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Abstract

The innovative performance of manufacturing and service companies can be impacted by
the existing relationship between open innovation (Ol) and the generation of confidentiality
agreements (NDAs) as a tool for the protection of intellectual property. Based on the analy-
sis of a cross-sectional sample of 6,798 industrial companies (2019-2020) and 9,304 com-
panies in the service sector (2017-2019) that are part of the directory of the National
Administrative Department of Statistics (DANE) in its Technological Innovation and Devel-
opment Survey (EDIT and EDITS), it can be suggested that the interaction of these two vari-
ables (Ol and NDAs) generate positive effects for the manufacturing industry but negative
ones for the service sector. It could be deduced that the positive effect is due to the greater
tradition of Ol in the manufacturing industry and the negative effect to the caution that the
service sector presents when collaborating with external actors.

Introduction

Open Innovation (OI) is a collaborative approach to innovation that allows working with
external partners to create shared value [1]. This OI approach is different from the traditional
closed innovation approach, which focuses on in-house R&D and technology patents for
exclusive use. A clear example of open innovation (IO) in the manufacturing industry is the
association with suppliers that allows the development of new technologies and/or materials.
Another example is the association with universities to investigate new manufacturing pro-
cesses. In the case of the service industry, companies can work in collaboration with startups
and develop new digital platforms or with their clients to co-create new service offerings.

OI has become an inevitable strategy in terms of business competitiveness, different authors
examine the concept and types of open innovation practices, as a fundamental axis of
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manufacturing and service companies [2,3], however, it is necessary to understand that there
are different OI practices including inbound, outbound and coupled innovation [4] since by
combining these with corporate risk and organizational strategy, a competitive advantage can
be generated [5]. Open innovation can take many forms, including co-creation with the cus-
tomer, informal networking, college scholarships, crowdsourcing, joint ventures, market-
ready product sales, donations to commons, and spin-offs [6].

The OI produces different commercial benefits, as indicated by some research, with access
to knowledge and experience being the two fundamental axes of development and manage-
ment that allow the reduction of research and development costs, improving the time to mar-
ket [1,7]. OI allows companies to tap into a broader pool of knowledge and experience than
they would otherwise have access to through in-house research and development alone, this is
one of the main benefits of OI. With this in mind, companies can take advantage of the experi-
ence, resources, and capabilities of their partners to accelerate innovation, reduce costs, and
improve the quality of their products and services by working with external partners.

This protection of confidential and sensitive data and intellectual property rights, constitu-
tionally protected, creates the ideal conditions for OI, since business relationships are marked
by objective good faith that guides the behavior of the parties throughout the contractual iter
and ranges from the voluntary acceptance of the contractual stipulations until after its termi-
nation, within the framework of "loyalty, diligence, honesty, probity, transparency” [8], creat-
ing the obligation to abide by contractual clauses such as the rebus sic stantibus, the
prohibition of obtaining harm from others, and the protection of the contractual synallagma
among other private provisions under private law.

The innovative performance of manufacturing and service companies can be impacted by
the existing relationship between open innovation (OI) and the generation of confidentiality
agreements (NDAs) as a tool for the protection of intellectual property. Based on the analysis
of a cross-sectional sample of 6,798 industrial companies (2019-2020) and 9,304 companies in
the service sector (2017-2019) that are part of the directory of the National Administrative
Department of Statistics (DANE), it can be suggested that the interaction of These two vari-
ables (OI and NDAs) generate positive effects for the manufacturing industry but negative
ones for the service sector. It could be deduced that the positive effect is due to the greater tra-
dition of OI in the manufacturing industry and the negative effect to the caution that the ser-
vice sector presents when collaborating with external actors.

This article is divided into four sections. The first section presents the review of the litera-
ture that inspires this research and focuses on showing how open innovation and confidential-
ity agreements are related to innovative performance in the manufacturing and service
industries. The second section has the econometric model and data and discusses the strategy
for identifying the estimated effects in the zero-inflated Poisson model. The third section
shows the descriptive statistics and presents and analyzes the research results. Finally, the
fourth one presents the conclusion.

Literature review

Open innovation (OI) is a collaboration that can be included in the research and development
phase, co-creation of products and services, and joint exploration of new markets. Open inno-
vation can be very effective in expanding the scope of innovation, drawing on the knowledge
and experience of a wide variety of actors and it can enable to obtain competitive advantage
and take advantage of market opportunities [3].

OI has become an increasingly popular approach for driving innovation and improving
competitiveness in the manufacturing and service industries. However, the collaborative
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nature of open innovation can create challenges around confidentiality and intellectual prop-
erty. Open innovation (OI) is a paradigm that suggests that firms can find useful ideas not
only inside but outside of them [1]. For this reason, companies collaborate with external part-
ners, such as customers, suppliers, universities, innovation and research center, business incu-
bators, spin off, and startups, to generate valuable ideas and innovative solutions, it implies the
collaboration between interdependent actors where the trust in capabilities of others deter-
mine the value creation [9].

The OI can be very effective in expanding the scope of innovation, based on the knowledge
and experience of a wide variety of actors that allows obtaining a competitive advantage and
taking advantage of market opportunities [3], developing new products and new processes and
creating value, which can lead to more focused and effective innovation [10] which makes OI
long-term strategy implemented by the firms as a result of organizational learning that gener-
ates sustainable competitive advantages and increases in a knowledge management capacity [2].

Consequently, it is strategic for firms that their trade secrets and innovations are protected
under the contractual protection of instruments for the protection of intellectual property
(PPI). Protecting intellectual property is essential for companies to maintain their competitive
advantage and their ability to innovate in the future, especially since OI develops an ambigu-
ous and complex scenario in social terms; consequently, it becomes a generator of imitation
barriers for competitors and a driver for the protection of "informal” intellectual property.
This informal approach is especially attractive to companies in developing economies, where
formal institutional protection of the intellectual property is weak [11].

In this sense, the firms implement legal figures such as confidentiality contracts that solve
the demanding challenges that firms face when there are several actors involved in the develop-
ment of innovation [12]. Talking about them means establishing a relationship of trust
between the company and its external partners, allowing them to share sensitive information
without fear of it being disclosed to third parties without consent, this being a solid driver for
OI [11,12]; in the understanding that trust improves the exchange and acquisition of resources
while reducing conflicts [13,14].

In other words, OI and confidentiality agreements promote the innovative performance of
companies by allowing them to collaborate with a broader set of external actors and protect
their innovations, in contrast, not implementing PPI strategies could trigger an adverse effect
on the OI and innovative performance [15]. For this reason, companies must be willing to
share their knowledge and thus collaborate with other interested parties to ensure the appro-
priability of innovation in a safe manner, which is known as formal OI [10].

In terms of confidentiality agreements, the literature recognizes the importance of NDAs
due to the fact that knowledge is a critical resource for the innovation, competitiveness and
survival of organizations [16], and their constitutional support and their legal implications, as
well as the potential benefits and drawbacks of using such agreements [17,18].

In the case of Colombia, confidentiality agreements are based on the principle of good
faith. For Chinchilla [8], "good faith is a" higher principle of law ", and therefore constitutes
one of the founding elements of our legal tradition". This constitutional principle is closely
related to the principles of law, legitimate expectations, and legal certainty. This principle of
natural law is enshrined in the Colombian Constitution in its article 83, this principle privi-
leges "loyalty, rectitude, balance, honesty, diligence, transparency, protection of trust” in con-
tractual relationships establishing a legal bond of legitimate trust, which reaffirms that
legitimate trust derives from the principle of good faith, as the constitutional court has repeat-
edly indicated in judgments C-478/1998, T-020/2000 and T-1094/2005 [19].

On the other hand, confidentiality agreements are essential to protect a company’s trade
secrets and innovations. These agreements establish a relationship of trust between the
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company and its external partners, allowing them to share sensitive information without fear
of it being disclosed to third parties without consent [10]. Protecting intellectual property is
critical for companies to maintain their competitive advantage and ability to innovate well into
the future, above all because OI presses causal ambiguity and social complexity, creates imita-
tion barriers for competitors, and provides "informal" intellectual property protection. This
informal approach is especially attractive to companies in developing economies, where formal
institutional protection of the intellectual property is weak [11].

But there is a negative side, since the contractual effort could be an obstacle in the medium
term to generate new OI processes because the confidentiality of this can reduce the levels of
transparency, especially regarding the use of previously obtained results becoming a barrier to
the promotion of new OI projects [20], in fact, authors such as Hallberg and Brattstrom [21],
Noh and Lee [22] and Toma et al. [23] agree that intellectual property makes it difficult to
share knowledge.

In summary, open innovation and confidentiality agreements are two critical factors in
driving innovative performance in the manufacturing and service industries. Companies must
strike a balance between collaborating with external partners and protecting their confidential
information and trade secrets to fully reap the benefits of open innovation. By doing so, they
can accelerate innovation, reduce costs, and improve the quality of their products and services,
which ultimately leads to greater competitiveness and profitability.

Combine both

Together, open innovation and non-disclosure agreements can boost companies’ innovative
performance by enabling them to collaborate with a broader set of stakeholders and protect
their innovations in the process. Additionally, open innovation can help companies identify
new business opportunities and improve their understanding of the market, which can lead to
more focused and effective innovation. Overall, these strategies are critical for companies to
maintain their competitive edge and continue to innovate in today’s ever-evolving market-
place. Despite this, there is a negative side, since the contractual effort could be an obstacle to
generating other OI processes because the confidentiality of the agreement decreases the trans-
parency to obtaining information and starting a new OI project using the results of the previ-
ous ones [20].

Innovation is a critical factor in driving competitiveness and profitability in the
manufacturing and service industries. To stay ahead of the competition, companies must con-
tinually develop new products, services, and processes. Open innovation, a collaborative
approach that involves working with external partners to co-create value, has become an
increasingly popular approach for driving innovation and improving competitiveness. How-
ever, open innovation can create challenges around confidentiality and intellectual property,
as companies must share their knowledge and expertise with external partners. Discussion is
current, for example some authors study some way different relation, and argue that there
exists a need of protecting intellectual property and this is a boost of open innovation [11].

In today’s rapidly changing business environment, innovation is key to success and survival
in both the manufacturing and service industries. Companies are increasingly turning to open
innovation, a collaborative approach that involves working with external partners such as cus-
tomers, suppliers, universities, and startups, to drive innovation and improve their competitive
position [24]. Open innovation can take many forms, including partnerships, joint ventures,
licensing agreements, and crowdsourcing. However, open innovation can also create chal-
lenges around confidentiality and intellectual property, which must be managed through
robust confidentiality agreements.
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Companies must balance the benefits of collaboration with the need to protect their confi-
dential information and trade secrets. In this article, we will explore how open innovation and
confidentiality agreements are key factors in driving innovative performance in the
manufacturing and service industries.

Faced with the possible reasons that imply that a confidentiality agreement facilitates inno-
vative performance, there is the constitutional and protective development that has been gen-
erated around private law, since in commercial law contracts constitute the law for the parties
covered by the principles of good faith, the principle of legitimate trust and the legal certainty
that arises from the contractual relationship. Explaining the foregoing, it should be noted that
in Colombia the principle of good faith is constitutionalized in Article 83 of the 1991 political
constitution. The principle of Segura legitimate trust indicates that this principle derives from
the principle of good faith taking into account jurisprudence and doctrine, for which it cites
judgments C-478/1998, T-020/2000, and T-1094/2005 of the Constitutional Court [19].

In sum, open innovation and confidentiality agreements are two critical factors in driving
innovative performance in the manufacturing and service industries. Companies must strike a
balance between collaborating with external partners and protecting their confidential infor-
mation and trade secrets to fully realize the benefits of open innovation. By doing so, they can
accelerate innovation, reduce costs, and improve the quality of their products and services,
ultimately leading to improved competitiveness and profitability.

Method, model, identification strategy and data

There are many observations of zero in the total innovations (76.3% manufacturing and 77.8%
services), that is, not all companies innovate despite the benefits of doing so. However, having
many non-innovative signatures is not a problem if the fact that the variable takes the value 0
can be interpreted in two different ways, in such a way that we maintain the condition that
occurs for a certain data generation process. When this is the case, zero-inflated models (Zero-
inflated Poisson ZIP, model or Zero-inflated negative binomial ZINB) can provide better
results than Poisson and/or negative binomial models, since they do not take into account in
the estimation of these possible differentiating aspects, while the inflated zeros assume that the
dependent variable is the product of a binary law and a Poisson law or negative binomial [25].

Data

The sample is made up of the number of companies reported in the Technological Develop-
ment and Innovation Survey for the manufacturing and services industry (EDIT and EDITS).
This database is made up of a cross-section of 6798 industrial companies (2019-2020) and
9,304 companies in the services sector (2017-2019), which are part of the DANE directory.
The objective of these surveys is to characterize the dynamics of technological development of
the manufacturing and service companies in Colombia, in terms of intensity and trajectory of
innovation and technological development activities, to evaluate the incidence of public policy
instruments, and to establish the types of occupational profiles applied in the different areas or
departments of the companies.

In this study, innovative performance in products, processes, markets, and organizations is
used as a dependent variable, in a binary context (1 = yes, it innovates; 0 = otherwise) and on a
discrete, non-negative scale (innovation count). Counting marketing innovations, this variable
is characterized by a high number of zero observations and few observations with high positive
values, so it could be inferred that it follows a negative Poisson or binomial distribution. From
the dependent variable, it will be observed that there is a causal relationship between the con-
glomerates and the variation of innovative performance.
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From the information available in the EDIT and EDITS, the dependent and independent
variables to use are the following:
Dependent variables:

1. Count of innovations in products, processes, markets, and organizations of the firms.

2. Binary of not innovating in products, processes, markets, and organizational firms
(1 = does not innovate; 0 = Innovates).

Independent variables. To explore:
1. Company size: Number of company employees in logarithms.

2. Source of vertical ideas: Equal to 1 if the company uses customers or suppliers as sources of
information for innovation. Equal to 0 otherwise.

3. Source of ideas from universities and research centers: Equal to 1 if the company uses uni-
versities and R&D centers (Technological Development Centers -CDT and Research Cen-
ters) as sources of information for innovation. Equal to 0 otherwise.

4. Demand Push: It is a binary variable, equal to one if the company expresses as very impor-
tant the improvement in the quality of the goods or services and the expansion in the range
of goods or services offered [26]. Equal to 0 otherwise.

5. Highly qualified personnel refers to employed personnel with master’s and doctoral degrees
over the total personnel.

6. Qualified personnel: Refers to employed personnel with undergraduate training and spe-
cialization over the total personnel.

7. R&D expenses: Logarithm of the investment in internal and external R&D activities.

8. Confidentiality Agreements: A dummy variable related to the existence of Confidentiality
Agreements in the industry and services sector.

9. Open Innovations: A dummy variable that includes the resource of any of these sources of
information for science, technology, and innovation activities: Clients, Suppliers, techno-
logical development centers, autonomous research centers, incubators for technology-
based companies, and Training centers and/or technoparks, regional productivity centers,
and universities.

Results

Tables 1 and 2 present the descriptive statistics of the main variables of the information
obtained in the survey carried out on 6798 Colombian manufacturing firms and 9304 firms in
the services sector. According to the descriptive statistics of Table 1, the total innovations were
on average 0.9 in manufacturing firms and 0.8 in firms in the services sectors, which indicates
a low value in the innovation performance.

The results in Tables 3 and 4 suggest that open innovation is positively associated with over-
all innovative performance in the manufacturing and service industries. Companies that
reported using open innovation also reported higher levels of innovative performance, such as
a higher number of patents filed, a higher number of new product introductions, and a higher
percentage of revenue from new products. However, the results also suggest that the use of
confidentiality agreements is a critical factor in maximizing the benefits of open innovation.
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Table 1. Descriptive statistics manufacturing industry.

Variable Obs Mean Std. Dev. Min Max

Total Innovations 6798 927 3.792 0 189
Process Innovations 6798 227 .982 0 25
Product innovations 6798 485 2.927 0 185
Marketing Innovations 6798 117 474 0 10
Organizational Innovations 6798 .098 495 0 10
Size (logs) 6798 3.731 1.305 .405 8.01
R&D Intensity (logs) 654 5.738 2.06 -3.252 10.474
Qualified Personnel 6798 .316 222 0 1
High Qualified Personnel 6798 .005 .017 0 .5
Demand Pull 6798 216 411 0 1
Open Innovations 6798 317 .832 0 9
Confidentiality agreements 6798 132 .339 0 1
Open Innovations and Confidentiality agreements 6798 .06 .238 0 1

Source: EDIT-EDITS-DANE.

https://doi.org/10.1371/journal.pone.0303802.t001

The results of the zero-inflated Poisson regression models indicate in the manufacturing

industry that confidentiality agreements generate negative effects on marketing and organiza-

tional innovations and in the services sector a positive result of confidentiality agreements on
total innovations and innovations. products. This result shows an interesting contrast in the
economic sectors, in favor of the regularization and risk mitigation of trade secrets and intel-
lectual property of a company in the service sector and manifesting a barrier at the time of gen-

erating good innovative performance in an industrial company.

The findings also suggest that confidentiality agreements are essential to protect a com-
pany’s trade secrets and intellectual property in the service sector. Companies reported that
they use confidentiality agreements to manage the risks associated with open innovation and
that they see these agreements as an important tool to protect their intellectual property. The

study also identified best practices for managing confidentiality in open innovation.

Table 2. Descriptive statistics services sector.

Variable Obs Mean Std. Dev. Min Max

Total Innovations 9304 .83 6.273 0 436
Product Innovations 9304 475 5.967 0 436
Process innovations 9304 .105 .593 0 23
Marketing Innovations 9304 .101 419 0 11
Organizational Innovations 9304 .149 .648 0 32
Size (logs) 9304 4.384 1.295 405 9.296
R&D Intensity (logs) 868 6.095 2.017 -.157 12.678
Qualified Personnel 9304 422 283 0 1
High Qualified Personnel 9304 .016 .062 0 1
Demand Pull 9304 242 428 0 1
Open Innovations 9304 .384 1.022 0 9
Confidentiality agreements 9304 .163 .369 0 1
Open Innovations and Confidentiality agreements 9304 .068 252 0 1
Source: EDIT-EDITS-DANE.

https://doi.org/10.1371/journal.pone.0303802.t002
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Table 3. Zero inflated poisson models manufacturing industry.

VARIABLES

Size(logs)

R&D Intensity (logs)

Qualified Personnel

High Qualified
Personnel

Demand Pull

Open Innovation
(dummy)

Confidentiality
agreements

Open Innovation X
Confidentiality
agreements

Constant

Observations

1

Total

Innovation

0.247%**
(0.0133)
0.132%**
(0.0100)
-0.124
(0.109)
3.064%**

(0.786)

1.242%%*

(0.130)
0.325%**

(0.0598)
-0.157

(0.100)
0.543***

(0.108)
-1.990%**
(0.166)
654

Standard errors in parentheses.

=% 20,01
* p<0.05

* p<0.1.Source: EDIT-EDITS-DANE.

(2

inflate

0.157
(0.290)
0.329*
(0.196)

1.186
(2.171)
-65.73

(51.36)
-17.79

(488.7)
1.455

(1.042)
0.687

(1.374)
-1.535

(1.581)

-4.090*

(2.219)
654

https://doi.org/10.1371/journal.pone.0303802.t003

3) “@ (5 (6) (7) (®) &) (10
Product inflate Process inflate Marketing inflate Organizational inflate
Innovations innovation Innovations Innovation

0.3027*** 0.428*** 0.205*** -0.133 0.203*** 0.129 0.231*** 0.0595
(0.0179) (0.111) (0.0356) (0.105) (0.0610) (0.181) (0.0613) (0.137)
0.138*** -0.0170 0.139*** 0.0396 -0.0650* -0.221** 0.0458 -0.0555
(0.0141) (0.0693) (0.0289) (0.0908) (0.0385) (0.0887) (0.0434) (0.0886)
0.0453 0.314 -0.0971 1.637* 1.712%%* 4.646™** 0.950* 2.502**
(0.147) (0.843) (0.321) (0.861) (0.469) (1.387) (0.494) (1.042)
1.623 1.719 5.092%** 0.0320 5.025 9.624 -2.358 -12.53
(1.253) (7.873) (1.734) (5.663) (3.733) (7.627) (3.417) (9.637)
1.862%** -2.466*** 0.301 -1.657*** 1.190%** 0.691 1.356*** 0.760
(0.523) (0.705) (0.210) (0.376) (0.448) (1.392) (0.516) (1.490)
0.101 -0.704** 0.110 -0.465 0.0138 -0.691 0.0754 -0.394
(0.0859) (0.343) (0.157) (0.418) (0.251) (0.505) (0.346) (0.573)
-0.183 0.417 -0.207 -0.324 -1.107*** -14.85 -0.775** -13.19
(0.154) (0.452) (0.257) (0.637) (0.336) (750.6) (0.372) (418.2)

0.580*** -0.852 0.529* 0.503 1.325%** 14.80 1.224%** 13.07
(0.164) (0.550) (0.275) (0.713) (0.383) (750.6) (0.408) (418.2)
-3.197%%* -0.974 -1.859*** 0.766 -2.715%%* -2.037 -3.321%%* -1.229
(0.534) (1.061) (0.345) (0.859) (0.579) (1.606) (0.728) (2.000)

654 654 654 654 654 654 654 654

Tables 3 and 4 show us interesting results to analyze in the control and interest variables of
this research. The Schumpeterian hypothesis related to company size is fulfilled. This tells us
that as the company, regardless of the sector to which it belongs, is larger, it will support
greater technological and non-technological innovative performance. Larger companies usu-
ally have the greater resources to hire highly qualified workers specialized in the development
of innovations, have greater financial capacity to support R&D activities, and easily take
advantage of economies of scale for production and relations with the environment. All these
aspects result in greater innovative performance.

Except for marketing innovations in the manufacturing industry, there is a positive and signifi-
cant effect of R&D intensity on technological and non-technological innovative performance for
both sectors. A greater financial resource in R&D implies that companies have released resources
available to support the activities and the effort to carry out an innovation that could result in the
development of novelties or improvements in products, processes, marketing, and organizational
techniques to strengthen productivity and competitiveness of companies.

An interesting result is found in the economic sectors in terms of qualified personnel.
There is a positive effect on fostering organizational and marketing innovations in the
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Table 4. Zero inflated poisson models services sector.

VARIABLES

Size(logs)

R&D Intensity (logs)

Qualified Personnel

High Qualified Personnel

Demand Pull

Open Innovation
(dummy)

Confidentiality
agreements

Open Innovation X
Confidentiality
agreements

Constant

Observations

(6)]

Total

Innovation

0.396***
(0.0112)
0.175%**
(0.00859)
0.750***
(0.103)
3.053%%*
(0.108)
1.151%%*
(0.150)
0.3827%**

(0.0715)
0.828***

(0.0819)
-0.449%**

(0.0887)
-4.256***
(0.184)
868

Standard errors in parentheses.

% 520,01
** p<0.05

* p<0.1.Source: EDIT-EDITS-DANE.

(2 (3) @ (5) (6) (7) (8 (€] (10
inflate Product inflate Process inflate Marketing inflate | Organizational | inflate
Innovations innovation Innovations Innovation
0.138 0.448*** 0.162* 0.359*** 0.00411 0.275%** 0.154 0.305*** 0.154
(0.149) (0.0145) (0.0889) (0.0402) | (0.0871) (0.0482) (0.131) (0.0413) (0.151)
0.309*** 0.2017** 0.133** 0.153%** 0.0198 0.176*** 0.290** 0.118*** 0.226
(0.120) (0.0111) (0.0608) (0.0273) | (0.0605) (0.0499) (0.143) (0.0362) (0.142)
0.811 0.652%** -2.717%%%* 0.404 0.436 -0.290 -1.005 0.179 0.142
(1.044) (0.159) (0.562) (0.311) (0.636) (0.459) (1.379) (0.332) (1.230)
-0.767 3.641%** -7.759%** -0.168 1.419 -0.267 1.658 -0.109 -0.898
(1.599) (0.155) (1.305) (0.439) (0.876) (0.780) (1.639) (0.391) (1.450)
-3.097*** 0.833%** -3.647%** 2.710%** 14.01 0.516 -1.359 1.127%** 0.0951
(0.452) (0.289) (0.504) (0.313) (709.1) (0.475) (0.833) (0.384) (1.241)
0.102 0.185 -0.910%** 0.0774 -0.379 0.469 0.421 0.0109 -1.210*
(0.610) (0.123) (0.341) (0.190) (0.333) (0.298) (0.952) (0.229) (0.629)
0.361 0.966™** -0.542 -0.106 -0.492 1.124%** 1.237 0.211 -0.665
(0.707) (0.132) (0.384) (0.266) (0.486) (0.312) (0.912) (0.270) (0.670)
-0.868 -0.473%%* 0.254 0.0935 0.170 -1.057*** -1.322 0.0777 0.574
(0.834) (0.139) (0.475) (0.288) (0.541) (0.357) (1.019) (0.289) (0.791)
-3.423** -4.762%** 3.387** -5.722%** -14.04 -3.945%** -2.258 -3.8127** -2.536*
(1.562) (0.345) (0.901) (0.434) (709.1) (0.623) (1.526) (0.455) (1.464)
868 868 868 868 868 868 868 868 868

https://doi.org/10.1371/journal.pone.0303802.t004

manufacturing industry and a positive effect on product and process innovations in the service
sector. Likewise, a positive effect of highly qualified personnel is generated on the total innova-
tive performance of both sectors. The positive result on innovative performance implies the
use of better information, greater knowledge, and problem-solving skills regarding the devel-
opment of innovations, better experience, and opportunities for training and development of
products, processes, and techniques. Qualified personnel also absorb knowledge much faster,
which they translate into technological and non-technological innovations.

The importance that the company and consumers give to the improvement in the quality of
the goods or services and the expansion in the range of goods or services offered [26] (Griffith
et al., 2006), is reflected in better innovative performance for both sectors. Behind this impor-
tance are factors associated with the improvement of goods and services as this importance is
supported by a greater reflection of productivity due to idiosyncratic demand shocks and
greater collaboration for the efficient development of innovations within companies.

There is evidence of positive effects of confidentiality agreements on types of innovations
(products, processes, and marketing) in the service sector and negative effects on some types of
the manufacturing industry (marketing and organization) and there is evidence of a positive effect
of open innovation on total innovative performance. Likewise, the results show that the
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interaction of open innovation and confidentiality agreements generates positive effects on the
innovative performance of the manufacturing industry and negative ones in the services sector.

Open innovation practices allow companies to access a broader range of knowledge and
experience, leading to more innovative ideas and technologies [27,28]. Meanwhile, nondisclo-
sure agreements allow companies to protect their intellectual property and sensitive informa-
tion, reducing the risk of competitors stealing their ideas and making it easy to innovate.
However, non-compete clauses or other restrictive agreements may be generated in confi-
dentiality agreements, which prevent the flow of talent and ideas between companies and limit
innovation.

The positive results in the interaction support the concept of legitimate trust and collabora-
tion of the manufacturing companies. Well, once confidentiality agreements are generated,
open innovation relationships encourage technological and non-technological innovations.
While the negative effect on the services sector supports caution in information and knowl-
edge. This is because service companies tend to be more cautious when it comes to sharing
information and knowledge with other market players. In addition, innovation in the service
sector usually involves customization and adaptation to the specific needs of each client, which
makes collaboration with other companies difficult.

Discussion

The results of this study suggest that open innovation and confidentiality agreements are key
factors in driving innovative performance in the manufacturing and service industries. How-
ever, the collaborative nature of open innovation can create challenges around confidentiality
and intellectual property. The results suggest that the use of confidentiality agreements is a
critical factor in maximizing the benefits of open innovation. Companies must find a balance
between collaborating with external partners and protecting their confidential information
and trade secrets to fully realize the benefits of open innovation.

In short, while non-disclosure agreements can provide benefits to companies in terms of
protecting their industrial and intellectual property, they can also have negative effects on
innovation by limiting collaboration, information sharing, and the flow of talent and ideas.
Companies must balance the potential benefits and risks associated with confidentiality agree-
ments and consider alternative approaches to protect their intellectual property, such as patent
protection or open innovation models.

The paper discusses the implications of the findings for companies in the manufacturing
and service industries. The results suggest that the interaction of open innovation and confi-
dentiality agreements generates positive effects on the innovative performance of the
manufacturing industry and negative effects on the service sector. This suggests that the posi-
tive effect of open innovation and confidentiality agreements in the manufacturing industry is
due to its greater tradition of collaborative innovation, while in the service sector, companies
tend to be more cautious when it comes to sharing information and acquaintance with other
market players. Therefore, companies should adopt open innovation practices to improve
their innovative performance, while using confidentiality agreements to protect their indus-
trial and intellectual property and confidential business information. However, the paper
notes that there are potential drawbacks to using confidentiality agreements, such as the risk of
limiting collaboration with external partners.

Conclusions

The interaction of open innovation and confidentiality agreements generates positive effects
on the innovative performance of the manufacturing industry and negative effects on the
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services sector. This suggests that the positive effect of open innovation and confidentiality
agreements in the manufacturing industry is due to its greater tradition of collaborative inno-
vation, while in the service sector, companies tend to be more cautious when it comes to shar-
ing information and knowledge of other market players.

The positive effect of open innovation and confidentiality agreements in the manufacturing
industry stems from its long tradition of collaborative innovation. In manufacturing, nondis-
closure agreements are used to protect ideas and products in development, while enabling col-
laboration and knowledge sharing with other companies. In the services sector, confidentiality
agreements can harm open innovation because service companies are often more cautious
when sharing information and knowledge with other market players. In addition, innovation
in the service sector is often based on customization and adaptation to the specific needs of
each client, which makes collaboration with other companies difficult.

In summary, the effect of open innovation and confidentiality agreements depends on the
industry context in which they are used. In the manufacturing industry, these mechanisms can
have a positive effect on innovation, while in the service sector, they can harm open
innovation.
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