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Abstract

Introduction: Scientific research in medical and health sciences is becoming increasingly complex. In
this sense, research and innovation networks can be a key element for researchers to obtain up-to-date
and useful knowledge.

Objective: To analyze the participation in research networks of Colombian researchers working in medi-
cal and health sciences, as well as their characteristics and the factors associated with more involvement
in said networks and better research and innovation achievements.

Materials and methods: Descriptive and observational study conducted in two phases: the first, in 2016,
consisted of sending a virtual survey on participation in and operation of these networks to the represen-
tatives of the 714 research groups in medical and health sciences officially recognized in Colombia, and
the second, in 2017, consisted of sending a second survey to the 232 representatives who completed the
first one. Relative frequencies were used for data analysis and description. Differences between partici-
pating in the networks and the characteristics of the researchers were determined using the chi-square
test. A multivariate analysis (logistic regression model) was performed to determine the association be-
tween aspects of the network operation and the results obtained.

Results: Of the 714 groups, only 232 representatives completed the first survey, and of these, only 82
(35.34%) participated in research networks. Significant differences were observed between participating
in research networks and developing innovation products (p<0.01) and appearing in publication rank-
ings (p=0.02). Regarding the network operation, there were three key elements: strategy, consensus,
and funding; the first two correlate with obtaining results.

Conclusions: Knowledge and innovation networks are important for generating more knowledge and
research in the country. Therefore, the competent authorities should promote the creation of new re-
search networks and encourage researchers from lagging regions in the country to participate in them.
Keywords: Information Networks; Knowledge; Research; Diffusion of Innovation (MeSH).

Resumen

Introduccion. La investigacion cientifica en ciencias médicas y de la salud es cada vez mas compleja. En
este sentido, las redes de investigacion e innovacidn pueden ser un elemento clave para adquirir conoci-
miento actualizado y de utilidad para los investigadores.

Objetivo. Analizar la actividad de investigadores colombianos del drea de ciencias médicas y de la salud
en redes de investigacion, asi como sus caracteristicas y los factores asociados con una mayor participa-
cién y con mejores resultados en términos de investigacion e innovacion.

Materiales y métodos. Estudio observacional descriptivo realizado en dos fases: la primera consistié en
el envio de una encuesta virtual en 2016 sobre participacién y funcionamiento de estas redes a los repre-
sentantes de los 714 grupos de investigacion en ciencias médicas y de la salud reconocidos oficialmente
en Colombia, y la segunda, en 2017, en el envio de una segunda encuesta a los 232 representantes que
respondieron la primera. Para el analisis y descripcidn de los datos se emplearon frecuencias relativas.
Las diferencias entre la participacion en redes y las caracteristicas de los investigadores se determinaron
mediante la prueba de chi-cuadrado. Se realiz6 un analisis multivariante (modelo de regresion logistica)
para determinar la asociacion entre aspectos del funcionamiento de la red con los resultados obtenidos.
Resultados. De los 714 grupos, solo contestaron representantes de 232, y, de estos, solo 82 (35.34%)
participaban en redes de investigacidn. Se observaron diferencias significativas entre participar en redes y
el desarrollo de productos de innovacién (p<0.01) y aparecer en rankings de publicaciones (p=0.02). Res-
pecto al funcionamiento de la red, hay tres elementos clave: estrategia, consenso y financiacion; los dos
primeros se correlacionan con la obtencién de resultados.

Conclusiones. Las redes de conocimiento e innovacion son importantes para generar mas conocimiento e in-
vestigacion en el pais; por tanto, las autoridades competentes debieran fomentar la creacion de nuevas redes
de investigacion e incentivar a los investigadores de las regiones mas rezagadas del pais a participar en ellas.
Palabras clave: Redes de Informacidn de Ciencia y Tecnologia; Conocimiento; Investigacion; Innovacion
(DeCS).
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Scientific networks in Colombia, participation and success factors

Introduction

At present, knowledge is the basis for the growth of
countries because its accumulation determines their
capacity for innovation.' Therefore, boosting knowl-
edge through national innovation systems is critical to
every nation’s economic progress.’”

In this sense, Colombia, whose economic growth de-
pended on the commercialization of raw commodities in
the past, must now consider shifting the focus of pro-
duction toward knowledge generation and innovation,®
both of which are critical determinants for the develop-
ment of lagging economies. Research and innovation
networks can be useful tools to achieve this goal; how-
ever, their effectiveness must be measured in order to
establish the factors that facilitate knowledge genera-
tion and make it possible to share it among scientists.’

In the present study, network refers to a group of re-
searchers or research groups (entities) created based
on the structure proposed by the Colombian Ministry of
Sciences (Minciencias, formerly Colciencias) and consist-
ing of four types of individuals: researchers, researchers
in training, undergraduate students, and associated
members. Also, a node is understood as a group of re-
search groups; each of these nodes can be from the
same country or from several countries, but most be-
long to international networks.

To understand the conventional dynamics of the
networks, the present study looked in the literature
for classic points of view on the form and operation
of networks®*! and also incorporated some addition-
al perspectives.

Proximity

As mentioned above, a research network is the set of
entities (people, institutions, teams, etc.) that are con-
nected to each other to facilitate material and intangible
interactions among its members. In this way, each mem-
ber has information on who knows what, how, where
and when by analyzing shared knowledge and expe-
riences.'? This allows knowledge to flow and research
findings to improve.

At first glance, the ubiquity of research networks
should ensure that outcomes are not influenced; how-
ever, it should be noted that innovation activities may
be conditioned by processes spurred by geographic,
social, and cultural proximity factors in collaborative
contexts.’? In this regard, Marshall'%, in his treatise on
economics, emphasizes the necessity of physical prox-
imity for the exchange of valuable knowledge in the
production of economic resources.

Direct interaction or, in other words, face-to-face
interaction, builds confidence; therefore, good coor-
dination, in which physical meetings are encouraged,
fosters collaboration and therefore productivity in a
research network.'> However, some researchers claim
that networks based solely on confidence would not
be as operational as may be expected based on their
findings.''” In this regard, Granovetter'® argues that
relationships in networks are influenced by strong and
weak ties of professional collaboration.

Thus, given the importance of physical proximity,
the mobility of researchers could be an enhancer of the
interactions mentioned above in open knowledge envi-
ronments.'® Consequently, the present study aims to
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delve into the operation and results of research networks
based on the capabilities acquired through research.
In order to evaluate the aforementioned capacities,
the present research studies what has been called cogni-
tive proximity, which refers to the exchange of knowledge
acquired in the networks to the economic or social en-
vironment of the researcher. On the other hand, from
a country perspective, knowledge absorptive capaci-
ty is usually measured using different indicators, such
as the degree of digitization, the level of knowledge of
the researchers, gross domestic expenditure on R&D
(GERD), or patents (discarded in the present study be-
cause of its little relevance in Colombia).*°
Information is generated in a network, which in turn
allows for innovation; moreover, it produces what is
known as creative destruction,?! a process in which ob-
solete schemes are replaced by new ones that derive
precisely from innovation. It is important to note that
for these innovations to be rooted at the social or eco-
nomic level, knowledge absorptive capacity is necessary,
and their superior value and fit in the demands of the
country must be validated before they are made public.

Structure and operation

The “science of complexity” is one of the focal points
for the study of networks in general. It emerges from
basic sciences, comprises many areas of study —such
as network science—, and allows to extrapolate its sci-
entific findings for use in interdisciplinary research in
fields as diverse as biology, computer science, etc.??

Another approach to research collaboration is known
as “team science”, which studies the interactions of scien-
tific teams from a functional perspective utilizing useful
day-to-day operating tools.? In this regard, the advan-
tages of information and communication technologies
(ICTs)?* in remote collaboration should be highlighted,
as they allow for the fluid and automatic distribution of
information between research nodes, which, in turn,
allows them to share knowledge and experiences. At
this point, it is important to stress the relevance of the
coordinator, who must keep the network active by pro-
viding and receiving knowledge through ICTs.*

On the other hand, itis essential to bear in mind that
networks may have problems in their operation, which
can result from social, economic, or academic interac-
tion, and even from disagreements or incompatibilities
among participants.?®

Network results

The determinants of network success may be in conflict
because of the subjectivity of researchers and the fact
that there are sometimes very diverse opinions among
them that are far removed from reality.?’

Contrary to what is expected, the use of ICTs may
not reduce costs or increase network productivity due
to the lack of these tools in developing regions.?® In
this regard, Uribe-Zirene & Cuadros-Mejia?® state that
some of the difficulties encountered in the networks are
associated with the lack of funding for projects and ac-
tivities, lack of time to implement activities, problems
of communication and coordination, and access to ICTs.

Similarly, Hagedoorn et al.,*° in an article summa-
rizing academic, professional and policy literature on
research partnerships focused on technology policy,



Scientific networks in Colombia, participation and success factors

found that there are a variety of important reasons why
firms participate in research associations and a num-
ber of reasons why governments encourage them. The
authors concluded that technology policy authorities
should be aware of these reasons and, therefore, be
cautious when comparing the benefits and downside
effects associated with collaboration.

On the other hand, Borondo et al.** state that the in-
teractions between nodes according to their position in
the network is decisive for obtaining results if a merito-
cratic model is followed (if the compensation and power
available to individuals are determined by their abilities
and merits) or a topocratic one (if the compensation and
power available to an individual is primarily determined
by their position in the network). Thus, the structure of
the networks represents a fundamental constraint as
a perfectly meritocratic model for fully connected net-
works becomes topocratic for sparse networks, such
as those of society.

Given this scenario, the objective of this study was to
analyze the activity of Colombian researchersin the area
of medical and health sciences in research networks,
as well as its characteristics and the factors associated
with greater participation in these networks and better
results in areas of research and innovation. This study
also describes the academic profile of the researchers
and demonstrates how physical and cognitive proxim-
ity generate confidence in research networks, as they
impact knowledge absorptive capacity and operation,
influencing the results.

Materials and methods

Descriptive observational study conducted based on
two surveys aimed at research groups in the area of
medical and health sciences in Colombia. Information
regarding the groups was collected from the Mincencias
website and the research was carried out in two phases:

The first phase took place in July 2016 and consisted
of sending, via email, a virtual survey on the partici-
pation and operation of research networks (Annex 1)
to the representatives of the 714 officially recognized
medical and health science research groups in Colom-
bia; it was also possible to identify the nodes through
this instrument. It should be noted that the groups that
did not answer the survey the first time received anoth-
er email in November 2016.

The survey submitted during the first phase evaluated
7 thematic sections (network characteristics, research-
ers’ characteristics, impressions on network operation,
funding, knowledge results, innovation results and over-
all results) through 54 questions: 6 on the description of
the network, 4 on the description of its scope, 20 on its
operation, and 24 on the results. This survey data was
complemented with public academic and research data on
the scholars, and it was integrated with information from
the ranking of researchers from Colombian institutions.>?

This first survey was created using the parameters for
the design and validation of questionnaires proposed by
Martin-Arribas® and Garcia de Yébenes-Prous etal.** A
pre-test was conducted to select the questions, which
were then evaluated by 10 specialists from various fields,
most of whom were network coordinators, some in the
health area and others in survey formats. A local expert
in scientific networks was also included to assess the
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comprehension of the questions from the perspective
of the language used in the country; this expert also
had experience in research networks and node inter-
actions. All experts accepted most of the questions and
provided others with which the survey was completed.

During a second round of instrument review, the sur-
vey with the recommended changes was sent back to
the experts so that they could respond it and validate
the final result. The following are the technical features
of the first survey:

Study population: Research groups officially recog-
nized in Colombia through Call 737 of 2015 and whose
details were available in the Minciencias database on
March 11, 2016 (n=714).

Area: Medical and Health sciences.

Profile of the respondent: Managers of the research
groups.

Response Rate: 32.49%.

Number of responses received: 232.

Sample error: 5.3%. (p=0.5; g=0.5) for a 95% con-
fidence interval (Z=1.96).

The second phase took place in August 2017 and also
consisted of sending an email survey. Only the 232 rep-
resentatives who completed the first survey received the
second (Annex 2). It was filled by 37 researchers (15.94%)
and contained two questions, the first of which asked if
they had achieved knowledge results through their own
network of contacts, and the second of which asked if
they had physically shared working time with the peo-
ple with whom they had obtained those research results.

This second survey was also validated by different ex-
perts in a process similar to the first, and the purpose of
its administration was to analyze whether researchers
need these formal networks to achieve results or if they
achieve the same results through informal contacts, in
order to verify the usefulness of the networks. Further-
more, in terms of physical proximity, it was intended to
determine whether not physically knowing someone can
make collaboration more difficult. The technical aspects
of the second survey are presented below:

Study population: research groups that responded
to the initial survey (n=232).

Area: medical and health sciences.

Profile of the respondent: research group managers.
Response rate: 16%.

Number of responses received: 37.

Sample error: 14.8%. (p=0.5; g=0.5) fora 95% con-
fidence interval (Z=1.96).

Network participants: 17 (45.94 %).
Non-network participants: 20 (54.05 %).

Statistical analysis

Relative frequencies were used for data description and
analysis. Differences between network participation and
the characteristics of the researchers were determined
using the chi-square test. Similarly, a factor analysis
was performed with the responses on the operation of
the network, and based on the results, a multivariate
analysis was carried out (logistic regression model) to
determine the association between aspects of their op-
eration and the results obtained by the researchers. All
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statistical analyzes were carried out with the R software
and a significance level of p<0.05 was considered for all.

Ethical considerations

The study took into account the ethical principles for med-
ical research involving human subjects established by
the Declaration of Helsinki.*> The research was approved
by the Ethics Committee of the Hospital Universitario
de Fuenlabrada in Madrid, Spain, according to Minutes
No. APR 19/58 of December 18, 2019.

Participants voluntarily agreed to participate in the
study, for which they signed an informed consent.

Results
Overall results
Only representatives from 232 of the 714 officially rec-

ognized medical and health science research groups in
Colombia responded to the initial survey, and of these,
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only 82 (35.34%) participated in research networks
(Figure 1). Most researchers in these 82 groups were
engaged in Applied Research (64.63%), followed by
Applied Research plus Basic Research (19.51%), and
Basic Research (15.85%) (Figure 2). For its part, the
type of knowledge in most of these groups (95.12%)
was analytical scientific and came from areas where
scientific knowledge based on cognitive and rational
processes abounds or from formal models (codified,
rational, and verifiable knowledge). In the other groups
(4.87%), knowledge was synthetic (applied or prob-
lem-related knowledge) or related to engineering¢3”
(Figure 3).

Characteristics of researchers based on their
participation in research networks

Significant differences were observed between researchers
involved in networking and those who were not regarding
the development of innovation products (p<0.01) and
appearancein publication rankings (p=0.02) (Table 1).

Figure 1. Participation in formal networks of the research groups
in medical and health sciences included in the study.

Source: Own elaboration.

= Both
= Applied research
Basic research

Figure 2. Type of research performed by the medical and health science
research groups that participated in the study.

Source: Own elaboration.
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= Scientific-analytical
knowledge

= Engineering or
synthetic
knowledge

Figure 3. Type of knowledge of the medical and health science research groups
that participated in the study.
Source: Own elaboration based on Asheim et al.*® and Asheim et al.*’

Table 1. Characteristics of the researchers who participated in the study.

5 5 p-value* Total

No data 2 1.33% 2
Training abroad + No 88 56.66% 49 59.75% 137
Yes 60 40% 33 40.24% 93
Total 150 100% 82 100 1 232
Ph. D. 61 41.21% 36 43.90% 97
Medical specialty 27 18.24% 6 7.31% 33
Formal training Master’s degree 50 33.78% 37 45.12% 87
Postdoctoral 10 6.75% 3 3.65% 13
Total 148 100% 82 100 0.08 230
Yes 31 20.94% 36 43.90% 67
aizﬂgg;egrtﬂucts No 117 79.05% 46 56.09% 163
Total 148 100% 82 100 <0.01 230
Yes 4 2.66% 9 10.97% 13
Publication ranking No 146 97.33% 73 89.02% 219
Total 150 100% 82 100 0.02 232

* The p-value was established using the chi-square test.

T Whether participants had earned a degree abroad was considered.

Source: Own elaboration.
Geographic proximity

Although the networks exist in a virtual space, itis clear
that the physical distribution of researchers is influenced
by economic and commercial activity, as they are con-
centrated in locations where these activities are more
prevalent. Thus, the most economically powerful re-
gions are also the most powerful in terms of research
and networking, which helps them maintain and even
improve their economic position. In this regard, two
significant examples are provided below:

First, it was found that Antioquia has 122 officially
recognized medical and health science research groups,
which accounts for 17.08% of the 714 groups in the
country; of these, 11 participate in networks. When
comparing these groups with the national population

volume, it was found that they equal 107.22% in relation
to that population, and when analyzing this informa-
tion and looking at it from an economic perspective, it
was established that the GDP of this region alone was
equivalent to 14.66% of the country’s GPD for 2015.
Secondly, in the central region of Bogota, it was es-
tablished that there are 319 officially recognized medical
and health science research groups, which accounts for
44.67% of the total number of groups in the country;
of these, 25 are active in networks. When comparing
these groups with Colombia’s total population, it was
found that they account for 229.43% in relation to said
population, and when analyzing this information, it was
established that the percentage of GDP of the region was
26.91% with respect to the whole country for 2015, a
very high percentage compared to other regions.
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Affective and physical proximity: comparison of results

Affective and physical proximity were assessed based
on the results of the second survey. To this end, the re-
sponses from representatives of groups that participated
in networks and those that did not were considered to
determine whether it is necessary to be part of a for-
mal network to improve the results of collaboration, as
this sample allowed for a comparison of both types of
groups and their results.

As mentioned above, only 37 of the 232 research-
ers responded to the second survey, with 29 citing the
relevance of interaction and stating that even though
itis not essential, it does inspire confidence; therefore,
they also use virtual communication systems. Further-
more, of these 37 researchers, 17 stated that they were
also able to achieve results through informal contacts,
while out of the remaining 20, 8 said they were unable
to achieve results in knowledge and research through
informal contacts.

Both non-networking and networking groups had con-
crete results in terms of publications and participationin
meetings. Similarly, groups that participate in networks
produce more results, with the exception of publishing,
which is more related to interactions with informal contacts.

Cognitive proximity

This concept focuses on a country’s knowledge orinno-
vation absorptive capacity that is useful to itself; in this
sense, itis understood that networks should be used to
collect transferable knowledge. The following are some
of the indicators associated with the absorptive capac-
ity of countries:

Thefirstindicator is R&D expenditure with respect to the
GDP, which in Colombia was 0.27% in 2016 according to
World Bank.*® In countries like South Korea this percent-
age reaches 4.23%,°® making it one of the most important
nations in terms of innovation and knowledge results.

The second indicator is the number of researchers
per million inhabitants, which is 57 in Colombia. This
figure contrasts dramatically with South Korea, where
there are 6 856 researchers for every million inhab-
itants, a figure that is even more striking when one
considers that South Korea has a far smaller popula-
tion than Colombia.*

The third and final indicator presented by Rios-Flores et
al.*’ relates to knowledge absorptive capacity associated
with different factors. It has the objective of estimat-
ing the effect of technological capabilities on economic
growth by differentiating between high- and low-income
countries, adjusted for their absorptive capacities in a
non-linear function. According to their study, Colombia
is a country that is classified as a lower-middle income
country and has a knowledge absorptive capacity of
0.3864, which is low compared to the world average of
0.6014, with the highest values being those of Ireland
(1.25), Belgium (0.97), and the Netherlands (0.81).%°

It should be noted that Rios-Flores et al.*° used 3 pa-
rameters to calculate knowledge absorptive capacity:
GDP per worker, increase in R&D expenditure per work-
er, and technological capacity per worker. According to
the results, the authors concluded that more work in
this area is necessary, as has been done in other coun-
tries such as Chile, where the knowledge absorptive
capacity is 0.59.%°
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Operational relations and results: network coherence

To identify the factors that contribute to network opera-
tion, a factor analysis was performed with 17 questions
from the first survey, which aimed at assessing success
factors.'' Each question was posed considering 5 pos-
sible levels of agreement, with 1 being no agreement
and 5 being complete agreement.

The usefulness and suitability of factor analysis is es-
tablished by means of the Kaiser-Meyer-Olkin (KMO)
test and Bartlett’s sphericity test, for which a value >0.5
and <0.05, respectively (significance level 5%), indi-
cate that such an analysis can be performed. The results
obtained with these tests for the instrument used in the
present study were 0.88361 and <0.05, respectively,
so it was determined that the factor analysis could be
continued.** Then, the KMO test established that the
number of factors to extract was 3.

These three essential factors identified for the proper
functioning of the network were called by the R statistical
software according to the relationship with the grouping
of results with the following concepts: MR1: “Strategy,”
MR3: “Consensus” and MR2: “Funding”, thus summa-
rizing the essence of the factors most associated with
each of them (Table 2).

Table 2. Factorization of operating components.

Is there an action plan with task B
description and assignment? e e
Do_es |F have well-defined 069 0.02 0.11
objectives?
Do you think the network is ideal? 0.46 0.35 0.00
Is the level of communication good? 0.47 0.37 0.05
> Do you achieve the expected 053 0.19 0.17
54 results?
3
g Did you select participants
"8 appropriately in relation to the 0.57 0.36 -0.04
objectives?
Did you consider possible conflicts
related to the capabilities of the 0.67 0.12 -0.03
members?
Are there agreements on the active 053 022 0.09
participation of members? ' ' ’
Are there any agreements on the 0.50 0.37 -0.07
use of results? ' ' ’
Do members who are more
experienced in the subject matter ~ _
help in the training of those with less Ll | el | e
expertise?
=8 Is there a willingness to embrace
> -
g cultural differences? U | (=) |
Q .
- Do net_work pa?rtlapants meet the 0.02 0.73 0.16
&) | commitments?
Is there participation and consensus 0.08 0.80 -0.03
among members?
Is there efﬁuent network 033 052 0.10
coordination?
Is there a network funding scheme
in place? 0.14 -0.04 0.75
[=)] % q
‘= Is the financial endowment
¥=8 sufficient for its maintenance? e R
1 Do you have enough funds for the
maintenance of administrative 0.12 -0.07 0.78
staff?
Proportion of variance explained 0.25 0.21 0.15

Source: Own elaboration.
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Multivariate analysis using logistic regression on
obtained results

The results of the factor analysis were combined with the
responses on the actual results of network participation
from the first survey, and it was found that “cohesion
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”ow

of the scientific community”, “identifying priority and
collaborative lines”, “publications” and “books” were sig-

nificantly associated with the factor “strategy” (Table 3).

Table 3. Logistic regression associating the results obtained with the descriptive factors of the research network operation.

Result

Cohesion of the scientific community 0.57
Creating a space for interaction among 0.08
researchers

Promoting spaces for multidisciplinary interaction 0.04
Generating a culture of cooperation 0.16
Identifying priority and collaborative lines 0.49
Identifying and strengthening leadership -0.09
New biomarkers 0.61
Meetings -0.01
New drugs 2.60
Publications 0.91
Infrastructure exchange -0.05
Training courses, seminars, workshops 0.22
Patents. 0.48
Products 0.44
Books 0.84
Guidelines or new disease treatment procedures 0.37

MR1: Strategy MR2: Funding MR3: Agreement
Standard Standard Standard
error error error
0.02 * -0.33 0.19 -0.21 0.44
0.77 -0.26 0.38 0.41 0.21

0.86 -0.11 0.65 0.68 0.03 *
0.49 -0.29 0.24 0.32 0.25
0.05 * -0.32 0.21 0.17 0.54
0.73 -0.00 0.99 -0.10 0.70
0.13 -0.41 0.30 -0.17 0.73
0.98 0.13 0.57 -0.28 0.29
0.49 2.59 0.47 -3.10 0.45
0,001 * -0.26 0.31 -0.05 0.85
0.86 0.21 0.52 0.44 0.22
0.33 -0.28 0.23 0.21 0.42
0.44 0.52 0.46 -0.35 0.66
0.19 0.22 0.52 -0.15 0.70
0.02 * -0.25 0.47 -0.56 0.19
0.29 -0.66 0.05 0.35 0.39

* Statistical significance.
Source: Own elaboration.

Discussion

The distribution and acquisition of knowledge through
research networks nodes is an efficient, quick, and low-
cost method of acquiring new knowledge and achieving
optimal results in research and innovation.*"

The present study demonstrated how network
participation enables researchers to gain knowledge
different from that obtained through national sources,
with this knowledge being scientific analytical in most
cases (95.12%).°° However, while virtual interaction
was found to be relevant and effective in knowledge
appropriation and generation, physical proximity and
cognitive proximity were also found to be importantin
these processes.

In this sense, it has been reported that there is knowl-
edge that requires physical interaction in order to be
gained more quickly and effectively, because itis possible
to know more than one can express in many cases;* for
example, face-to-face contactis very important in tacit
knowledge.*” Therefore, even though much knowledge
is preserved, an aspect such as the mobility of scientists
would be key to network collaboration.** In the same
vein, and based on the findings of the second survey,
the researchers emphasized on the need of physical-
ly knowing each other, as it would increase confidence
when collaborating. This would confirm that physical
interaction with people who are not members of their

families or close friends (weak ties) is an important sup-
port for collaboration in networks among researchers.**

Another aspect of proximity identified in the present
study and confirmed by other authors*>“¢ regarding net-
work dynamics is that geographical location influences
research activity because it relates to the economic com-
petition of the regions. As for cognitive proximity, it was
found that Colombia falls far short of several relevant
indicators when it comes to promoting innovation and
absorbing knowledge to build new innovations. Thus,
according to Rios-Flores et al.*° Colombia had an aver-
age knowledge absorptive capacity indicator of 0.3864
between 2000 and 2010, a very low figure when com-
pared to the value for innovating countries, which is
approximately 1. This is critical because, as Saxenian
points out,”” countries focused on innovation in global
networks can project their economies.

A nation’s capacity to absorb knowledge is built through
the improvement of its basic education levels, its tech-
nological infrastructure,*® and its productive systems.
In this sense, for knowledge transfer and innovation to
be viable, academia must collaborate with business-
es in a circular ecosystem to transfer information to
the country’s productive sources and build cumulative
learning.***%

In Latin America, several countries behave similarly
to Colombia in terms of using knowledge networks. For
example, according to the presentation of the Ibero-
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American Program of Science and Technology for De-
velopment (CYTED),* between 2015 and 2018, more
than 3 600 experts took part in the program’s Acad-
emy-Business Forums, which are meetings between
Ibero-American entrepreneurs and researchers that ad-
dress specialized topics around a specific technology
sector to promote innovation, transfer, and technologi-
cal cooperation projects. During the same presentation,
it was reported that over 5 000 researchers from 1 070
R&D groups and 180 companies from the 21 countries
that signed the program participated in the 73 current
actions of the program in 2018.

Similarly, from a corporate point of view, it is observed
that innovation coming from emerging countries is driv-
en mainly by contributions from foreign companies,
which suggests that international links are a compen-
satory mechanism for the initially lower technological
capabilities of some nations, rather than a complemen-
tary source of knowledge.>*

Itisimportant to highlight the factor analysis of net-
work operation, in which the results stressed the need
for a good strategy and a consensus-based participa-
tion model to achieve better results. In turn, fundingis
highly relevant, although, according to the findings of
this study, it has no effect on concrete results or confi-
dence relationships, which is consistent with what has
been reported in the literature.***”

With respect to concrete results, the factor analysis
showed relationships between the network operation
and the results, with an increase in the number of publi-
cations and in multidisciplinary work when the network
functioned properly.

Based on the results of both surveys, it is possible to
conclude that formal relationships are not required for
joint publications, but they are quite useful for other
products (advanced knowledge, patents, etc.). In this
sense, it is necessary to ask whether these collabora-
tions also contribute to novelty in the results, as some
studies have found negative differences in novelty in
international collaborations.**

The main limitation of the present study was that it
was cross-sectional, therefore, no time sequences were
performed to compare the results, thus new studies are
necessary to analyze this aspect.

Conclusions

The results show that participation in knowledge and
innovation networks in the medical and health area in
Colombia is rather low, with just 36% of the research-
ers surveyed reporting involvement in these networks.
Research carried out by the networks would be mostly
applied with incremental innovation. Most researchers
involved in these networks have more advanced train-
ing than those with specialties, namely master’s and
doctoral degrees, and they develop more innovation
products and have higher academic production than
those who do not.

There was also a strong association between, on the
one hand, participation in research networks and the
number of researchers and, on the other, economic ca-
pacity in the regions, which can be explained by the fact
that economic growth and human talent are concen-
trated in prosperous regions.
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The factor analysis of questions about network opera-
tion found that strategy, consensus, and funding are key
elements. Thus, based on the logistic regression, it was
determined that strategy and consensus are related to the
achievement of actual results in publications and books,
because the former influences scientific community co-
hesion and the latter has an impact on the achievement
of multidisciplinary interaction spaces. By the same to-
ken, the recommendation is focused on working with
tools to increase network consensus. Some examples
of the application of these tools include the creation
of practice communities, thematic workshops, shared
learning platforms, among others. The challenge lies in
identifying the models that facilitate the management
of information and knowledge flow for all participants.

Finally, itis clear that knowledge and innovation net-
works are critical for generating more knowledge and
research in the country; therefore, the competent au-
thorities should promote the creation of new research
networks and encourage researchers from the coun-
try’s lagging regions to participate in them.

This work derives from the doctoral thesis entitled
Factores asociados al éxito en el funcionamiento y par-
ticipacion de investigadores en Redes Cientificas de
Ciencias Médicas en Colombia (Factors associated with
the successful operation and participation of researchers
in Medical Science Scientific Networks in Colombia.)>*
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Annex 1. First survey.
Please specify the geographical area to which it belongs
No. of participating countries:
No. of network nodes:
Name of the network
Start year
Duration
Please specify the research area to which you belong
(oliF: = [e =l luleei Time spent on research in your daily work
W[SNESEEETeEIE Professional area in which you work
Type of research you carry out
Did you go through some kind of selection process to be able to participate in the network?
If you went through a selection process, please describe it briefly
Are you the network coordinator?
Do you think the network is ideal?
Is there an action plan with task description and assignment?
Are the objectives well defined?
Is the level of communication good?
. Do you achieve the expected results?
Icr:?‘%r:tsva)orrlls Did you select participants appropriately in relation to the objectives?
operation Did you consider possible conflicts related to the capabilities of the members?
Do members who are more experienced in the subject matter help in the training of those with less
expertise?
Do network participants meet the commitments?
Is there participation and consensus among members?
Is there efficient network coordination?
Are there agreements on the active participation of members?
Is there a willingness to embrace cultural differences?
Are there any agreements on the use of results?
Is there a network funding scheme in place?
Funding Is the financial endowment sufficient for its maintenance?
Do you have enough funds for the maintenance of administrative staff?
Type of knowledge that is most commonly used in network relationships:

Do you think that participation in the network provides you with knowledge that is unavailable or
Knowledge difficult to obtain through your country’s knowledge sources?

results Do you consider that the knowledge acquired is complementary to what you have learned from
national sources?

If yes, please describe how you believe it complements national sources
In case of generating innovations, what type of innovations?

Please describe the results expected from participation in the network
Please describe the results obtained from participation in the network
Cohesion of the scientific community

Creating a space for interaction among researchers

Promoting spaces for multidisciplinary interaction

Generating a culture of cooperation

Identifying priority and collaborative lines

Identifying and strengthening leadership

New drugs

New biomarkers

(O)CEI-IINE=NV] [l Meetings

Publications

Training: courses, seminars, workshops

Patents

Products

Books

Infrastructure exchange

Guidelines or new disease treatment procedures

Other (interoperation, multicenter studies, public policies, community interventions, mobility)

Network features

Innovation
results
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Annex 2. Second survey

1. You have achieved knowledge results (publications, products, etc.) using your own network of contacts.
Describe the result:

2. You have physically shared working time with that person or people with whom you have obtained research re-
sults, stay in another country, joint works, etc. (You should be able to assess whether knowing each other physically
creates stronger ties that encourage collaboration and knowledge exchange).



