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Introduccion: el objetivo es evaluar mediante el indice h la productivi-
dad cientifica de investigadores de la Universidad de Guadalajara (UDG)
que pertenecen al Sistema Nacional de Investigadores (SNI), en el area
de Medicina y Ciencias de la Salud.

Métodos: investigadores de la UDG fueron seleccionados del archivo
Investigadores Vigentes 2013 del sitio web del SNI. La productividad
cientifica de aquellos registrados en el area de Medicina y Ciencias de
la Salud y en Biologia y Quimica se evalué con el indice h calculado por
la base de datos Scopus. Del mismo archivo se seleccion6 una mues-
tra de investigadores Eméritos y de aquellos laborando en instituciones
capitalinas para realizar el mismo procedimiento y comparar resultados.
Resultados: en el SNI, 711 investigadores pertenecieron a la UDG, de
los cuales 67.2 % fueron SNI nivel I, y en menor proporcién nivel Il y Il1.
Solo 24.2 % de ellos, se clasificaron en las areas de Medicina y Ciencias
de la Salud y Biologia y Quimica. El indice h promedio de investigadores
nivel |, Il y lll en Medicina y Ciencias de la Salud fue 5.4, 10.5 y 14.5,
respectivamente. Los investigadores capitalinos y Eméritos tuvieron un
indice h promedio de 23.4 y 19.8 respectivamente.

Conclusion: el indice h permite medir cuantitativa y cualitativamente
la productividad cientifica de los investigadores, evitando sesgo en pro-
cesos de evaluacion. Se propone su uso en futuras evaluaciones de
los miembros del SNI y para médicos que se inscriban a la Academia
Nacional de Medicina.
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he most common parameters used to assess a

researcher’s performance are the number of

papers, the rate of citations per paper, and the
impact factor (IF) of the scientific journals where these
papers are published.

The IF of any given journal depends on the number
of citations obtained by the papers published therein
during the last two years. Thus, the higher the number
of citations, the higher is the impact factor of the jour-
nal.! Nevertheless, one limitation of this evaluation
parameter is that a scientific paper could be accepted
to be published in a high-IF journal, but that does not
guarantee a high number of citations. For example,
one of the most widely-known journals worldwide,
Nature, through a self-analysis of its 2005 impact fac-
tor, noticed that only 25% of their papers were widely
cited to reach its high-IF.2 Conversely, papers publis-
hed in low-IF journals could have a higher number of
citations than those published in high-IF journals.

In 1984, the Federal Government established, via
the CONACYT (acronym in spanish for the Natio-
nal Council for Science and Technology), a national
researcher organization known as the SNI (Sistema
Nacional de Investigadores) in order to recognize and
support the work of Mexican scientists.> Within the
SNI, there are different categories: candidate, levels
ranging from I to III and the distinction of Emeritus
scientist. The SNI also has seven different fields of
knowledge: 1. Physics-Mathematics and Earth Scien-
ces (PMES), 2. Biology and Chemistry (BC), 3. Medi-
cine and Health Sciences (MHS), 4. Humanities and
Behavioral Sciences (HBS), 5. Social Sciences (SS),
6. Biotechnology and Agricultural Sciences (BAS), 7.
Engineering (ENG).

Each one has a peer-reviewer committee which
assesses the scientific output of the researcher who
requests accreditation. Both MHS and BC fields have
similar evaluation process, in which the number of
papers published in indexed journals and the number
of citations are paramount.
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Background: The objective is to evaluate by the h
index the scientific output of researchers from the Uni-
versity of Guadalajara who belong to the SNI in the
field of Medicine and Health Sciences.

Methods: Researchers from the University of Guada-
lajara were selected from the Active SNI Researchers
2013 file. The scientific output of researchers in the
fields of Medicine/Health Sciences and Biology/Che-
mistry was evaluated using the h index estimated by
the Scopus website. A sample of capital researchers
and Emeritus scientists was taken to perform the same
procedure and compare data.

Results: The total number of researchers in the Uni-
versity of Guadalajara who are members of the SNI

was 711, of which 67.2 % were level | and in less pro-
portion were level Il and Ill. Only 24.2 % of them were
classified in the fields of Medicine/Health Sciences
and Biology/Chemistry. The average h index value of
researchers level |, Il and Il in Medicine/Health Scien-
ces field was 5.4, 10.5 and 14.5, respectively. Capital
and Emeritus scientists had an average h index of 23.4
and 19.8, respectively.

Conclusion: The h index measures the quantity and
quality of the scientific output and it also avoids bias
in the evaluation process. It should be useful for future
evaluations of the SNI members and for medical doc-
tors who sign up for the National Academy of Medi-
cine.

Abstract

Consequences of evaluations based largely on the
number of publications in indexed journals are the
excessive amount of co-authors and the high number
of papers with a low number of citations and impact.
Given these circumstances, in 2005 physicist Jorge E.
Hirsch proposed the /4 index, or Hirsch index,* which
measures objectively the direct impact of a researcher’s
work, both quantitatively and qualitatively.*>

A scientist’s / index is calculated based on his/her
number of papers and the number of citations for each
one.* For example, a researcher could have 10, 20 or 50
papers, but if none of the papers is cited, the / index will
be “0”. On the other hand, if a researcher has only one
paper but with at least one citation, the /# index will be
1; 2 papers with two citations each, / index = 2, and so
on. This evaluation allows a more objective assessment
of a researcher’s work since there is a balance between
quantity and quality of his/her scientific output.

Furthermore, 20 years ago, a public policy media-
ted by the CONACYT was to decentralize the scien-
tific research from Mexico, Distrito Federal (Capital
city) to other states of the country. Given this situa-
tion, a new stage for the University of Guadalajara
(UG) began with the founding of new thematic cam-
puses, research teams and the development of novel
graduate programs.® During this period, the number
of UG researchers in the SNI classified in the fields
of MHS and BC rose from less than a dozen to over
a hundred. Such an exponential growth prompted this
study aimed to evaluate by the % index the scientific
output of UG researchers belonging to the SNI and
grouped in the MHS and BC fields. For comparison,
a small sample of SNI level III researchers located in
Mexico, D.F. and Emeritus scientists was also studied.

Methods

A descriptive cross-sectional study was conducted. The
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electronic file Active Researchers 2013 was downloa-
ded in December 2013 from the SNI web page (http://
www.conacyt.mx/index.php/el-conacyt/sistema-
nacional-de-investigadores). Researchers from the UG
were selected and first described by total number of
candidates and SNI levels I, II and III, researchers per
SNI’s knowledge fields and per UG campuses

Since the aim of this study was to evaluate the
h index mainly in the field of Medicine and Health
Sciences, we focused on analyzing the researchers
from two campuses of the UG, as well as those regis-
tered in two SNI’s knowledge fields. In the group of
researchers from the UG (candidates were not con-
sidered), two selections were conducted. In the first
stage of analysis, researchers who work at the Health
Sciences Campus (CUCS) and the Biological and
Agricultural Sciences Campus (CUCBA) were selec-
ted and for the second stage, only those researchers
classified in MHS or BC SNI’s field were analyzed.
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Figure 1 Candidates and SNI members in the University of Guadalajara
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A small sample of Emeritus scientists as well as
SNI level III researchers located in Mexico, D.F.,
“capital researchers”, was randomly taken also from
the file mentioned above in order to later compare data
obtained. In all cases, the Scopus database from Else-
vier was used to examine the total number of papers,
citations and h index for each researcher.

The Scopus database nearly retrieves the total
amount of research papers of the scientists (since it
excludes non-index journals), regardless of the initial
period of his/her scientific productivity. Nevertheless,
it includes and calculates the citations and % index,
respectively, since 1996 onwards.

Given that the majority of researchers with SNI
level III (UG and capital researchers) and Emeritus
scientists are of older age than those with level I or I,
their / index was re-calculated. For this estimation, the
total number of papers with its citations reported by
Scopus starting at the beginning of each researcher’s
productivity was examined.

For the statistical analysis qualitative variables
were analyzed with frequencies and percentages and
quantitative variables with average and ranges.

Results
The total number of researchers from the UG registe-
red in the SNI 2013 database was 711. As shown in

figure 1, SNI members with level I (67.2%) prevail
over the levels II (12.7%) and III (3.8%).

180

Figure 2 shows the percentage of researchers regis-
tered in each of the SNI’s knowledge fields, where
researchers evaluated by the Humanities and Behavio-
ral Sciences (24%) as well as the Social Sciences com-
missions (23.1%) are predominant. They are followed
by researchers in the fields of Medicine and Health
Sciences (14.5%) and Engineering (11.8%). These
researchers are distributed throughout the fifteen the-
matic campuses of the UG and other Research Centers
as shown in figure 3.

When researchers from CUCS and CUCBA were
evaluated in the first stage of the analysis, it was
noteworthy that they were registered not only in MHS
and BC fields, but also in other SNI’s knowledge
fields. Thus, table I depicts the number of resear-
chers in each one of these knowledge fields, their SNI
level as well as the average of papers published in the
indexed journals, citations and / index.

Table II describes UG researchers per SNI level
along with their average number and range of papers,
citations and % index, of those registered in the SNI’s
knowledge fields of BC (n = 53) and MHS (n = 88).

While the average number of papers, citations and
h index of researchers with SNI level I in both areas
is similar, the average value of these same parameters
is higher in researchers with SNI level II in the area
of MHS (55 vs. 26.3, 473 vs. 245 and 10.5 vs. 8.3 res-
pectively). Researchers with SNI level III in the field
of MHS had in average, 94 papers, 759.6 citations and
h index of 14.5; in the BC field, there were no UG
researchers with SNI level II1.
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Figure 2 Candidates and SNI members per knowledge field PMES, Physics-Mathematics and Earth Sciences; BC,
Biology and Chemistry; MHS, Medicine and Health Sciences; HBS, Humanities and Behavioral Sciences; SS, Social
Sciences; BAS, Biotechnology and Agricultural Sciences; ENG, Engineering
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Figure 3 Researchers per UG campus CUCSH, Centro Universitario de Ciencias Sociales y Humanidades; CUCEI,
Centro Universitario de Ciencias Exactas e Ingenierias; CUCS, Centro Universitario de Ciencias de la salud; CUCBA,
Centro Universitario de Ciencias Biologicas y Agropecuarias; CUCEA, Centro Universitario de Ciencias Econémico
Administrativas; CUCIENEGA, Centro Universitario de la Ciénega; CULAGOS, Centro Universitario de los Lagos;
CUAAD, Centro Universitario de Arte, Arquitectura y Disefio; CUCOSTA, Centro Universitario de la Costa; CUVALLE,
Centro Universitario del Valle; CUCOSTASUR, Centro Universitario de la Costa Sur; CUSUR, Centro Universitario
del Sur; CUALTOS, Centro Universitario de los Altos; CUNORTE, Centro Universitario del Norte; CUTONALA, Centro
Universitario de Tonala; Otros (Centro de Estudios e Investigacion en comportamiento, Centro de Investigacion en
Ciencias Sociales, Centro de Investigacion y Ensefianza Cinematograficas, Coordinacion General de Sistemas para la
Innovacion del Aprendizaje, Facultad de Ciencias, Instituto de Estudios Econémicos Regionales, Instituto en Madera
Celulosa y Papel Ing. Karl A. Grellmann)

Globally, the scientific output in terms of average range of Emeritus scientists was similar to that of level
number of papers and citations was lower in the UG  III UG researchers (16-25 vs. 10-21) but lower than
researchers with SNI level III registered in the field that of capital researchers (16-25 vs. 11-38) as shown
of MHS, compared to the SNI level III capital resear-  in table IIl. However, these parameters were not eva-
chers and Emeritus scientists. However, the /# index luated by age or certain time.

Table | Scientific productivity of researchers per knowledge field from CUCS and CUCBA campuses

Researchers BC MHS HBS SS BAS
SNl level n = 154 n=28 n=77 n=20 n=10 n=19

1 122 27 60 14 6 15

2 21 1 8 5 4 3

3 11 0 9 1 0 1

Papers* - 21.9 17.2 29.5 14.1 10.1 13
Citations™ - 188.6 163.8 271.4 80.7 28.9 86.6
hindex* - 6 5.8 7.3 4.1 2.2 4.7

*Mean. SNI = Sistema Nacional de Investigadores; BC = Biology and Chemistry; MHS = Medicine and Health Sciences;
HBS = Humanities and Behavioral Sciences; SS = Social Sciences; BAS = Biotechnology and Agricultural Sciences
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Table Il Scientific productivity of researchers from the University of Guadalajara in two SNI's knowledge fields

Researchers Papers Citations h Index
SNI
level n X Range X Range X Range
1 50 16.4 4-38 137.9 9-949 55 2-11
Biology and 2 3 26.3 20-39 245 122-382 8.3 6-10
Chemistry
3 0 - - - - - -
Medicine and 1 72 16 3-31 133.7 1-1067 5.4 0-15
Health 2 7 55 21-85 473 139-870 10.5 7-15
Sciences 3 9 94 73-154 759.6 360-1435 14.5 10-21

SNI = Sistema Nacional de Investigadores

Discussion and conclusions

In the last fifteen years, the growth of research in the
UG has been focused on the development of graduate
programs, research teams and the incorporation of
graduate alumni as young researchers. Furthermore,
many professors who were already employees at the
UG had the opportunity to pursue a graduate degree
and ascend to a higher level of research productivity.
In conjunction, this could explain why most of the UG
researchers are SNI level I and in less amount levels
IT or III. Regarding the distribution of researchers in
cach of the SNI’s knowledge fields, most of them are
registered in the fields of Humanities and Behavioral
Sciences and Social Sciences. These are followed by
the fields of Medicine and Health Sciences, Enginee-
ring, Physics-Mathematics and Earth Sciences, Bio-
logy and Chemistry and Biotechnology and finally,
Agricultural Sciences.

The UG has thematic campuses which offer a
variety of academic degrees related with each of the
SNI’s knowledge fields. These campuses are genera-
1ly located in the Metropolitan area of Jalisco (City of
Guadalajara and surrounding municipalities) but some
of them are in smaller towns throughout the state.

Actually, the fact that most researchers included in
this study work in the Metropolitan campuses appears
to indicate that the development of researchers who
work in remote campuses is still a challenge.

According to the SNI’s knowledge fields, it was
observed that among researchers who work at CUCS
and CUCBA the scientific output of scientists in the
field of MHS was the highest as measured by the ave-
rage number of papers in indexed journals, number of
citations and / index, followed by those registered in
the fields of BC, HBS, BAS and SS.

In the evaluation of UG researchers registered in
MHS and BC fields, the scientific output of resear-
chers SNI level I, IT and IIT was higher in MHS than
in BC. In the MHS field, the average papers/citation
relationship was 16/133.7, 55/473 and 94/759.° for
those with SNI level I, IT and III respectively, indi-
cating that on average researchers have (regardless of
their SNI level) 8 citations per paper. Also in this field,
the average / index of researchers with SNI level I is
5.4, and for those who are level II or 111, it is 10.5 and
14.5 respectively. A study carried out by Romero ef al.
evaluated the % index of SNI scientists in the field of
material sciences, finding an average / index of 4.48
for those with SNI level I, whereas it was of 6.77 in
SNI level IT and 12.77 in SNI level I11.7

Currently, the number of papers and citations are

Table Il Scientific productivity of capital researchers with SNI level 11l and

Emeritus scientists

Researchers Papers Citations h Index

n X Range X Range X Range
Capital
researchers 14 140.2 49-216 2301.1 262-6969 23.4 11-38
Emeritus
scientists 10 1615 106-302 1486.5 864-2265 19.8 16-25

SNI = Sistema Nacional de Investigadores
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essentially the basic parameters that are taken into
account in the SNI’s evaluation committees. That
these parameters do not reflect the quality of each
paper, is mirrored by the range of the # index among
the researchers of the MHS field regardless of their
level. For example, there are researchers with SNI
level I or IT who achieve an / index of 15 while some
researchers with SNI level III have an /4 index of 10.
This shows that if the SNI’s evaluation committees
use the /2 index as an evaluation parameter, the / index
mean values obtained in this study could be taken as
benchmarks for the evaluation of each SNI category.

Rev Med Inst Mex Seguro Soc. 2015;53(6):716-21
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We propose an % index of 5 to achieve the SNI
level I, and for levels II and III an /4 index of 10 and
14-15 respectively. With this approach, the % index
would then encourage researchers to produce more
high quality papers instead of many papers with little
impact in the international literature.

The average number of papers among the resear-
chers with SNI level III from the UG (MHS field),
capital researchers, and Emeritus scientists followed
an upward increase: 94, 140.2 and 161.5 papers, res-
pectively. Nevertheless, this pattern was not observed
with their average of citations and % index. For exam-
ple, the 4 index of capital researchers with SNI level
III ranged from 11 to 38 while for Emeritus scientists
and researchers with SNI level III from the UG (MHS
field) ranged from 16 to 25 and 10 to 21, respectively.
Again, we assume that the number of papers and cita-
tions leads to bias in the evaluation process, which
could be avoided if only the /4 index is used as a fra-
mework which integrates both qualitative and quanti-
tative aspects.’

Thus, in Mexico, the SNI could expect an % index
of at least 15 for national researchers with SNI level
III, while for the Emeritus scientists an / index of
20-25 should be required.

Hirsch indicates that an /# index of 20 characteri-
zes a successful researcher after 20 years of scientific
work while an / index of 40 would describe scientists
who have won a Nobel Prize or are leaders at univer-
sities or laboratories. Finally, an /4 index of 60 would
characterize exceptional researchers* or those who
work in consolidated research groups whose outputs
impact in quality and quantity. In these situations, it
is even possible to find researchers who achieve an /2
index up to 100.

Although bibliometric databases as Scopus and
Google Scholar differ on how they measure papers,
citations and / index reported for each researcher,? it

has been concluded that despite their differences and
limitations, these are effective tools for researchers in
Health Sciences.’ Nevertheless, such limitations could
be overcome through the recording of papers and cita-
tions of each researcher in the course of their working
lives.

The A index is increasingly being used as a parame-
ter of quantity and quality of scientific output. It also
is considered for admission and promotion of resear-
chers within research groups, scientific associations or
medical schools at an international level. For example,
researchers from the Brazilian Academy of Sciences
in the categories of Biomedical, Health and Chemical
sciences have an average 4 index of 23, 20 and 19 res-
pectively.!? In Mexico, this has not been implemen-
ted. However, the use of the / index in conjunction
with the 110-index from Google Scholar (which indi-
cates the number of papers an author has published
that have at least ten citations) has been suggested to
be used as a requirement for admission to medical
associations like the National Academy of Medicine
and/or to the Sistema Nacional de Investigadores in
Mexico.'!

One outstanding issue regarding the evaluation of
the scientific output among the members of the Natio-
nal Academy of Medicine is the qualitative aspect.
This parameter is often vague and subjective, thus
leading to injustice or dissatisfaction in the career of
researchers, which in turn favors simulation and delu-
sion behaviors. More openness and analysis are requi-
red to satisfactorily resolve these issues for the future
generations of researchers.
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