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Abstract

pen innovation allows for partnerships between
O businesses through knowledge sharing. The

mission of open science is to encourage
information sharing about academic research. The purpose
of this paper is to demonstrate the relevance of open science
to open innovation and vice versa, especially in the context
of emerging economies. Furthermore, it aims to show the
results of the intersection between university and innovative
companies. The methodology was based upon a systematic
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literature review to understand how researchers have been
studying the subject. It also focuses on the relevance of open
innovation and open science for business management
and information science fields. Therefore, the connection
between open science and open innovation is fundamental
to encouraging the partnership between businesses and
universities. This kind of partnership contributes to the
economy of developing countries, so business can become
more competitive.

Citation: Ottonicar S.L.C., Arraiza P,, Armellini E (2020)
Opening Science and Innovation: Opportunities for
Emerging Economies. Foresight and STI Governance, vol. 14,
no 4, pp. 95-111. DOI: 10.17323/2500-2597.2020.4.95.111

© 2021 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons
5y Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

2020 | Vol. 14 No 4 | FORESIGHT AND STI GOYERNANCE | 95



Networking

evolving rapidly and it has become essential in an

increasing number of sectors. Both innovation and
science have experienced a change in their communi-
cation workflows, in their production processes, and,
in a more general way, in their modus operandi. There-
fore, the world today faces a paradigm shift in scientific
and innovation practices.

Information and communication technology is

In the scientific context, the concept of open science is
becoming popular. This approach to the scientific pro-
cess consists of disseminating knowledge and results
from the early stages of the process. It also aims at re-
ducing barriers to access to results while open innova-
tion focuses on opening the innovation process to ex-
perts in other fields, unlike traditional practice, which
focused only on the company’s internal human capital
[Chesbrough, 2003].

Given the fact that Small and Medium Enterprises
(SMEs) constitute the most significant number of com-
panies within an economy [Friesike et al., 2015], it is
essential to find ways to approximate open business
models and the open innovation culture for this type
of company. Defining a path toward innovation is par-
ticularly necessary for environments such as emerging
economies, where the companies do not have enough
resources to face such a change as, for instance, the
partnerships created between universities and enter-
prises through collaborative tools to achieve innova-
tive goals. These innovations contribute to information
and knowledge sharing which influence competitive-
ness.

According to [Chesbrough, 2003], open innovation fos-
ters the internal and external information flux inter-
nally and externally through different tools and allows
for the incorporation of new perspectives in all stages
of the value chain. The implementation of partnerships
focused upon open innovation is fundamental to en-
terprise adaptation toward new business models and
the implementation of best practices.

Germany has some initiatives concerning open science
and open innovation because they encourage innova-
tion and knowledge development. German researchers
developed a framework of open science and innova-
tion to lead the way toward strategic openness. Open
innovation research is more popular than open science,
so most studies do not connect the topics [Bliimel et
al., 2018].

Another example is Sweden, which developed an in-
ternational partnership with Brazil. This partnership
occurs through the Swedish-Brazilian Research and
Innovation Centre (CISB) which encourages interna-
tional collaboration between these two countries. The
organization focuses on the partnership between gov-
ernment, academia, and industry to promote open in-
novation and open science.'

These partnerships are particularly important in
emerging economies because they provide a solid

' For more details see: http://www.cisb.org.br/, access date 07.11.2020.

foundation for the further development of these econ-
omies. The term “emerging economies” refers to the
rapidly growing, but also volatile, economies of some
Asian, African, and Latin American countries. They
are also characterized by intermediate incomes and
institutional transformations that lead to an economic
opening [ Vercueil, 2012].

Therefore, the purpose of this paper to delve into the
intersection between open science and open innova-
tion and demonstrate how SMEs can benefit from this
connection and apply it in further product develop-
ments. Based on a Systematic Literature Review per-
formed over four different scientific databases with
international coverage, this article aims to answer the
following research questions.

RQI: What are the central topics in the literature about
open science and open innovation?

RQ2: What are the differences and complementary ele-
ments between open science and open innovation?

Open Science to Open Innovation

Open Science is commonly defined as an umbrella
term that embraces all the transformations occurring
in scientific knowledge creation and dissemination, in-
cluding open access, open data, open reproducible re-
search, open science evaluation, open science policies,
and open science tools. In the literature, OS is under-
stood as knowledge, transparent knowledge, accessible
knowledge, shared knowledge, and collaboratively de-
veloped knowledge [Vicente-Saez, Martinez-Fuentes,
2018]. The OS movement aims to apply the openness
principles to all stages of the scientific process, from
the hypothesis to data reuse. The opening process

“drives collaboration and innovation and maximizes

the potential to solve global challenges” [Ayris et al.,
2018] and leads to a “new modus operandi for science”
[European Commission, 2016]. It has been also point-
ed out that OS practices should always be adopted by
scientists [ Watson, 2015].

With the development of new working models, scientif-
ic practices should attract new industrial stakeholders
leading to a potent combination of academic and in-
dustrial science. However, OS does not directly trans-
late into innovations [Chesbrough, 2015]. One aspect
is the clear difference in goals: scientific practice aims
to generate foundation knowledge and prototype tech-
nologies, whereas enterprises are focused on product
development. Innovation can be a secondary effect of
science; however, there has to be a clear understanding
of the OS movement and its implications among the
scientific community, industry, and enterprises [ Vicen-
te-Saez, Martinez-Fuentes, 2018]. This understanding
begins by elaborating upon the meaning of “open” in
each of the movements. For OS, “open” refers to free
access, without cost barriers or with as few barriers as
possible. However, “open” in the context of OI means
beyond barriers, that is, to be able to attract external
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talent that complements the internal enterprise devel-
opment through projects and strategic partnerships.

Considering the different stakeholders of the OS move-
ment, there are four clear perspectives [Friesike et al.,
2015]. The philanthropic perspective advocates for the
democratization of science and focuses on open access
to scientific content. The reflationary perspective em-
phasizes the importance of knowledge sharing at the
beginning of the research process as a way to promote
ideas within the scientific community. The construc-
tivist perspective highlights that new knowledge also
brings new opportunities for user models and business,
for instance, the crowdsourcing model. Finally, the ex-
ploitative perspective points out how scientific knowl-
edge sharing will lead to a smaller gap between uni-
versity research and application-oriented knowledge.
Following the latter, there is an ever-increasing inter-
est within the scientific community to apply science to
business problems [Chesbrough, 2015]. Consequently,
universities around the world are now actively partici-
pating in enterprise incubator centers and public mak-
erspaces and they have established Technology Trans-
fer Offices (TTO) to manage and maximize the use
of its intellectual property. All this is in line with the
“entrepreneurial university” phenomenon [Etzkowitz
et al., 2000] in order to connect university knowledge
and practical knowledge, which is created by business
processes.

Nonetheless, universities might need to adopt an en-
abling role in the process of opening innovation and
also act as a main stakeholder. According to [Garcia-
Pefialvo et al., 2010, p. 530], there are necessary actions
for universities to take in order to enable the process:
(1) promote an attitude of entrepreneurship, (2) adapt
and evolve the educational model continuously in the
country or region, using all possible opportunities,
(3) combine entrepreneurship and education with a
lifelong learning system, (4) support critical and free-
thinking, (5) maintain a structure within organizations
to promote innovation, and (6) favor open innovation.

It is essential to add the use and promotion of open
licenses to these requirements. As indicated in the
project FOSTER Open Science, open licenses, such as
Creative Commons (CC), “amplify the affordances of
digital technology and provide an enhanced means for
social production in the networked economy” [Euro-
pean Comission, 2016]. The benefits of the acquisition
of this type of license in business might have a direct
impact upon cost reduction, the reduction of legal un-
certainty, and the promotion of sustainability among
SMEs.?

The implementation of open licenses also leads to a re-
definition of intellectual property (IP), as indicated in
the project FOSTER Open Science. IP should no lon-
ger be a defensive tool to protect knowledge but instead
facilitates knowledge transfers between academia and
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industry and fosters transparency across the research
and development (R&D) system.

Both the OS movement and the OI movement imply a
new mindset in how research and R&D activities are
developed. The OI movement established a contrast
with the traditional vertical integration model where
R&D activities, product development, and product
distribution occurred exclusively inside and by the
firm [West, Gallaguer, 2006]. On the other hand, the
OS movement leads to the non-restricted distribution
of research results and processes, coining terms such
as open access, open data, open-source software, open
collaboration, or open knowledge.

Even though both movements are separated cur-
rents, following the perspectives listed by Friesike et al.
(2015), it is possible to distinguish some points of con-
vergence between them. The philanthropic perspective
brings science and research closer to society. This does
not translate into OI; however, it can serve as a basis for
developing OI projects if the right open business mod-
els are applied to foster benefits from the openness.
For instance, makerspaces in academic libraries can
be considered such a business model. The reflation-
ary perspective fosters discussions from the very early
stage of the research process. In the case of O, this
might be understood as an idea management process
or even a design thinking process. However, with this
process, OS aims to generate knowledge, whereas OI
focuses on innovation and product development. The
constructivist perspective places OS and OI one step
closer by thinking of bringing new knowledge into
new user models and new business. Virtual rooms and
crowdsourcing models apply to both OS and O], to en-
able knowledge fusion and the generation of innova-
tive solutions. Research centers here acquire the role of
knowledge intermediaries. This role is reflected in the
exploitative perspective that leads to the concretization
of openness effects. The application-oriented knowl-
edge can be understood as a point of convergence be-
tween OS and OL

Methods

Usually, these approaches do not reach the main scien-
tific publication current and remain hidden. The pur-
pose here is to provide an overview of open innovation
and open science worldwide. This article presents an
exploratory and quanti-qualitative investigation based
on a Systematic Literature Review (SLR) [Tranfield
et al., 2003; Cook, 1997]. The searching protocol de-
scribed in Table 1 makes the research process more
transparent and allows for its reproduction [Tranfield
et al., 2003].

The selected databases were Web of Science, Scopus,
Scientific Electronic Library Online (SciELO) and Bra-

zilian database of Information Science periodical ar-
ticles (BRAPCI). The first two databases facilitate the

2 See description of Creative Commons licenses and tools for businesses: https://docs.google.com/document/d/1rDLqZ95fatIAz-17efw]L70X2z9Y48peExZ-

F4y4EQNks/edit, access date 07.11.2020.
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retrieval of transdisciplinary studies from global high-
impact journals, whereas the third and the fourth en-
able the analysis of Latin American approaches to the
topic, where the predominant languages are Spanish
and Portuguese, respectively. The BRAPCI was chosen
as a database because it provides papers in the Portu-
guese language, especially in the Information Science
field. We did not limit the SLR by timeframes because
the topic of this paper is innovative. Our goal was to
retrieve as much as possible. A more exploratory re-
search approach allowed us to look at the phenomena
in a broader way.

The keywords used were open science and open in-
novation without quotes. The papers collected dem-
onstrate how international academia has studied
Open Science and Open Innovation together, whereas
emerging economies still face challenges to establish-
ing a relationship between business and academia. In
fact, no article available at BRAPCI or SciELO com-
bines both keywords either in its title or in its abstract
or keywords of the study. Furthermore, Figure 1 shows
the number of collected and selected articles.

The SLR enabled the recovery of 211 published articles
on innovation and open science. A filtering process
based on a review of the titles and keywords was per-
formed, resulting in the selection of 88 articles (see
Figure 2). A complete reading of the 88 articles was
carried out in order to understand the approaches of
the different topics across the literature in the area of
Information Science. Other areas of knowledge, such
as business management, public, or production en-
gineering are also publishing about open innovation
and open science. This fact demonstrates that there is a
multidisciplinary interest in the subject, and therefore,
there is the production of knowledge from various per-
spectives.

The retrieval was based on Boolean searches, using the
operator AND’ for the intersection of the terms ‘open
science’ and ‘open innovation’ in order to find papers
approaching OS and OI as compatible terms or those
applying OS practices to innovation processes. If no
result was found with this intersection in one specific
database, as it was the case for BRAPCI and SciELO,
the terms were searched for separately. The approaches
presented in the retrieved papers were contrasted to
find possible overlapping. Conference abstracts re-
trieved in Web of Science and Scopus were excluded
from the final evaluation due to full-text unavailability.
Because of being international databases, the content
available in Web of Science and Scopus usually overlap.
Consequently, eight of the ten articles selected from
Web of Science were already in Scopus. Therefore, to
avoid duplication, just two articles from Scopus were
analyzed.

After that, the concepts of open science and open inno-
vation were connected in a theoretical matrix. Table 1
presents the matrix with the central topics found in
the articles and the number of articles following that

perspective. This matrix shows how OS and OI can
be connected, but also their divergences. The points
of convergence of OS and OI, as well as the relevant
aspects of each movement resulting from the SLR, are
discussed in detail in Section 4.

The analysis of the papers allowed for the construction
of Table 3. The 74 papers were analyzed based on text
marking tags. Table 3 shows the intersection between
open science and open innovation identified in the
papers. In addition to these papers, we incorporated
other RSL about open science and open innovation
which were published separately. There are eight RSL
about open innovation and three about open science.
Because of that, this paper focuses on the connection
between these two concepts. Both lead to a different
mindset in the way research and enterprise activities
are conducted. However, even having overlapping top-
ics, OS and OI develop separately.

Results and Discussion

Two different approaches to open innovation were
identified in the papers. The first approach is related
to the inter-organizational process, so the ideas are
shared internally to create value. The second approach
explains the connections between the organization
and its external context, which is known as the eco-
system perspective. Both of them have something in
common: the knowledge sharing with individuals and
the creativity encouragement through learning.

According to Table 3, most of the papers explain the
creation and dissemination of knowledge, stakehold-
ers partnerships, and knowledge use as a strategic tool.
Therefore, there is a gap in the literature related to the
application of open access in public management, cul-
ture, information management, and in the develop-
ment of individual skills. These gaps are opportunities
for the development of new scientific investigation.

Open Innovation

Most of the companies in emerging economies are cat-
egorized as small or medium enterprises. These busi-
nesses offer job opportunities and economic growth
for the country [Carvalho, Sugano, 2016]. The SLR
demonstrated only 28 papers that study open science
and open innovation in the context of SMEs. Therefore,
there is scope for further research on the opening of
innovation and research projects.

There is a relationship between open innovation and
the development of SMEs since knowledge allows one
to find new markets and influence finances positively.
Open innovation reduces innovation costs and helps
knowledge management create new ideas [Henttonen,
Lehtimaki, 2017; Akinwale, 2018; Bravo-Ibarra et al.,
2014]. In fact, SMEs could develop more innovative
products and ideas by avoiding working in an isolated
way [Friesike et al., 2015]. Group business dissemi-
nates information to improve their research activities.
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Figure 1. Protocol of SLR
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Every organization needs to adopt a specific strategy
to use open innovation such as Citizen Science [Gura,
2013], Open Access, and Open Data [Bernius, 2010;
Sa, Grieco, 2016; Piedra, Sudrez, 2018; Arza et al., 2017;
Cardoso et al., 2009]. The selection of the tool depends
upon the business goals, resources, and the time of in-
novation.

Beyond formal partnerships, businesses can use open-
source software solutions and web-based tools, such
as cloud computing, to apply open innovation strate-
gies and collaboration [Roman et al., 2018; Schlagwein
et al., 2017; Viseur, 2015; Bianchi et al., 2015; Garcia-
Perialvo et al., 2010]. “Strategic partnerships can be
important strategies to be adopted in the context of
disruptive innovations, such as cloud computing”
[Candido, Sousa, 2017]. The connected technology
produces data and information which are shared in
information systems of the business. The government
actions can also encourage the network between busi-
ness and university such as the aerospace industry in
Brazil. This business agglomeration is important for
the economy of Brazil since companies share informa-
tion and sell products to Embraer. Embraer is a Bra-
zilian company which produces airplanes internation-
ally [Armellini et al., 2014].

Partnerships between universities and business com-
plement the skills needed to improve the performance

2020 | Vol. 14 No 4

of the businesses [Azmi, Alavi, 2013; Dewes et al., 2010;
Becker, Eube, 2018; Lucia et al., 2012]. Doing so, they
will encourage open innovation and collaboration be-
tween businesses and universities.

There is an explanation of knowledge dissemination
between partners: “entrepreneurial ecosystems may
be superior to entrepreneurship alone” [Cooke, 2017].
These partnerships may reduce the research costs,
create knowledge, encourage innovation, and share
knowledge from educational organizations [Gold,
2016]. There is evidence of the advantages of Neuro
Open Science created in Montreal demonstrated by
[Gold, 2016], which is considered crucial to the growth
of Neurosciences.

The growth of the collaboration between businesses
and universities guides new insights that influence
innovation. Open innovation allows this relationship
to become a competitive advantage for both partners.
“Given the different motivational backgrounds be-
tween private and public institutions, a symbiotic rela-
tionship becomes evident, where research institutions
enable research capabilities, and private companies
contribute commercialization know-how” [Friesike et
al., 2015].

Open science brings with it the possibility of shared
co-construction and the generation of open innova-
tion to contribute to the public sphere as well as pri-
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Table 1. Classification of the Articles

by Number and Topic

Central Topics Both

Collaborative ecosystems and - - 17
new tools for collaboration

Knowledge dissemination - - 15

Open Source software - - 4

Intellectual property and - - 4
licenses

Human capacities in strategy = = 3

Change in institutional - -
culture

Development for micro- and - 5 -
small enterprises

Emerging technologies in
technology driven enterprises

Open Innovation as key for - 4 -
product development

Information management as
tool for innovation

Open Innovation focused on - 4 -
strategy

Open Innovation in public
management

Public policy development 4 - -
TOTAL 10 64 74

Source: elaborated by the authors.

vate contexts. Although the contributions have been
provided in the last decades, there is still much to be
done in the practices of open science and the chal-
lenges to overcome in order to keep expanding upon
the subject of open science [Ramirez-Montoya, Gar-
cia-Pefialvo, 2018]. The decision to participate in OS
is not only an internal decision of the firm but is also
dependent upon interactions with academic partners
[Simeth, Raffo, 2013].

Open innovation neither refers to knowledge and
technology access nor to knowledge dissemination,
but to forms of decentralized information which are
shared [Dillaerts, 2017; Guichard, Tran, 2006]. The au-
thors use the decentralized expression for such infor-
mation to explain the lack of hierarchy, so information
and knowledge can be disseminated at every level. This
sharing may occur in a virtual environment to create
new data, information, and knowledge [Roman et al.,
2018]. A similar idea is emphasized in [Schlagwein et
al., 2017]: “Openness is an important and powerful
concept, especially in combination with IT. Key “open”
aspects — such as resources access and process partici-
pation - can be increased or enacted in entirely new
ways through IT”

Open innovation is a useful tool since it can be con-
sidered the systematic integration of collaborative,
sourcing, and revealing practices into a firm’s business
strategy [Armellini et al., 2014; Harison, Koski, 2010].
Therefore, businesses can use many methods and tools
to enable partnerships.

Chesbrough [Chesbrough, 2006] highlights the char-
acteristics of open innovation that guide the partner-
ships such as context perception, knowledge creation,
the importance of knowledge sources to organization-
al culture, the role of business models in R&D, acquisi-
tion availability, partnerships of co-development, iden-
tification of project failure, the relevance of knowledge
flow, intellectual property management, the relevance
of intermediaries in the innovation chain, the intensity
of ICT use, and the evaluation of R&D performance.
These characteristics are also present when addressing
collaboration for product development [Katsikis et al.,
2016; Bueno, Balestrin, 2012; Griffin et al., 2014; Ru-
bera et al., 2016] and knowledge management [ Wu, Hu,
2018; Grimsdottir, Edvardsson, 2018; Celadon, 2014].

The elements exposed by [Chesbrough, 2006] are cru-
cial to open organization since they contribute to de-
veloping quality innovation. Furthermore, they help to
evaluate the projects and to face the challenges of open
innovation.

Apart from these challenges, another aspect to be tak-
en into consideration is the institutional and cultural
factors when implementing open innovation practices.
For instance, the open business model studies are al-
most exclusively American and European, leaving Af-
rican countries and other emerging economies out of
the analysis [Khumalo, van der Lingen, 2017].

The type of SME plays a determinant role. Whereas
technology-driven enterprises [Rodrigues et al., 2010;
Henttonen, Lehtimaki, 2017], biotech companies, and
construction companies [Viaisavljevic et al., 2020;
Jamett et al., 2017] might have a stronger connection
with innovation, other industries such as tourism [Igle-
sias-Sanchez et al., 2019] still must define a strategy and
systemized open innovation to explore its potential.

Open Science

For universities and public research institutions, OS
means being able to share research results in an un-
restricted and free of charge manner. This action aims
to achieve a fair way of conducting research, as well as
to create a supportive environment for the rapid and
more accurate development of science. A well-con-
figured OS strategy opens the door for open innova-
tion and contributes to both the public and the private
sphere [Ramirez-Montoya, Garcia-Pefialvo, 2018]. Col-
laborative practices enlarge the number of stakehold-
ers in the research ecosystem, who “will benefit from
Open Science, although it will change work habits and
business models” [Crouzier, 2015].

The concept of the ecosystem is recent in the academic
context. For several authors, a cluster is also an exten-
sion of the value chain. This concept was created due
to the complexity of the current context of clusters that
demand new relationships with the external environ-
ment. Ecosystems are structured in an open innovation
model and combine their ability to generate technolo-
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Table 2. A Comparison between Open Science and Open Innovation

Distinctive Attributes
of OI

Perspectives in OS

Convergence of Perspectives

Sources

New perception of the
external knowledge
generation scenario

Philanthropic perspective —
approaches of science and
research to society

Externally produced knowledge is
considered necessary. Enterprises use
competitive technological intelligence
and science integrates citizen science.
Appropriate open business models are
required.

[Ramirez-Montoya, Garcia-Pefialvo,
2018; Smith, Seward, 2017; Cooke,
2017; Gold, 2016; Viseur, 2015; Freitas,
Dacorso, 2014; Sdnchez-Gonzdlez,
Herrera, 2014; Azmi, Alavi, 2013;
Simeth, Raffo, 2013; Stodden, 2010]

Importance of external
and internal knowledge
sources in organizational
culture and throughout
the process

Reflationary perspective —
knowledge sharing in early
stages and the promotion
of new scientific ideas

External and internal knowledge
sources have a distinctive role.
Enterprises and science open

their knowledge generation cycles

to networks and allow for the
contributions from the first stages of
innovation or research processes.

[Roman et al., 2018; Schlagwein et
al., 2017; Dillaerts, 2017; Arza et al.,
2017; Fressoli, Arza, 2017; Friesike et
al., 2015; Simeth, Raffo, 2013; Touati,
Denis, 2013; Cardoso et al., 2009]

Central role of the
business model in R&D
management

Constructivist

{:)erspective — collaborative
orms of knowledge
creation and new user
models

Technology and scientific results
enlarge the number of available assets
(open technology, open software, open
data, etc.). There is a focus on the
added value.

[Khumalo, van der Lingen, 2017;
Ngongoni et al., 2017; Alvarez-Aros,
Bernal-Torres, 2017; Katsikis et al.,
2016; Carvalho, Sugano, 2016; Bravo-
Ibarra et al., 2014; Bueno, Balestrin,
2012; Saebi, Foss, 2015; Feller et al.,
2011; Berglund, Sandstrom, 2013; Yun
etal, 2016]

Acquisition readiness

Constructivist

perspective — development
and use of virtual exchange
platforms

Enterprises focus their acquisition
efforts on innovative and technology-
based com%anies to improve and
accelerate the technical infrastructure.
Scientific practices use appropriate
infrastructure for data-driven research
with distributed computing as a base.

[Ramirez-Montoya, Garcia-Pefialvo,
2018; Rodrigues et al., 2010; Garcia-
Pefialvo et al., 2010]

Use of co-development

Reflationary perspective —

Innovation and research processes

[Akinwale, 2018; Lopes et al., 2017;

project failures

avoidance of local research
bias and fast error
identification

models characterized by open practices
allow for rapid error identification and
enable process improvement.

partnerships feedback from colleagues | benefit from the collaboration with Merino et al., 2015; Schuster, Brem,
and joint collaborative external partners, leading to enhanced |2015; Scuotto et al., 2020]
knowledge creation results.

Mitigation of R&D Reflationary perspective — | New business and science evaluation | [Jamett et al., 2017; De Pablos-

Heredero et al., 2013; Dewes et al.,
2010; Gerhart et al., 2000; Strasak et
al., 2007; Lee et al., 2012]

Importance of the flow of

Constructivist

Knowledge outputs openly available,

[Armellini et al., 2014; Celadon,

ndings with real-life
applications

science and enterprises. These licenses
amplify the affordability of digital
technology and provide an enhanced
means for social production in the
networked economy.

knowledge outputs perspective — availability | even when not directly connected 2014; Remneland- Wikhamn, 2013;
of open platforms with the main aim of the innovation Calderén-Martinez, 2009, 2010]
and interdisciplinary or research process, can generate new
integration perspectives for the development of

infrastructure or enterprises (such as
start-ups).

Intellectual propertfr Exploitative }f)erspective - | IP management is based on free [Roman et al., 2018]

management mode eneration of scientific licenses, for instance CC licenses in

Importance of new
intermediaries in the
innovation chain

Reflationary perspective —
introduction of groupthink
and idea sharing within the
community

New external intermediaries take over
actions that were previously internal.
This is likely to happen at all stages of
the research or innovation process,
through openly sharing of activities
and acceptingsexternal participation
(e.g., Citizen Science).

[Callon, 2012; Schenk, Guittard, 2012]

Intensity in the use of

Exploitative perspective —
shared construction of ICT
artifacts

The technical infrastructure enables
activity management in both the
innovation and the research process.
Therefore, ICT is considered essential.

[Bianchi et al., 2015; Lakeman-Fraser
et al., 2016; Abbate et al., 2019]

Metrics for the
measurement of R&D
performance

Exploitative perspective —
measurement of research
application in academia
and beyond.

Opening processes involve a renewal
of the metrics used to measure R&D
performance and research article
impact.

[Ajzen et al., 2016; Neely et al., 2005;
Gulbrandsen, Smeby, 2005; Breunig et
al., 2014; Chen et al., 2015]

Source: elaborated by the authors.
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gies with external partnerships. Innovation ecosystem
theory is broader than the concept of systems of inno-
vation, as it goes beyond the regional economy context
and it is normally company- or technology-centered
[Faissal-Bassis, Armelini, 2018].

There is a de facto convergence of academic and in-
dustrial science, especially for application-oriented
purposes, which increases the importance of coopera-
tion and understanding OS practices [Friesike et al.,
2015]. Establishing cooperation models is necessary
for strategic and tactical processes [Martinez-Noya,
Narula, 2018]. The decision to participate in these co-
operation models and the consequent development of
an appropriate open business model depends upon the
internal decisions of the firm and the interactions with
academic partners [Simeth, Raffo, 2013]. In some cases,
these interactions are not only limited to academic and
industrial partners, but they progressively include oth-
er ways of collaboration, for example, with the general
public [Fressoli, Arza, 2017]. In some cases, external
and intermediary actors are essential to generating
new technology, so they need to align their strategies
and interests. Besides, the relevance of the knowledge
and competence of the actors must not be forgotten
[Federer et al., 2020].

Information technologies (IT) offer several tools in or-
der to guarantee interactions among the research eco-
system, inside and outside academia, for instance to
access resources and guarantee process participation
[Schlagwein et al., 2017]. These tools can vary from
online writing tools or academic social networks [Vi-
seur, 2015] to virtual research environments (VREs).
In fact, it is suggested that VREs “foster the transfer of
research data from university to industry and its ex-
ploitation to generate new data sets, information and
knowledge” [Roman et al., 2018].

Apart from that, IT solutions expand the scope and
openness of academic research [Abbate et al., 2019;
Arza et al., 2017]. Up to now, scientific public goods
were limited to textual publications, however, nowa-
days, open data and open infrastructure are also part
of these goods. Consequently, the use of new forms of
evaluation of scientific production that include these
research assets is required. Examples are usage met-
rics (measuring downloads and savings), alternative
metrics (measuring research impact in Wikipedia,
blogs, news, bookmark tools, and social media), or
data citation.

If a well-configured OS strategy is combined with a
well-configured OI strategy, enterprises will be more
open to joining the research ecosystems that benefit
their activities.

Intersection between Open Science and Open
Innovation

There are distinguishing features between the attri-
butes of OI in contrast with closed innovation [Ches-

brough, 2006]. In order to see the intersection between
OS and OI, we contrasted these attributes with the per-
spectives in OS described by [Friesike et al., 2015] and
introduced above.

The following table (Table 2) presents a comparison be-
tween the attributes of OI and the perspectives in OS.
The aim is to identify a convergence of the perspectives
and distinguish possible areas for joint action.

In the process of open innovation, the involved indi-
viduals develop the perception of the scenario and the
relevance of knowledge generation. At the same time,
open innovation aims to provide information and
knowledge through quality sources [Ramirez-Montoya,
Garcia-Pefialvo, 2018; Smith, Seward, 2017; Cooke,
2017; Gold, 2016; Viseur, 2015; Sdnchez-Gonzdlez, Her-
rera, 2014; Freitas, Dacorso, 2014; Azmi, Alavi, 2013; Si-
meth, Raffo, 2013; Stodden, 2010]. Thus, it manages the
results of production through collaborative networks
and, eventually, through social networks for users [Vr-
govic et al., 2012; Liu et al., 2017]. Therefore, learning
about academic information enables the understand-
ing of the context and creates strategies to overcome
the challenges.

The relative importance of knowledge [Secundo et al.,
2019; Akinwale, 2018] sources should be emphasized
in a company’s culture, as managers and employees
start to value the sources of quality information. The
opening of the innovation processes is marked by the
massive production of data and information [Schwab,
2016], so they must know how to deal with false in-
formation. In the academic field, open science seeks
to provide information and knowledge through qual-
ity sources. That is why it is considered necessary to
publish partial results and research data from the early
stages of the process. On the other hand, a way to re-
view these early-stage results is required to guarantee
content quality. In this sense, some platforms are de-
veloped for the evaluation of results by the scientific
community, for example RIO (for grant proposal), Hy-
pothesis.is (for commenting openly), or Protocols.io
(for protocols and workflows).

The management of the development of new products
and services is necessary as there is a progressive in-
crease in information [Nambisan et al., 2017]. Such an
increase also occurs in universities. Therefore, editors
must manage scientific articles, authors, and review-
ers for the organization of the process. In this sense,
new evaluation possibilities and methodologies are
also valued, for example, collective evaluation on open
platforms, especially when dealing with large data sets
and not with a single textual publication, as explained
in the project FOSTER Open Science.

Time becomes a great challenge because the academic
knowledge focused on business competitiveness must
obey the deadlines, be developed with quality, and
done so more rapidly in order to accompany the busi-
ness transformations. To this end, the partnership be-
tween enterprises and universities is central for both
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organizations to benefit from collaborative learning
[Chesbrough, 2015].

Open innovation partnerships require readiness for
technological and human capital acquisitions [Belen-
zon, Schankerman, 2015]. Open science also needs to
invite researchers considered relevant to the field. It
must have an online domain and be easy to communi-
cate with the user. Besides, both open science and open
innovation are looking for innovative methods [Ches-
brough, 2006] suitable for new intelligent production
methods and spaces. Examples of these spaces are vir-
tual research environments or makerspaces.

The use of co-development partnerships occurs
through research institutions, universities, industrial
clusters, companies, trade and industrial associations,
and government agencies [Roman et al., 2018]. In the
context of open science, many partnerships are made
through virtual collaboration [Friesike et al., 2015;
Simeth, Raffo, 2013]. In addition, research groups at-
tract international knowledge due to open access to
publications. Therefore, the interlocking relationships
between innovation and open science can bring to-
gether various organizations to share the results of the
research and development of practical projects as well
as forms of joint project funding with the government.

The mitigation of project failures means analyzing the
problems that arose during the collaborative innova-
tion project. This phase makes it possible to improve
processes and save time in the future. In open science,
results are available from the beginning of the research
cycle, which allows peers to identify their failures and
evaluate projects that have not worked to improve
processes. As many companies are still in transition
to open innovation, this process is crucial in order to
adapt the organizational routine to achieve the pro-
posed goals.

Open innovation has as its central focus the flow of
knowledge outputs. This flow is the product of learn-
ing between the companies and organizations involved
in the partnership. Open access values the availability
of information to generate knowledge [Bernius, 2010;
Jamett et al., 2017; Pitassi, 2012]. Thus, journals value
the publication of the numbers and share them with
the companies and industrial agglomerations. Thus, it
can offer a useful service, disseminating quality knowl-
edge to both researchers and professionals.

New ideas and innovation are transformed into intel-
lectual property by companies. Thus, they apply mod-
els of management of this property [Brem et al., 2017].
In this sense, it is convenient to analyze the application
of open licenses, both for scientific and business prod-
ucts, to reduce costs and ensure sustainability. Thus,
innovation and open science are concerned both with
intellectual property and the right to ideas in universi-
ty-business partnerships [Roman et al., 2018].

The importance of intermediaries in the innovation

chain influences the information flows of open inno-
vation since the actors need to share knowledge intel-
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ligently. Effective communication between the evalu-
ator and the researcher is a key factor for open sci-
ence, which is why the open-peer review is introduced.
Communication plays a crucial role in the insertion of
external actors (e.g., citizen scientists) to have control
over data collection and the obtaining of results [Lewis,
2020; Callon, 2012; Schenk, Guittard, 2012]. It is neces-
sary to know the limitations of the research or proj-
ect, suggest clear improvements, remove doubts from
users, and manage exchanges between academics and
managers.

The intensity in the use of ICT and measures of per-
formance evaluation of R&D are also part of the con-
cepts of open innovation. Open science uses modern
systems and online domains to organize and process
information [Doyle et al., 2019; Alvarez-Aros, Bernal-
Torres, 2017; Khumalo, van der Lingen, 2017; Katsikis
et al., 2016; Carvalho, Sugano, 2016; Bravo-Ibarra et
al., 2014; Bueno, Balestrin, 2012; Ngongoni et al., 2017].
The focus is on those who respect a sustainable infor-
mation architecture and ensure that data is findable,
accessible, interoperable, and reusable. Open science
and open innovation contribute to the dissemination
of partnerships between academia and business, stim-
ulating them in emerging economies [Chaston, Scott,
2012; Kafouros, Forsans, 2012]. Such partnerships pro-
vide the opportunity to take advantage of market op-
portunities in Industry 4.0 [Carvalho, Sugano, 2016].
In the context of Industry 4.0, ICTs are considered
intelligent because they are connected, produce, and
transfer data and information. The framework below
illustrates the connection between open science and
innovation.

Open Science and Open Innovation in Emerging
Economies

Given the inclusion in the SLR of databases such as Sci-
ELO, whose scope is mainly Latin America and some
African countries (such as South Africa), the SLR also
delivered some facts about OS and OI approaches in
emerging economies.

As stated by [Friesike et al., 2015], SMEs represent
the most significant number of companies within an
economy. However, the issue of how SMEs in emerg-
ing economies can benefit from open innovation prac-
tices has not been explored in depth in the literature
[Khumalo, van der Lingen, 2017] and there is a need
for designing requirements for an open innovation ap-
proach in these economies [Krause, Schutte, 2015].

In some cases, the need for a basis for technology
transfer and knowledge management is pointed out in
order to create a solid industrial network [Lehtimaki
et al., 2009; Valencia-Vazquez et al., 2014; Jamett et al.,
2017; Pitassi, 2012]. Such a solid network allows for
crossing firm boundaries and implies that both inter-
nal and external knowledge can find their way to com-
mercialization for existing or new markets [Ampon-
sah, Adams, 2017; Akinwale, 2018] and find potential
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new clients [Merino et al.,, 2015]. Collaboration with
academic partners might also lead to the better devel-
opment of public policies for idea generation, activity
control, and patent registry [Bianchi et al., 2015; Gar-
cia-Pefialvo et al., 2010]. It is worth mentioning that
the validation of collaborative practices also involves
an in-depth study of IP and IP policies in open innova-
tion strategies [Hagedoorn, Zobel, 2015; Lichtenthaler,
2010; Bianchi et al., 2015; Bravo-Ibarra et al., 2014].
The development of these policies turns governments
also into important actors in the OS and OI process
[Sa, Grieco, 2016; Yoon, 2017; Freitas, Dacorso, 2014].

How OS and OI are addressed in a particular territory
has a strong dependence upon culture. More collectiv-
istic societies, such as China, are more likely to favor
cooperative initiatives, whereas other societies might
follow a more individualistic approach [Cooke, 2017].

Cultural aspects also affect the modus operandi of a
community. In some cases, the adoption of open strat-
egies generates a “culture of the fear” Among the sci-
entific community, it is fear of information misuse or
misinterpretation [Fressoli, Arza, 2017]. Among enter-
prises, it is fear of sharing strategic information, even
though this sharing might attenuate risks and increase
efficiency [Riley et al., 2016; Candido, Sousa, 2017; De
Pablos-Heredero et al., 2013]. In fact, this dissemina-
tion can occur ethically, for instance, following best
practices for knowledge sharing such as the adoption
of open licenses in both academia and industry. In this
sense, enterprises benefit from ecosystem engagement
and value creation when building a culture of collabo-
ration and information-sharing [Ngongoni et al., 2017].

Another aspect highlighted in the literature about
emerging economies is the building of new competen-
cies. One of the primary motivations for collaboration
between universities and enterprises is the reduction
of time for innovation by means of learning [Morandi,
2013; Perkmann, Walsh, 2007; Lopes et al., 2017]. As a
result, individuals can acquire and develop new skills
during their practices in the process of open innova-
tion. Furthermore, they can learn from the informa-
tion openly available in a long-life learning process.
Therefore, enterprises should focus on the role of hu-
man talent as a strategy to boost innovation capacities
[Bartelsman et al., 2015; Alvarez-Aros, Bernal-Torres,
2017]. On the other hand, universities might adopt an
intermediary role offering the knowledge and exper-
tise on new technologies and on information literacy
[Ottonicar et al., 2018]. Connected technology, such
as cloud computing, produces data and information
which are shared in the information systems of the
businesses, requiring sustainable infrastructure for
data archiving and preservation.

Finally, innovative activities in enterprises should be
monitored as a way to evaluate performance. On the
other hand, inside academia, the way research perfor-
mance is evaluated should also consider further pa-

rameters due to the fact that research outputs embrace
not only articles but also data or infrastructure [Arza
et al, 2017].

Open science and open innovation practices can be
adopted simultaneously by academics, researchers,
managers, and employers in the partnerships. The aim
is to share information and knowledge about processes,
products, and services which are demanded by con-
sumers in a technology-driven context, which requires
immediacy in development. Public policies serve as
the first step for university-enterprise engagement in
emerging economies. Apart from that, it is necessary
to establish workflows that help in the management
data, information, and knowledge transfer between all
stakeholders. According to [Serrano-Bedia et al., 2018]
a variety of sources of knowledge influence innovation.
Therefore, stakeholders are relevant sources of knowl-
edge.

This paper proposes the following framework (Fig-
ure 2) so that innovation can be achieved by the con-
nection between OS and OI.

Open science is connected to policy makers because
scientific knowledge contributes to the development of
economic policy [Sa, Grieco, 2016; Arza et al., 2017;
Freitas, Dacorso, 2014]. Open innovation encourages
the relationship between business, research institutes,
and the government, and it creates an organizational
structure to connect business, universities, and policy
makers.

Both open innovation and open science generate and
use knowledge. Lifelong learning creates knowledge
[Fletcher et al., 2010; Jamett et al., 2017; Pitassi, 2012].
That learning is based on applied and basic research
[Akinwale, 2018; Alvarez-Aros, Bernal-Torres, 2017].
Therefore, knowledge and infrastructure influence
business competitiveness [Serrano-Bedia et al., 2018].
Furthermore, competitiveness needs open science,
open innovation, and public policy to encourage
knowledge sharing between business and universities
[Bianchi et al., 2015; Garcia-Pesialvo et al., 2010].

Economic policy must encourage open innovation to
help businesses grow through partnerships [Schuster,
Brem, 2015; Freitas, Dacorso, 2014]. Researchers must
study the fact that “the public action towards innova-
tion has changed to foster more collaborative and open
innovation” [Jugend et al, 2020]. Therefore, policy
makers, open innovation, and open science influence
the competitive advantage of countries.

Conclusions

In this paper we performed an SLR to delve into the in-
tersection between open science and open innovation
and demonstrate how emerging economies can benefit
from this connection and apply it in further product
developments. Only 28 papers connected both themes,
so we encourage both fields of business management
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and information science to develop research about the
subject.

The SLR demonstrated that most papers connect open
science and open innovation in “collaborative ecosys-
tems and new tools for “collaboration” and “knowledge
dissemination” Only a few papers mentioned the de-
velopment of open-source software, intellectual prop-
erty and licenses, and human skills for strategy and
organizational culture change. Furthermore, some pa-
pers had a multidisciplinary perspective because they
identified the relevance of open science to cultural in-
fluence and public organization management.

Open science and open innovation can be connected
to improve knowledge sharing, stakeholders’ part-
nerships and this can be done in the context of SMEs.
Furthermore, the papers explained open science and
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open innovation as a strategy to achieve competitive-
ness, financial performance, and the development of
human capital focused on creativity, entrepreneurship,
disruptive technology, product innovation, and public
management.

Open innovation creates a new structure in the ecosys-
tem because it connects businesses, universities, and
the government. Open science shares theoretical and
practical knowledge in order to feed open innovation.
Furthermore, open science provides information for
the development of economic policy.

There is a gap in the literature which connects open
science and open innovation in developing countries.
That type of research is relevant since emerging econo-
mies have difficulties related to financial investment
and qualified human capital. Furthermore, the major-

Figure 2. Innovation Flow Combining Open Science and Open Innovation
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ity of companies are SMEs, so they need to be the focus
of economic policy.

The topic of this paper is recent and innovative. There
were not a lot of papers that discuss open science and
open innovation together. If we restricted our search to
only high impact journals there would not be enough
evidence for a rigorous analysis. A more exploratory
research approach allowed us to look at a broader base.

Furthermore, we used other databases to retrieve pa-
pers in French, Portuguese, and Spanish. The SLR in
other languages helped us to identify how emerging
economies like Latin America have studied the topic
to improve their economy. SciELO and BRAPCI are
databases that share papers from Latin America, which
includes emerging economies.

In conclusion, the connection between open science
and open innovation is fundamental to encouraging
partnerships between businesses and universities. This
kind of partnership contributes to the economy of de-
veloping countries. Industry 4.0 is a challenge for de-
veloping countries since it demands high investment
in smart technology and people training. Open access
and open innovation may be used by these countries
as part of their economic strategy to overcome these
challenges.

This paper is not free from limitations. The first limita-
tion is based on language due to the authors’ knowl-
edge, only papers in English, Portuguese, Spanish, and
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