PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Millones-Gomez PA, Yangali-Vicente JS,
Arispe-Alburqueque CM, Rivera-Lozada O, Calla-
Vasquez KM, Calla-Poma RD, et al. (2021)
Research policies and scientific production: A
study of 94 Peruvian universities. PLoS ONE 16(5):
€0252410. https://doi.org/10.1371/journal.
pone.0252410

Editor: Isabel Novo-Corti, Universidade da Coruna,
SPAIN

Received: December 22, 2020
Accepted: May 17, 2021
Published: May 28, 2021

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0252410

Copyright: © 2021 Millones-Gomez et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The data underlying
the results presented in the study are available
from: SUNEDU: https://www.sunedu.gob.pe/

RESEARCH ARTICLE
Research policies and scientific production: A
study of 94 Peruvian universities

Pablo Alejandro Millones-Gémez®'?*, Judith Soledad Yangali-Vicente', Claudia
Milagros Arispe-Alburqueque', Oriana Rivera-Lozada®, Kriss Melody Calla-Vasquez'+*,
Roger Damaso Calla-Poma?, Margarita Fe Requena-Mendizabal?, Carlos Alberto Minchén-
Medina®

1 Postgraduate School, Universidad Norbert Wiener, Lima, Perd, 2 Faculty of Dentistry, Universidad
Nacional Mayor de San Marcos, Lima, Perd, 3 South American Center for Education and Research in Public
Health, Universidad Norbert Wiener, Lima, Pert, 4 Universidad San Ignacio de Loyola, Lima, Peru, 5 Faculty
of Physical Sciences and Mathematics, Department of Statistics, Universidad Nacional de Truijillo, Truijillo,
Perd

* pablodent @hotmail.com

Abstract

Studies of research policies and scientific production are essential for strengthening educa-
tional systems and achieving objectives such as quality improvement. The aim of this study
was to evaluate the influence of research policies on the scientific production of public and
private Peruvian universities. An observational, descriptive, secondary analysis study of the
research policies of 92 universities and two graduate schools licensed by the National
Superintendence of Higher Education of Peru (SUNEDU) was conducted for the period
from 2016—2020. Scientific publications from educational institutions were collected from
Scopus and Web of Science for the study period, and researchers certified by the National
Council of Science and Technology of Peru (CONCYTEC) were divided by group and level.
Multiple regression analysis was performed using two models. The analysis indicated that
research policies did not influence scientific production in Scopus or Web of Science in
either 2019 or 2020 (Model I) but that type of management (p < 0.01), number of National
Scientific, Technological, and Technological Innovation Registry (RENACYT) researchers
(p <0.001) and 2016 scientific production (p < 0.001) did influence production when these
variables were incorporated into the model (Model Il). However, time of licensing and man-
agement type had no effects. The number of research policies implemented by Peruvian
universities and licensed graduate schools was not large. Therefore, it is recommended that
project funding policies, research training, and research collaboration be strengthened and
that the management capacity of research centers and institutes be increased.

Introduction

In the 19th century, England was the main country where the first universities emerged, and
universities also began to emerge in countries of the European continent and the United States
under the humanist model of Von Humboldt. During the 20th century in Latin America,
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science and research were incorporated into universities. In the early 1900s in Peru, reforms
began at the National University of San Antonio Abad in Cuzco and at the National University
of San Marcos in Lima. These reforms laid the foundations for what are currently considered
fundamental functions of academia in university law [1]. Scientific research is an essential
function of Peruvian universities according to University Law N° 30220 [2]; in this law, the
university is defined as a “research and teaching-oriented community,” where research can
transform and improve teaching processes and generate knowledge [3] and thus contribute to
economic development, social development, and the implementation of public policies in the
country [4]. This conception represents a paradigmatic change in which science, without los-
ing its rigor, becomes accessible to the public and contributes to a critical, reflective, and
upright citizenry that, despite living under varying exogenous factors, composes a well-
informed society [5].

“The theory of human capital management supports the need to invest in the training of
people to increase productivity”; that is, the process of training highly qualified personnel in
scientific research is a substantial challenge for Latin American teachers [6]. Universities not
only produce knowledge through research but also have the duty to teach the next generation
of professionals and researchers. Strengthening the research capabilities of Peruvian universi-
ties is one strategy to increase scientific production. Additionally, universities often struggle to
balance academic objectives, such as providing quality training and committing to adopt poli-
cies and good research practices that promote a research culture [7].

In their strategies for promoting research, higher education institutions should consider
improvements in infrastructure, financial support for research, and the training of researchers
to generate quality research [8]. Furthermore, it is important to develop practices in the uni-
versity environment that allow the dissemination of research results; such dissemination of
knowledge will not only provide prestige to institutions because of their scientific production
but also generate recognition of universities as leaders and generators of new knowledge and
as institutions committed to research and innovation for the development of their countries
[9].

Research provides answers to scientific, technological, social, educational, and humanistic
questions. Thus, it is possible to develop a multidisciplinary vision that guides the training of
ethical and high-quality professionals according to national and international standards. Such
an approach can overcome any kind of difficulties since scientific production is an indicator
that allows evaluations of the scope of contributions to the development of knowledge [10, 11].

Research policies provide the necessary framework to effectively and efficiently guide the
management of research in higher-level educational institutions and study programs [8]. In
addition, these policies provide guidelines for budgets, mobility, infrastructure, strategic alli-
ances, and participation in research networks and research centers and institutes [12]. Vice
rectors of research are responsible for managing and promoting research policies in Peruvian
universities. These administrators are expected to have previous quantifiable research experi-
ence evidenced by publications in indexed journals and to have demonstrated their suitability
for the position [13]. Currently, as a result of the licensing process conducted by the National
Superintendence of Higher Education (Superintendencia Nacional de Educacion Superior
Universitaria—SUNEDU), universities require certain qualifications of their teachers, such as
publications and participation in management, science and technology projects, and scientific
events.

Scientific production at the doctoral level in the fields of health sciences and engineering
requires researchers’ ability to conduct research and generate new knowledge for both their
countries of origin and the countries where they studied [14]. In Latin American academic
society, a multiplicity of tasks and commitments coexist in higher education institutions that
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require academics and scientists to establish collaborations and networks [15]. Research col-
laboration has contributed to generating international university networks through strategic
alliances with prestigious entities [16], and these research networks have generated an increase
in scientific production through coauthorship in publications [17].

International collaboration is more efficient than individual work, increasing the potential
for publication in high-impact journals through joint research. Universities actively participate
as executors and promoters of different research activities; therefore, it is necessary for them to
strategically promote these types of policies [18]. Funding policies are also notable because
they impact scientific production, to the extent that funding has a positive effect on scientific
production [19]. Furthermore, policies related to improving and training human capital in
research are of utmost importance and should be implemented at the undergraduate level with
so-called research incubators, which should be formalized as spaces that generate debate, anal-
yses, and knowledge formation [20].

For these reasons, scientific production is a relevant topic for universities and an important
subject for analysis. There is still a marked difference between the scientific production of
“developing” and “developed” countries; this difference lies in aspects such as the absence of
investment, the insufficient allocation of state resources, and the low dissemination of univer-
sity production [21].

Scientific production in Latin American and Caribbean countries has grown substantially,
and Peru is no stranger to the processes of scientific production; however, efforts to achieve
scientific development are still insufficient, and Peru is ranked 73rd in the world and eighth in
Latin America in scientific production [22].

Current data provided by CONCYTEC [23] indicate that in Peru, only 0.10% of the GDP is
invested in research, which is much lower than that in other South American countries, such
as Brazil, and lower than the average for Latin America and the Caribbean (1.3 and 0.8, respec-
tively). Likewise, the country contributes only 1% of the scientific publications in the region
[24].

It is necessary to establish strategic alliances with the private sector to strengthen research
funding policies and increase scientific production in the country [25]. In addition, funding
promotes the training of human resources in research and provides monetary support for pub-
lications [26]. Additionally, salaries for research teachers, improvements in research infra-
structure, and payments to external consultants are associated with an increase in scientific
production in health sciences [27].

Previous studies have reported that policies related to research affect the scientific produc-
tion of and scientific publications by universities [4]. Having adequate research policies pro-
vides guidance for best scientific practices, allowing the creation of ecosystems that facilitate
the development of researchers and increase the scientific publication culture.

In Latin America, studies have revealed the importance of policies for scientific production.
In Peru, a publication modality was adopted as part of the public policies incentivizing scien-
tific research; however, according to recent bibliometric criteria, the levels of scientific produc-
tion are still incipient [28]. A growing trend in scientific production in Web of Science in Peru
and Ecuador was observed due to investment in research and development (R&D) [29]. In
licensed universities, scientific production in Scopus was analyzed using multiple linear regres-
sion applied to the number of research professors registered in the National Scientific, Techno-
logical, and Technological Innovation Registry (Registro Nacional Cientifico, Tecnolégico y
de Innovacion Tecnolégica—RENACYT) and the type of management.

The management of academic and business research includes the identification of lines of
research that direct the funds and technical efforts of groups dedicated to research, develop-
ment, and innovation (R&D&I) activities. In the decision-making process that guides this
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management, the opinions derived from the experiences and individual interests of research-
ers usually prevail over objective consultations with various sources that could provide infor-
mation to optimize this process. Moreover, lines of research are strategic organizational
subsystems employed by the research groups to guide their activities; these subsystems allow
the formation of teams of researchers who have similar concerns, interests, and needs in the
same field. Lines of research are also considered the guiding axes of research activity. Research
teams have theoretical support that allows the integration of knowledge and the continuity of
the work of a group of people and institutions committed to the development of knowledge in
a specific field [30].

Studies of research policies and scientific production are essential for strengthening educa-
tional systems and achieving objectives such as quality improvement. Therefore, this study
sought to evaluate the influence of research policies on the scientific production of Peruvian
public and private licensed universities using multiple regression models. Although we report
findings from Peruvian universities, we hope that our results are relevant to the field of scien-
tific production at the Latin American level.

Materials and methods

An observational, descriptive, secondary analysis of the research policies of 92 universities and
two graduate schools licensed by SUNEDU was conducted for the period from 2016-2020
(https://www.sunedu.gob.pe/lista-de-universidades-licenciadas). The scientific production of
educational institutions in Scopus and Web of Science during the study period was examined,
and researchers certified by the National Council of Science and Technology (http://renacyt.
concytec.gob.pe) were divided by group and level.

The research policies of universities and graduate schools were obtained from each institu-
tion’s licensing resolution. The selection and categorization of each research policy were per-
formed with consideration of the indicators established in Condition IV of the Regulations of
the Licensing Procedure for Public or Private Peruvian Universities of SUNEDU [9]. Policies
involving universities providing economic support to their teachers (project funding, special
bonuses for research professors, bonuses, and/or publication aid) were considered research
funding policies. Human capital policies were those seeking to strengthen the capacities of
teachers and students in educational activities (research incubators, recognition of human
resources involved in research, mobilization, and training in research). Research collaboration
policies were those that linked the university community with other domestic or foreign insti-
tutions in the development of research projects (agreements). Policies to promote research
centers and institutes were those that sought to group highly trained scientific personnel in
lines of research promoted by each institution.

Scientific production indicators were obtained from the Web of Science and Scopus plat-
forms. The search included studies published from 2016-2020, considering the authors’ affilia-
tions (original name and variants) with the institutions evaluated as search criteria. The
number, group, and level of researchers were searched in RENACYT, which classifies
researchers into two groups and different levels according to academic degree, production and
relevance of scientific knowledge and/or technology, development of research projects, and
training of human resources. The classification consists of two groups: “Maria Rostworowski,”
with three levels, and “Carlos Monge Medrano,” with four levels.

Scientific production and policies up to August 31, 2020, were considered.

The data analysis included the calculation of the descriptive statistics of the research policies
of the universities and licensed graduate schools, the scientific production of the universities
and the number of RENACYT researchers at the universities, which are presented in the tables,
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as well as the management type (national and private) and time of licensing as of August 30,
2020.

The influence of research policies on the scientific production of public and private Peru-
vian universities was evaluated using multiple linear regression models. The analysis was
performed using EViews, version 10, using the ordinary least squares method and robust esti-
mates of standard errors.

First, the models were evaluated to explain the number of RENACYT researchers in Peru-
vian universities and graduate schools as an indicator directly related to scientific production;
the first model (Model I) included the research policies implemented since 2016, and the sec-
ond (Model II) also included the type of management, licensing time, and scientific produc-
tion up to 2016 as explanatory or independent variables. Scientific production up to 2016 was
included as an independent variable because it represents the production of the universities
prior to the implementation of the policies under study authorized by the university law; it
constituted a “baseline” measurement of the dependent variable.

Second, the current scientific production, corresponding to 2019 and 2020 (still to be con-
cluded), was directly evaluated. Scientific production comprised the total publications of the
researchers in Scopus and Web of Science. For each year, two regression models were also esti-
mated. The first model (Model 1), as in the case of the number of RENACYT researchers,
included the research policies implemented since 2016, and the second model (Model II)
incorporated, in addition to the type of management, licensing time, and scientific production
up to 2016, the number of RENACYT researchers [31].

Results

The number of financial research policies implemented was not large. A maximum of six
research funding policies, eight human capital research policies, two research collaboration
policies, and seven policies promoting research centers and institutes were implemented, with
each university most frequently only implementing one of these policies (Table 1).

Not all universities and licensed graduate schools had researchers with publications in Rost-
worowski or Monge; most often, they did not have researchers at the indicated levels. How-
ever, there were universities with large numbers of researchers, such as Universidad Nacional
Mayor de San Marcos (454 researchers; 277 Rostworowski and 177 Monge), Pontificia Univer-
sidad Catolica del Pert (299 researchers; 131 Rostworowski and 168 Monge), Universidad Per-
uana Cayetano Heredia (183 researchers; 103 Rostworowski and 80 Monge), Universidad
Agraria la Molina (132 researchers; 88 Rostworowski and 44 Monge), and Universidad Nacio-
nal San Agustin (117 researchers, 83 Rostworowski and 34 Monge) (Table 2).

The scientific production of universities and graduate schools, on average, increased
between 2016 and 2019, and it is expected that in 2020, production will also have increased.
The universities with the greatest scientific production in this period were Universidad Per-
uana Cayetano Heredia (4057 articles; 2044 in Scopus and 2013 in Web of Science), Pontificia
Universidad Catolica del Peru (3650 articles; 2096 in Scopus and 1554 in Web of Science), and
Universidad Nacional Mayor de San Marcos (3587 articles; 1911 in Scopus and 2044 in Web
of Science) (Table 3).

The effect of research policies on the number of RENACYT researchers was examined.
Model I included only research policies, whereas Model IT included not only research policies
but also management type, licensing time (days), and 2016 scientific production.

The multiple regression analysis in Model I indicated that the number of RENACYT
researchers was not influenced by research policies. In Model II, which included management
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Table 1. Research policies of Peruvian universities and licensed graduate schools.

Statistical Indicators
Minimum Maximum Mean Median Mode SD
Research funding policies Project funding 1 2 1.02 1 1 0.15
Special bonuses for research professor 0 2 1.04 1 1 0.64
Bonuses and/or publication aid 0 2 1.18 1 1 0.66
Total 1 6 3.26 3 3 1.28
Human capital research policies | Research incubators 0 2 1.12 1 1 0.55
Recognition of human resources involved in research 0 2 0.98 1 1 0.61
Mobilization 0 2 1.15 1 1 0.64
Research training 0 2 1.14 1 1 0.50
Total 0 8 4.33 4 4 2.04
Research collaboration policies 0 2 1.05 1 1 0.49
Policies that promote research centers and institutes 0 7 1.35 1 1 1.23

SD, standard deviation.

Source: SUNEDU, Web of Science and Scopus.

https://doi.org/10.1371/journal.pone.0252410.t001

type (p < 0.05) and 2016 scientific production (p < 0.001), these factors explained the number
of researchers; licensing time did not have a significant effect (Table 4).

The effect of research policies on the number of RENACYT researchers was examined.
Model I included only research policies, whereas Model II included not only research policies
but also management type, licensing time (days), number of RENACYT researchers, and 2016
scientific production. With respect to the type of management, it was estimated that if the uni-
versities had implemented the same research policies, had the same licensing time and had the
same 2016 scientific production, then the national universities would have had 20.4 RENA-
CYT researchers more than the private universities. In addition, if the universities had imple-
mented the same research policies and had the same licensing time and type of management,
that is, with the other variables remaining constant, for each scientific publication as of 2016,
there would now be 0.4 RENACYT researchers.

Table 2. Number of RENACYT researchers from Peruvian universities and licensed graduate schools.

Statistical Indicators

Minimum Maximum Mean Median Mode SD
Rostworowski 0 277 16.87 6 0 35.86
I 0 206 12.04 4 0 25.87
I 0 29 1.81 0 0 4.36
111 0 46 3.02 1 0 6.60
Monge 0 177 9.55 1.5 0 26.80
I 0 21 0.80 0 0 3.12
11 0 45 1.60 0 0 5.76
111 0 95 4.48 1 0 13.60
v 0 35 2.68 0 0 5.75
RENACYT (CTI-Vitae) 0 454 26.43 7 0 61.33

SD, standard deviation.

Source: SUNEDU, Web of Science and Scopus.

https:/doi.org/10.1371/journal.pone.0252410.t002
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Table 3. Scientific production of Peruvian universities and licensed graduate schools.

Statistical Indicators
Minimum Maximum Mean Median Mode SD
Scopus 0 2096 168.03 36.5 0 384.02
2016 0 406 23.67 3 0 64.89
2017 0 438 28.89 4 0 75.28
2018 0 476 36.00 6 0 84.95
2019 0 560 48.94 12.5 0 102.58
2020 0 304 30.53 7.5 0 62.69
Web of Science 0 2013 97.72 19 0 311.87
2016 0 354 15.54 2 0 53.26
2017 0 513 19.46 2 0 70.29
2018 0 422 21.32 2 0 70.07
2019 0 496 26.66 6 0 80.17
2020 0 248 14.74 3 0 40.75

SD, standard deviation.
Source: SUNEDU, Web of Science and Scopus.

https://doi.org/10.1371/journal.pone.0252410.t003

Table 4. Influence of research policies on the number of RENACYT researchers in Peruvian universities and grad-

uate schools.
Number of RENACYT Researchers
Model I Model IT
Constant 27.32872 22.12887**
Research funding policies 6.35141 -3.01321
Human capital research policies -6.24782 -0.02434
Research collaboration policies 2.96133 1.19908
Policies that promote research centers and institutes 1.74220 -0.03207
Type of management® -20.37640*
Licensing time 0.00817
2016 Scientific production 0.43857***
R’ 0.00976 0.71123
R? adjusted 0.68773
F 0.21928 30.25933***
Estimation error 62.38672 34.2723
Akaike information criterion 11.29159 9.987817
Durbin-Watson statistic 2.14903 1.935249

N = 94. All regressions were performed with EViews 10.
*National = 0, private = 1.

*p < 0.05,

**p < 0.01,

*4p < 0.001.

Source: EViews 10.

https://doi.org/10.1371/journal.pone.0252410.1004
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Table 5. Influence of research policies on the scientific production of the universities and graduate schools in Peru in Scopus and Web of Science.

Number of Articles in Scopus and Web of Science
2019 2020

Model I Model IT Model I Model II
Constant 85.09582 -6.54326 53.43613 4.32716
Financial research policies 14.51836 -0.54093 6.33964 -0.20365
Human capital research policies -20.76523 -2.73190 -10.69629 -1.39945
Research collaboration policies 27.23967 11.87757 15.76258 6.05254
Policies that promote research centers and institutes 3.29996 4.19015 0.67694 1.34213
Type of management® 9.17855 11.77103
Licensing time 0.01216 -0.00343
Number of RENACYT researchers 0.77216*** 0.52969***
2016 Scientific production 1.10272*** 0.56297***
R? 0.01241 0.95689 0.01167 0.91567
R? adjusted -0.03198 0.95283 -0.03275 0.90773
F 0.27951 235.84490*** 0.26280 115.36080"**
Estimation error 178.38760 38.13673 100.25380 29.96676
Akaike information criterion 13.25752 10.21108 12.10501 9.72890
Durbin-Watson statistic 1.94132 2.22561 1.87048 1.86532

N = 94. All regressions were performed with EViews 10.

*National = 0, private = 1.
“p < 0.05,

“*p < 0.01,

***p < 0.001.

Source: EViews 10.

https://doi.org/10.1371/journal.pone.0252410.t005

Eliminating the terms that did not reach statistical significance in Model II yielded the esti-
mated reduced model:

irenacyt = 17.01436 — 15.85296 tg + 0.44644 swi6

(5.01295) #xx (6.98004) * (0.0320) s

where irenacyt is the number of RENACYT researchers, fg is management type and swi6 is the
scientific production in Scopus and Web of Science in 2016. The standard errors obtained are
in parentheses, and R = .0.70635, R* adjusted = 0.699892 and AIC = 9.898209. The robustness
in the presence of heteroscedasticity remained constant, and the sw16 coefficient retained the
same significance levels using the White, White-Hinkley and MacKinnon-White methods, but
the tg coefficient remained constant only with the White method.

Furthermore, the multiple regression analysis in Model I indicated that research policies
did not influence scientific production in Scopus and Web of Science in either 2019 or 2020.
In Model II, which incorporated number of RENACYT researchers (p < 0.001) and 2016 sci-
entific production (p < 0.001), these factors explained scientific production on the examined
databases; licensing time and management type were not significantly correlated with scientific
production (Table 5). Similar to the previous models, if the rest of the variables were to remain
constant, it was estimated that for each RENACYT researcher, there would be 0.87 publica-
tions in 2019 and 0.52 publications in 2020 (up to August 31, 2020), and that for each RENA-
CYT publication in 2016, there would be 1.1 publications in 2019 and 0.56 in 2020.
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The same as for the number of RENACYT researchers, for scientific production in Scopus
and Web of Science (sw), the elimination of the terms that did not reach statistical significance
in Model II led to the estimated reduced models:

sw19 = 16.30471 tg + 0.852510 irenacyt + 1.09721 swi6
(5.73021) #x* (0.11106) s+ (0.06132) sxx
sw20 = 14.69354 tg + 0.55275 irenacyt + 0.55247 swi16

(4.43190) *x (0.08590) sxx (0.04743) sxx

In both periods, 2019 and 2020, the elimination of the constant allowed the incorporation
of the type of management into the estimated multiple linear regression models, with coeffi-
cients of determination (R? values) of 0.95470 and 0.91414 and AIC values of 10.13297 and
9.61912, respectively. The levels of significance were maintained, with robust estimates of stan-
dard errors calculated by the White, White-Hinkley and MacKinnon-White methods.

Discussion

Scientific research is a fundamental pillar for human progression. Therefore, dedication from
authorities is required for the generation of new knowledge that can be applied for the benefit
of society. However, this strategic orientation may not be consistent with the research policies
of universities and licensed graduate schools in Peru. Regarding financial policies for research,
the study found that six policies have been implemented, including the funding of projects,
special bonuses for research professors, and bonuses and/or publication aid. This result con-
firms the finding by Aguado-Lopez and Becerril-Garcia [19] that there is an insufficient alloca-
tion of state resources to research, which affects the promotion of research, with subsequent
effects on infrastructure, financial support, and training [7, 17]. This result calls for synergistic
action by the state, companies, and society to implement a comprehensive sustainable develop-
ment policy. In particular, in the field of business, which corresponds to the private sector, the
university should play a more active role; that is, as an important aspect of social responsibility,
research should be supported.

Additionally, research policy related to human capital, such as research incubators, recogni-
tion of human resources involved in research, mobilization, and research training, with an
average implementation of four policies, constituted the most frequent policy type. This result
indicates, consistent with the perspective of Numa-Sanjuan and Delgado [18], that human cap-
ital research policies should focus on research incubators. Along the same lines, Barros-Basti-
das and Turpo-Gebera [6] agreed that the prioritization of investments in training human
resources increases productivity. While this is true, policies of this type are long term. How-
ever, the position of the National Superintendence of Higher Education (SUNEDU) toward
universities is broader, linking strategic and tactical aspects through institutional licensing
(2015) and facilitating formative research with basic and applied research developed by
research centers; that is, the strategy establishes links between research conducted in under-
graduate and graduate programs, a line of continuity that guarantees new pools of researchers
in this process. The implementation of this policy requires a financial policy to ensure the sus-
tainability of research projects over time, a decision that corresponds to the coordinated direc-
tion of CONCYTEC [23], public and private universities, and business organizations to
promote mobility based on the strategic guidelines of territorial planning established by
CEPLAN, which are fundamentally oriented to diversify the lines of research. From this
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perspective, as argued by Garcia et al. [15], it is important to promote mobility in the doctoral
and postdoctoral fields because they represent important strategic aspects to generate new
knowledge and improve scientific production, that is, investing in research training for first-
line personnel, as Barros-Bastidas and Turpo-Gebera [6] pointed out. In this sense, mobiliza-
tion and training constitute recognition for the contributions made by outstanding researchers
because, in this way, human capital is qualified through the assimilation of new knowledge.

Among the RENACYT researchers from universities and graduate schools with publica-
tions in Rostworowski and Monge by CONCYTEC [19], 703 researchers were affiliated with
state universities (UNMSM, Universidad Agraria, and Universidad San Agustin), and 482
researchers were affiliated with private universities (PUCP and Cayetano Heredia). That is, of
a total of 1185 RENACYT researchers, 59.32% were affiliated with national universities, and
40.68% were affiliated with private universities. However, in the national spectrum, not all uni-
versities and graduate schools had researchers with publications in Rostworowski and Monge.
As argued by Aguado-Lopez and Becerril-Garcia [19], in developing countries, the limited
allocation of funds gives rise to little dissemination of scientific production, preventing the
appropriate development of lines of research. Hence, the efforts made by universities regarding
scientific production are insufficient. These results reflect the reality of Peru and Latin Amer-
ica and the Caribbean in terms of scientific production, as found in a study by CONCYTEC
[23], indicating that in Peru, 0.10% of the GDP is invested in research. Bommann and Mutz
[32] noted that Peru contributes only 1.0% in terms of scientific production, and Scimago [21]
found that Peru ranks 73rd in the world and eighth in Latin America in scientific production.
This harsh reality is an indicator of the focus of official research in Peru; however, this does
not prevent recognition of the notable efforts of public and private universities regarding
research. Reversing this situation requires establishing strategic alliances with the private sec-
tor, i.e., the promotion of applied research with companies; at the international level, collabo-
ration networks that generate an increase in scientific production must be established.

Regarding the scientific production of Peruvian universities and licensed graduate schools,
the variation rate in publications in Scopus for the period from 2016-2019 was 37.9%, i.e., an
increase in the average number of publications from 24 in 2016 to 49 in 2019. In 2020, due to
the effect of the pandemic, there has been a decrease. Regarding publications in Web of Sci-
ence, the variation rate was 40.1% for the period from 2016-2019; there was an average of 16
publications in 2016 and 27 publications in 2019. Therefore, of the total of 4109 publications
retrieved from 2016 to 2020, 51.0% were obtained from the Scopus database, and 49.0% were
obtained from Web of Science. Additionally, the universities with the highest volume of scien-
tific production were Cayetano Heredia University, followed by PUCP and UNMSM [21].

Consequently, scientific research should be promoted; as Londoiio et al. [14] argued, such
promotion implies fundamentally supporting collaborative relationships among various
research networks at the international level, that is, promoting mutual aid, which leads to insti-
tutions, universities, and research centers prioritizing their international collaboration policies,
thus stimulating better management of international relations offices of public and private uni-
versities and boosting the potential for publication in indexed journals and databases. A line of
action promoted by Sebastian [16] focuses on political actions aimed at improving the quality
of publications so that they are both relevant and pertinent. In this regard, the proposal by Lee
[9], which recommends concrete actions to promote the dissemination of results, is a key
aspect for universities to become leaders in assimilating good practices in the generation of
knowledge. In addition, Bollini and Sarthou [26] suggested the development of strategic alli-
ances by universities to encourage their participation in disciplinary, interdisciplinary, and
transdisciplinary research [33-36] networks to publicize their results.
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Regarding the influence of research policies on the number of RENACYT researchers in
Peruvian universities and licensed graduate schools, in Model I, composed of the variables
financial research policies, human capital research policies, research collaboration policies,
and policies that promote research centers and institutes, the various policies did not influence
the number of RENACYT researchers, showing an R of 0.976%; that is, the policies did not
explain the presence of researchers. This result may have occurred because policies are norms
or rules established by an institution that are extended to others so that policies are fulfilled;
that is, research-oriented institutions are responsible for executing policies, which involved
managing the research, which is not performed uniformly in the various institutions. There-
fore, the explanatory capacity of the variables was null. When the variables management type,
license time, and 2016 scientific production were introduced into Model I, management type,
time of licensing (days), and 2016 scientific production exerted some influence, as was the case
for management type (p < 0.05) and 2016 scientific production (p < 0.001); on the other
hand, time of licensing was not significant. Therefore, the explanatory capacity of the manage-
ment type and 2016 scientific production variables was high because these variables explained
71.12% of the variation in the number of researchers. Eliminating the variables with effects
that did not reach statistical significance led to a slightly lower explanatory power of the
model of 70.6% but a fit index 70.6% higher than the previous index of 68.88% and a slightly
improved AIC value of 9.979; in addition, the estimates were robust in the presence of hetero-
scedasticity according to the method by White for all coefficients.

This result allows us to conclude that an organization’s management approach is a good ref-
erence for predicting the development of the investigative skills of researchers who teach, the
development of research, and the development of scientific production. This finding is consis-
tent with the fact that a teacher who publishes in a Web of Science or Scopus journal is influ-
enced by factors that have direct application to the design of public policies [37]. Likewise, to
the extent that databases update scientific article production, they disseminate results that con-
tribute to systematic reviews and, therefore, raise the quality of scientific production, which
places a focus on the adequate management of human talent, with the starting point being
undergraduate students. Finally, some universities have managed to obtain licenses because
they have met the basic quality conditions established by SUNEDU; however, in relation to
condition IV, which refers to lines of research to be developed, teachers who perform research
and produce documents and research projects have been directly linked to SUNEDU and
CONCYTEC [23], which is why a study focusing on the records of research projects declared
by universities is needed. Therefore, as established by Numa-Sanjuan and Delgado [18], it is
important to implement policies that involve training human talent in research incubators.

The influence of research policies on the number of articles affiliated with Peruvian univer-
sities and licensed graduate schools in Scopus and Web of Science was investigated using two
models. Model I included financial policies, human capital research policies, research collabo-
ration policies, and policies that promote research centers and institutes. Model II, in addition
to containing the defined variables, included management type, time of licensing, number of
RENACYT researchers, and scientific production. Thus, Model I revealed, for both 2019 and
2020, the absence of an influence on the number of articles affiliated with Peruvian universities
and licensed graduate schools in Scopus and Web of Science. This result allows us to infer
that the declaration of public research policies is not sufficient and that action is necessary.
That is, activities must be oriented to a strategic objective; therefore, research management is
important.

However, when the additional variables management type, licensing time, number of
RENACYT researchers, and 2016 scientific production were introduced, for Model 1I-2019
and Model II-2020, significant p values were found for the number of RENACYT researchers
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(p < 0.001) and 2016 scientific production. Thus, for Model II for the year 2019, the explana-
tory capacity of the variables was high, as they explained 95.68% of the variability in scientific
production; with the same model for the year 2020, the explanatory capacity of the variables
was high, as they explained 91.56% of the variability in scientific production. The explanatory
capacity improved even more when the model constant was eliminated, allowing the type of
management (public or private) to be included in the models and yielding a difference of just
over 14 articles, favoring private institutions. An improvement in the goodness of fit was
found, with lower Akaike information criteria (a model is better when this coefficient is
lower), and the robustness of the model was verified in conditions of heteroscedasticity, where
the values of the robust standard errors increased (as usually they do). There was no emphasis
on the coefficients of determination because they may not be appropriate in regression models
based on the origin.

Therefore, it can be inferred that the number of RENACYT researchers and 2016 scientific
production significantly explained the number of articles in Scopus and Web of Science. The
influence of the two variables (number of RENACYT researchers and 2016 scientific produc-
tion) is notable because the variables represent elements of human talent management devel-
oped by both public and private universities to promote scientific research and the production
of new knowledge, which is later disseminated through Scopus and Web of Science. In relation
to the influence of the number of RENACYT researchers, the results agree with the findings by
Araujo [31], who also found an influence of the type of management, which in his study
favored private management. On the other hand, it was found that the licensing time of uni-
versities did not explain scientific production and apparently was contradictory to scientific
production in Web of Science, which showed a positive annual increase over time, as shown
by Limaymanta et al. [29] for Ecuador and Peru (2009-2018). The inclusion of the variable
2016 scientific production probably subsumed its effect.

As Moquillaza Alcantara [21] pointed out, because scientific production is driven by
human capital, salaries for research teachers and the stimulation of increased scientific produc-
tion are imperative; it is necessary to create appropriate conditions, such as funding and infra-
structure. This idea was echoed by Barros-Bastidas and Turpo-Gebera [6], who indicated the
importance of investing in people because only in this way can the quality of scientific research
and production improve [38-42].

However, the study sought to provide an objective evaluation based on the information
obtained from the databases. Notably, one of the limitations of this study is that the develop-
ment and application of policies in universities depend on the authorities, budget, and context
of the moment. Apparently, the need to achieve licensing in each institution forced all univer-
sities to implement policies that have generally improved their research indicators.

The institutional licensing system of Peruvian universities aims to ensure appropriate indi-
cators of scientific production. Consequently, in recent years, there has been growth in these
indicators. However, these policies have been focused only on basic and general aspects, ignor-
ing the peculiarities of the environment of each university and the contributions they should
make to understand and/or work with the system. In this sense, it is reccommended that the
lines of research align with national policies, consider the priorities of each region of the coun-
try, and reduce the gap between university research and needs of the environment.

Conclusions

The number of research policies implemented by Peruvian universities and authorized gradu-
ate schools is not large. Therefore, it is recommended that universities and graduate schools
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fund projects, increase research training, and promote research collaboration policies to
increase the management capacity of research centers and institutes.

Not all universities and licensed graduate schools had researchers with publications in Rost-
worowski or Monge; however, there was a group of public and private universities with high
numbers of such researchers. Therefore, it is recommended that universities and graduate
schools expand research coverage through more active participation in joint projects with
other universities and research centers through the creation of strategic alliances and the
assimilation of research networks, supporting the use of the explanatory model to study the
trends in the evolution of the number of articles in scientific databases.
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