confirmed. Social and scientific importance and
the quality of scientific research highly depend
on the usefulness of the research results. The
scarcity of scientific research funds and the ten-
dency to direct the funds towards high-quality
research accentuates the importance of mea-
suring and assessing the quality of research and
knowledge valorization. However, it is very dif-
ficult to apply the right measures and scientific
criteria which can objectively assess scientific
research 3.

The product of scientific research is principally
information published in scientific journals and
they are cornerstone of knowledge dissemina-
tion, as well as an essential criterion for academ-
ic and scientific evaluation, recruiting funds and
career progression +5. It is true that, beside eval-
uation of scientific publications, there is a wide
range of other scientific activities which also re-
flect scientific credibility such as 5:

« number and quality of extramural grants,

« leadership in national or international aca-

demic societies,

« service on editorial boards of respected

journals,

« service on government sponsored national

peer review committees,
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« the number of PhD students delivered,
« the amount of coverage of one's scientific
output in the lay press, etc.

Although, those activities are important and
give certain significance to the scientific cred-
ibility of a scientist, the relevant science met-
rics systems only cover publications, and omit
other criteria of scientific relevance, which are
typically used in judging promotions and ten-
ure of scientists. The reason for this is the fact
that these activities, regardless of their impor-
tance, are very heterogeneous since each of them
has specific characteristics and requires differ-
ent parameters for evaluation. Hence, for these
parameters of scientific relevance there are no
universal evaluation criteria and their value is
mainly assessed individually depending on the
purpose of the assessment *©.

1. The ranking of scientists and scientific journals
For many years there has been a great interest
in scientific ranking and evaluation of scientif-
ic journals, but also of scientific contribution of
scientists. The most known scientific databases
which are used in biomedical sciences are:
Current Contents (CC)

«  Web of Science (WoS)

« Journal Citation Reports (JCR)

« Index Medicus, Medline, PubMed

« Excerpta Medica (EMBASE)

e Scopus,
« Schoolar,
+ H-index

Most of those scientific bases (except for Scopus,
Scholar, H-index and WoS which rank scientists)
present and rank scientific journals only.

1.1. Current Contents (CC)

Current Contents is a platform for Clarivate Ana-
lytics (formerly Thomson Reuters). It is the most
appreciated database that is usually available
through the Web of Science. The reasons for its
popularity are the relatively high journal selec-
tion criteria, its coverage of all areas of science,
the update frequency, the author's summary, the
author's address, the names and addresses of
the publisher, and its ability to review the con-
tent of a particular issue of the journal. Current
Contents is published in seven following sec-
tions (each containing more than 1000 sources):
« Current Contents / Agriculture, Biology &

Environmental Sciences
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» Current Contents / Arts & Humanities

« Current Contents / Clinical Medicine

» Current Contents / Engineering, Computing
& Technology

« Current Contents / Life Sciences

« Current Contents / Physical, Chemical &
Earth Sciences

« Current Contents / Social & Behavioral Sci-
ences

Through above noted seven sections Current
Contents covers all areas of science. Most bio-
medical journals are included in the Current
Contents/Clinical Medicine section, but some
biomedical journals are classified under the sec-
tions of Current Contents/Life Sciences and Cur-
rent Contents/Social & Behavioral Sciences >°.

1.2. Web of Science (WoS)

The Web of Science is a platform for Clarivate

Analytics, which provides access to quoted data-

bases covering all areas of science. The platform

contains more than 33,000 indexed journals and

nearly one billion records of quoted references,

and includes articles, conference proceedings,

reports, patents, and more. The following data-

bases are available through the Web of Science

interface 57:

« Science Citation Index Expanded

» Social Sciences Citation Index

« Arts & Humanities Citation Index

« Emerging Sources Citation Index

« Book Citation Index - Science

« Book Citation Index - Social Sciences & Hu-
manities

« Conference Proceedings Citation Index- Sci-
ence

« Current Chemical Reactions

« ESCI Backfiles

» Index Chemicus

1.3. Journal Citation Reports (JCR)

On the basis of the data obtained from the cita-
tion databases (Science Citation Index and Social
Science Citation Index) Eugene Garfield created
a special statistical database and named it Jour-
nal Citation Reports (JCR). At the end of June
each year, Clarivate Analytics publishes the JCR
list for the previous year. Impact factor (IF) is a
quantitative aid for ranking, evaluating, catego-
rizing and comparison of the journals. IF is cal-
culated as an quotient when dividing the number
of citations received during the year that refer to
articles from the previous two years. It is gen-
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erally accepted that IF and the total number of
citations of all articles published in the journal
represent a relevant measure of their value and
scientific influence. For some domains, it is much
more relevant to have an IF for a 5-year period
rather than for a standard 2-year period 8°.

1.4. Index Medicus, Medline, PubMed

Index Medicus is the print version of the bib-
liographic citation database of the National Li-
brary of Medicine, and MEDLINE is its online
counterpart. PubMed is an online database that
provides access to citations in MEDLINE as well
as those from additional life sciences journals.
MEDLINE and PubMed are among the most
popular and widely used literature databases for
health care professionals. Nearly 4500 journals
are indexed in MEDLINE, and even more are in-
dexed in PubMed *.

1.5 Excerpta Medica (EMBASE)

Embase is a highly versatile, multipurpose and
up-to-date biomedical research database. Pro-
duced by Elsevier, it covers the most important
international biomedical literature containing
over 32 million records from over 8,500 cur-
rently published journals from 1947 to the pres-
ent. Embase's international coverage expands
across biomedical journals from 95 countries
and is available through a number of database
vendors °.

1.6. Scopus

Scopus is a quotation database that indexes
sources from all over the world, and includes
more than 69 million records for 21,950 reviewed
journals, 280 trade journals from almost all
fields of science, more than 560 series of books,
8 million conference proceedings and more than
39 million patents (Wikipedia).

1.7. H-index

Almost all relevant scintimetric indexes which
evaluate the achievement of scientists are focused
on the number of citations of their articles. The
best-known scintimetric system which assesses
the individual scientific contribution of scientists
is the so-called H-index which is calculated as
the lowest ranked article which number of cita-
tions matches its ranking number (for example, a
scientist whose H-index is 10 must have at least
10 articles which have 10 or more citations).

However, H-index has considerable shortcom-
ings because the system is based solely on the
evaluation of the number of individual article ci-

tations. Therefore, H-index obviously favors old-
er articles which are available for quotation for
a longer time, and negatively impacts on assess-
ment of scientific value of new articles and scien-
tific production of perspective scientists. Besides,
H-index does not take into account the individu-
al contribution of each author in an evaluated ar-
ticle, since according to H-index all authors of an
article are treated as equal. Hence, H-index does
not tackle the ever-present problem of expand-
ing author lists with authors whose contribution
may be minute or none 2,

1.8. Other scientific database

There are several other databases such as: Goo-
gle Schoolar, PageRank index; Altmetrics; g-in-
dex; e-index; i-index; total publications; total
number of citations etc %134,

2. Does Zerem-score bring improvements?

The existence of such a large number of science
metric systems shows that there is no perfect
scientific metric index that accurately measures
the scientific contribution of scientists and sci-
entific journals. It is generally accepted that the
IF (WoS) and the total number of citations of ar-
ticles published in the journal, are the most rel-
evant parameters of the journal's significance.
The scientific significance of a scientist is much
more complicated to evaluate than that of a sci-
entific journal, since the scientific production
value cannot be directly reflected by the impor-
tance of the journal in which the article is pub-
lished s.

As a director for scientific research in the in-
stitution where I used to work every year I was
in charge of annual assessment of the employ-
ees' scientific contribution. At the beginning,
it seemed like a simple job. The scientific con-
tribution was ranked on the basis of IF of the
journal in which the article was published.
However, some authors had published more ar-
ticles throughout the year. There were different
types of articles which were published in jour-
nals indexed in different scientific bases. Also,
those articles were new, therefore they had not
been cited by other authors. It is known that, the
number of citations of a particular article, as the
relevant measure of the value of that article, has
its limitations since it requires excessive time
lag and gives advantage to older articles of simi-
lar quality. Furthermore, the contribution of all
the authors in a scientific article is usually not
the same. Therefore, it is very difficult to apply
the right measures and scientific criteria which



can objectively assess a new scientific research
and provide precise qualitative and quantitative
data on which new articles could be evaluated.
Based on the long term experience, I was pro-
posing the new criteria (named Z-score) which
can objectively estimate the scientific effect of
scientists and institutions. The Z-score criteria
have been published in the Journal of Biomedi-
cal Informatics 5 =15,

According to the Z-score criteria the overall sci-
entific score of an author is calculated as the sum
of two scores (author contribution score-ACoS
and author citation contribution score-ACCS).
ACoS is calculated as the scientific value of the

CONCLUSIONS

Whether scientists like it or not, the societal
impact of their research is an increasingly im-
portant factor in their academic and scientific
evaluation, recruiting public funds for scientific
research and career progression [5]. This has
always been the case, but current trends in sci-
entific and academic community increasingly
emphasize the need to improve criteria and es-
tablish measures that can objectively assess the
societal impact of research and would provide
better qualitative and quantitative data which
will enable the societal and scientific community
to objectively assess the value of scientists and
scientific research. This is especially important
in developing countries where a complex inter-
relation between politics and the academic com-
munity significantly impacts on the process of
acquisition of scientific and academic titles 5.

However, it is very difficult to apply right mea-
sures and scientific criteria which can objective-
ly assess scientific research, providing precise
qualitative and quantitative data on which fund-
ing agencies could base their decisions. The exis-
tence of a large number of science metric systems
shows that there is no perfect scientific metric
index that can accurately measure the scientific
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journal in which an article is published and the
authors' specific contribution in this article.
ACCS is calculated as the scientific values of the
particular article expressed through the num-
ber of quotations that this article has received
and the authors' specific contribution in the ar-
ticle. In order to successfully apply and calculate
Z-score, we have created the adequate computer
software - Z-score calculator, which encompass-
es all the parameters described in the proposed
criteria. Also, Z-score calculator is designed to
be compatible with all browsers and it is capable
of automatic collection of data once linked to a
browser 5 15.

contribution of scientists and scientific journals.
It is true that the current science metric systems
have multiple shortcomings and are not ideal for
an objective assessment of scientific research and
the scientists' significance. However, without the
introduction and application of internationally
recognized scientific criteria in the evaluation of
scientific research, and the coordination of aca-
demic progress in accordance with these criteria,
there is room left for the decision makers with-
in the academic community to lower the criteria
margin to the level which they subjectively con-
sider relevant, without complying with the inter-
nationally recognized criteria. Therefore, the ap-
plication of internationally recognized scientific
criteria in the evaluation of scientific research is
necessary and these criteria should be constant-
ly improved. I consider Z-score criteria sustain-
able and capable of objective estimation of the
scientific effect of scientists and institutions. I
hope this article contributes to the discussion
about science metric systems, raising questions
and motivating the expression of different view-
points with the intention to improve science met-
ric systems and make them more objective and
competent in the complex process of evaluating
scientific production in biomedical research.
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