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Abstract
Entrepreneurs’ decision-making in sustainable open innovation practices holds significant relevance in fostering environ-

mentally conscious and socially responsible business strategies. Sustainable decision-making not only aligns with ethical

principles but also addresses pressing global challenges such as climate change and resource depletion. This study aims

to characterize the decision-making role played by entrepreneurs in the context of the open innovation paradigm and

to understand the factors that influence entrepreneurial performance. A quantitative methodology supported by

Partial Least Squares Structural Equation Modeling was adopted, considering a sample of 407 startups incubated in science

and technology parks. After that, a mixed-methods approach was employed to explore the differences between sectors of

activity, in which 4 ventures were involved. The results confirm that of the 9 hypotheses formulated in the relationship

between the constructs, only innovation novelty is not significant for sustainable open innovation management processes,

unlike innovation openness. This study offers theoretical and practical implications for startups that intend to use open

innovation networks to integrate environmental and social considerations into the core of business strategies.
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Introduction
Entrepreneurship means to undertake, to solve a problem or
complicated situation. Entrepreneurship involves making deci-
sions in times of great uncertainty, which makes risk-taking an
integral part of entrepreneurial activity (Shepherd et al., 2015).
Entrepreneurs’ decision-making occurs in multiple domains of
entrepreneurial activity such as exploring opportunities, stra-
tegic positioning, or planning the organizational and financial
structure of the firm. There is a high risk of making a
less-than-optimal decision throughout all of these activities.
However, the knowledge and experience of the entrepreneur
allow minimizing these risks and improving the decision-
making process. It is assumed that the entrepreneur must be
able to analyze all the potential consequences of the available
options and seek additional information that allows them to
increase the degree of confidence in the decision made.
Consequently, taking risky decisions is not always justified
and does not always lead to the best possible outcome.
Instead, entrepreneurs should opt for rational decision-making
and, according toMelovic et al. (2022), this approach will lead
to successful management of entrepreneurial firms.

The scientific community has sought to conceptualize
decision-making by trying to frame it within the different

styles of cognitive processes arising from entrepreneurs’
tendencies towards certain ways of gathering, processing,
and responding to information when making business deci-
sions. As Spicer and Sadler-Smith (2005) acknowledge,
entrepreneurs’ decision-making is affected by an indivi-
dual’s cognitive style, personal characteristics, perception
patterns, and the characteristics of their decision-making
processes. It is in this line of research that studies have
emerged that seeks to explore the cognitive patterns of
this phenomenon to characterize the mindset of perceptual
mechanisms that underpin entrepreneurial behavior (Byus,
2018; Nicolás et al., 2018; Sassetti et al., 2022).

Decision-making is critically important for entrepre-
neurs, and understanding how entrepreneurs make deci-
sions, as well as why some decisions fail, is crucial to the
success of entrepreneurial businesses. However, decision-
makers are not fully rational individuals, and the character-
ization of entrepreneurial behavior is not deterministic.
Therefore, entrepreneurial behavior has to be explored
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from a bounded rationality perspective. Furthermore, knowl-
edge is not entirely an internal process and can be altered by
one’s social environment. Although these two principles are
widely accepted in the literature on entrepreneurship and
decision-making, the research that seeks to link both phenom-
ena is limited as argued in DeWinnaar and Scholtz (2020) and
Zayadin et al. (2022), especially in settings where the entrepre-
neur is involved in large communities and the knowledge
needed for decision-making is highly dispersed.

Effectively the current context of high competitiveness
and demand for knowledge on a global scale means that
entrepreneurship is not an isolated activity restricted to a
specific field of knowledge. Entrepreneurship can benefit
from open collaboration networks according to the model
proposed by Chesbrough (2003) in various ways, such as
access to external knowledge, risk mitigation, accelerated
innovation, market validation, and resource leveraging
(Audretsch et al., 2023). Furthermore, there has been
strong social and political pressure in recent years to incorp-
orate social and environmental issues into the innovation
process. Increasingly, the stakeholders of organizations
have been forcing companies to reduce their environmental
impact and find innovative solutions to the challenges they
face. Rather than simply being a compliance factor, sustain-
ability has become an important source of competitive
advantage (Bhandari and Salo, 2022). However, developing
products that reconcile economic, social, and environmen-
tal expectations is a complex task that entrepreneurs are cur-
rently struggling to solve.

Innovations aimed at sustainable development are
crucial for enhancing sustainability in business. How tech-
nologies and social practices enable sustainability can be
understood through the concept of sustainable innovation
(Nasiri et al., 2022). Accordingly, Cillo et al. (2019)
present the concept of sustainable innovation as the devel-
opment of products, processes, services, and technologies
that contribute to the development and well-being of
human needs and institutions while respecting nature’s
resources and regenerative capacities. This comprehensive
view of sustainable innovation implies that its realization
can only be achieved through responsible innovation prac-
tices and collaborative networking between industry and
academia (Almeida, 2022; Guimarães et al., 2023).

Studies investigating the benefits of open innovation are
currently focused on analyzing the business benefits that
this approach can offer (Capurro et al., 2021; Chesbrough
et al., 2018; Han et al., 2012). Empirical studies exploring
the potential of using open innovation to promote sustain-
ability in the entrepreneurial process are scarce. Despite
this, studies have recently emerged that conceptually explore
the role of the relationship between these two constructs
(Kimpimäki et al., 2022) and the positive effect that open
innovation based on intellectual property and licensing can
bring to the sustainability of organizations (Milana and
Ulrich, 2022). However, none of these studies look at the

decision-making challenges of entrepreneurs in sustainable
open innovation practices. Despite it, entrepreneurs play a sig-
nificant role in driving innovation, and their decisions can
have substantial impacts on sustainability. Studying decision-
making in sustainable open innovation practices sheds light on
the interplay between economic, environmental, and social
dimensions of sustainability. As exposed by Liedong et al.
(2023) and Ünal and Sinha (2023), entrepreneurs often face
trade-offs between short-term profitability and long-term sus-
tainability goals. Analyzing their decision-making processes
provides valuable lessons on how to reconcile these conflicting
priorities and foster sustainable approaches. In this sense, this
line of research seeks to respond to this challenge and charac-
terize the decision-making process of entrepreneurs in the
adoption of sustainable open innovation practices. It aims to
characterize the decision structure that entrepreneurs follow
and how they are affected by the experience and context of
each entrepreneur, in addition to the effects that collaborative
networks in open innovation can play in making strategic deci-
sions that allow startups to grow sustainably in the market.

Literature review
Entrepreneurship has been seen as an agent of social trans-
formation. Schumpeter’s (1934) view associates entrepre-
neurship with economic growth has been expanded by
exploring its role in sustainable development (Hall et al.,
2010; Johnson and Schaltegger, 2020). Sustainable entre-
preneurship aims to work with sustainable products and
businesses, which combine profit generation with attention
to the social and environmental impact of the tasks carried
out by the company. At the same time, its main characteris-
tic is humanized management, which considers the conse-
quences of its services and products for the world and the
environment as a fundamental pillar (Sarma et al., 2024;
Stawicka, 2021).

A fundamental objective of sustainable entrepreneurship
is to promote the conservation of natural resources (Canh
et al., 2021). To this end, sustainable entrepreneurs should
seek to develop products and services that minimize the con-
sumption of finite resources such as water, energy, and raw
materials, thus reducing the environmental impact of their
operations. Another characteristic is pointed out by Esteves
et al. (2021), which highlight this type of entrepreneurship
addresses social issues such as social justice and equity. As
a result, entrepreneurs in this field often get involved in initia-
tives that promote local employment, the inclusion of margin-
alized groups, and respect for human rights.

Innovation is part of the work of sustainable entrepre-
neurship. Leick and Duc (2023) and Xiao and Su (2022)
point out that sustainable entrepreneurs often pioneer new
technologies and business models that aim to solve environ-
mental and social problems. They can develop clean energy
technologies, advanced recycling solutions, and products
that promote the well-being of communities. Finally,
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Zahrani (2022) points out that sustainable entrepreneurship
also plays a key role in environmental awareness and edu-
cation. Entrepreneurs in this field often act as advocates for
sustainability, educating the public about environmental
challenges and encouraging the adoption of more respon-
sible practices.

Open innovation emerges as a fundamental shift in the
context of innovation theory, challenging traditional closed
models of innovation. Innovation theory, which traditionally
focused on linear models of innovation, has evolved to recog-
nize the complexity and interconnectedness of today’s globa-
lized economy. Open innovation aligns with this evolution by
embracing the concept of innovation ecosystems, where mul-
tiple stakeholders contribute to and benefit from the innovation
process. It fosters a culture of openness, flexibility, and adapt-
ability, enabling organizations to leverage a diverse range of
perspectives and capabilities to drive innovation forward
(David et al., 2022; Kratzer et al., 2017). Collaboration and
co-creation with external partners enable faster iteration and
validation of ideas, reducing the likelihood of costly failures
(Brown et al., 2022; Cavallo et al., 2022). Furthermore,
Srisathan et al. (2023) point out that open innovation facilitates
the sharing of resources and infrastructure, further optimizing
costs and improving efficiency in the innovation process.
Open innovation is also a strategic tool that can strengthen sus-
tainable entrepreneurship, allowing entrepreneurs to access
crucial resources, knowledge, and partnerships to create suc-
cessful businesses that have a positive impact on the planet
and society. Several authors have explored this synergistic
relationship, which is key to tackling global sustainability
challenges and driving the creation of a more sustainable
future. Allal-Chérif et al. (2023) point out that sustainable
entrepreneurs can benefit from open innovation by accessing
resources such as funding, research infrastructure, and specia-
lized knowledge that may not be available internally.
Throughout this process, there are feedback interactions and
validations. Thus, entrepreneurs can use open innovation to
gain valuable feedback from a wide variety of stakeholders,
which helps refine their sustainable ideas and products
(Kurniawati et al., 2022). Another consequence of this collab-
orative process is the establishment of partnerships between
companies and organizations with experience in sustainability,
which can accelerate the development of green solutions
(Bigliardi and Filippelli, 2022).

Decision-making in entrepreneurship is vital for
resource allocation, risk management, innovation, competi-
tive advantage, goal achievement, customer satisfaction,
financial management, opportunity recognition, team lead-
ership, long-term sustainability, among others. It is a skill
that can significantly impact the success and longevity of
an entrepreneurial venture. Decision-making becomes
even more challenging in the context of collaborative net-
works. Elbanna et al. (2020) characterize it as a multifa-
ceted process that involves a group of interconnected
stakeholders working together to achieve shared objectives.

At the core of collaborative decision-making is the estab-
lishment of clear shared goals and objectives. These goals
serve as a common purpose that unites the network’s parti-
cipants and provides a framework for all subsequent deci-
sions. Stakeholders must align their interests and priorities
with these overarching objectives, which often require com-
promise and negotiation to accommodate diverse perspectives
and needs (Eden and Ackermann, 2021). Throughout the
process, other key characteristics are identified, such as effect-
ive communication, inclusivity, consensus-building, leader-
ship, and conflict management. Collaborative networks also
emphasize adaptability and iteration in their decision-making
processes. These networks often operate in dynamic environ-
ments, requiring the ability to adjust strategies as circum-
stances change or new information emerges.

Hypotheses development
Strategic decision-making ability is vital in both the corpor-
ate and personal spheres of life. It’s the capability to assess
situations, identify objectives, and choose the best course of
action to achieve those objectives. First and foremost, stra-
tegic decision-making is crucial for goal attainment.
Whether in a business setting or individual life, having a
clear vision and making decisions aligned with that vision is
essential for success. Feng et al. (2022) identify three compo-
nents of strategic decision-making: scanning ability, interpret-
ation ability, and action ability. The term “scanning ability” in
decision-making refers to a person’s or an organization’s cap-
acity to gather, process, and analyze information or data rele-
vant to a decision (Kim et al., 2006). It involves the systematic
and thorough examination of available information before
making a choice. Barthélemy et al. (2006) add that scanning
ability is not static, and it benefits from continuous learning
and adaptation. Interpretation ability in decision-making
refers to a person’s or an organization’s capacity to effectively
understand and make sense of information, data, or situations
relevant to a particular decision (Clark et al., 2000). It
involves the skill of analyzing and processing information
in a way that allows for informed and rational decision-
making. Furthermore, interpretation ability also involves
adaptability and the willingness to revise interpretations
and decisions considering new information or changing
circumstances (Hey and Lotito, 2009). Therefore, it’s
important to be open to feedback and adjust decisions as
needed. Finally, “actionability” in decision-making refers to
the quality of a decision or the information used in the
decision-making process that makes it practical or feasible
to act based on that decision (Lepora and Pezzulo, 2015). In
this sense, it assesses whether a decision can be effectively
implemented and whether the necessary resources, informa-
tion, and conditions are available to carry out the chosen
course of action.

Innovation is driven by strategic decisions on research
and development, investments in new technologies, and
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strategic partnerships. The ability to innovate is seen as a
critical success factor in a new business. The innovation
novelty theory, also known as the novelty hypothesis or
the Kuhnian paradigm shift, is a concept that posits that
innovation occurs not as a continuous, gradual process,
but rather through sudden, discontinuous leaps in knowl-
edge or technology (Layman and Rypel, 2023).
According to the innovation novelty theory, these revolu-
tionary changes, or paradigm shifts, occur when existing
theories or models can no longer adequately explain
observed phenomena or solve practical problems. Lei
et al. (2020) show that innovation novelty positively
affects the creative cumulative and disruptive technological
trajectory and, consequently, the innovative performance of
companies. Authors such as Lewis (2023) and Nakano and
Wechsler (2018) suggest that developing innovation
novelty involves a combination of skills such as creativity,
strategic thinking, and problem-solving. In this sense, it
becomes relevant to explore how an entrepreneur’s entre-
preneurial skills become relevant to understanding their
role in innovation novelty. To this end, three hypotheses
were established:

H1: Scanning ability is a factor with a positive impact on
innovation novelty

H2: Interpretation ability is a factor with a positive impact
on innovation novelty

H3: Action ability is a factor with a positive impact on
innovation novelty

The Innovation Openness Theory as proposed by
Chesbrough (2003) posits that innovation thrives in envir-
onments where knowledge flows freely among individuals
and organizations. Collaborating with other people and
organizations allows participants to learn from each other
more effectively. This speeds up the innovation process
as it avoids duplication of effort and allows lessons
learned to be absorbed by others (Mascarenhas et al.,
2020; Öberg and Alexander, 2019). It is also from this
approach that collaborative networks practice the concept
of “open innovation”, in which organizations actively
seek external ideas and contributions to promote innov-
ation. Furthermore, collaborative networks can help create
robust innovation ecosystems, in which various stake-
holders (e.g. companies, R&D centers, governments, and
non-profit organizations) work together to drive innovation
in a particular region or sector. Therefore, in addition to
innovation novelty, the proposed conceptual model also
includes innovation openness through the inclusion of
three hypotheses:

H4: Scanning ability is a factor with a positive impact on
innovation openness

H5: Interpretation ability is a factor with a positive impact
on innovation openness

H6: Action ability is a factor with a positive impact on
innovation openness

Sustainable open innovation management (SOIM) is
characterized by Kimpimäki et al. (2022) as a business
approach that combines principles of sustainability and
open innovation to drive long-term value creation while
addressing environmental, social, and economic challenges.
SOIM follows a triple bottom-line approach by considering
not only the financial performance of an organization. The
triple bottom line framework evaluates organizational per-
formance based on three interconnected dimensions: envir-
onmental, social, and economic (Longoni and Cagliano,
2018; Mendes et al., 2023). The three bottom lines are: (i)
Environmental: Assessing the environmental impact of
operations, including resource consumption, waste gener-
ation, and carbon emissions; (ii) Social: Evaluating the
social consequences of business activities, such as
employee welfare, community engagement, human rights,
and diversity; and (iii) Economic: Measuring financial per-
formance in terms of profitability, revenue growth, and cost
efficiency. According to Viale et al. (2022), this vision
helps ensure that innovations are sustainable from various
perspectives. This vision is also supported in the principles
of ecosystem collaboration. Companies engage with a wide
range of stakeholders to co-create solutions that address
sustainability challenges. Responsible innovation is also
another paradigm supported by SOIM. Guimarães et al.
(2023) advocate that organizations should consider ethical
considerations and societal implications when developing
and implementing innovations. They should aim to create
products and services that benefit society as a whole and
do not harm people or the environment. The conceptual
framework also explores the positive impact that innovation
novelty and innovation openness constructs may have on
SOIM. For that, two hypotheses have been formulated:

H7: Innovation novelty has a positive impact on sustain-
able open innovation management

H8: Innovation openness has a positive impact on sustain-
able open innovation management

Entrepreneurial ventures thrive on their ability to intro-
duce novel ideas, products, or services into the market. It
is recognized by Camilleri et al. (2023) that effective sus-
tainable open innovation management processes can sig-
nificantly impact their success by facilitating the
identification, development, and implementation of sustain-
able innovative solutions. Furthermore, innovation inher-
ently carries risks, and entrepreneurs often operate in
uncertain environments. Innovation management processes
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help identify, assess, and mitigate risks associated with new
ventures and projects (Miller et al., 2020). Moreover, suc-
cessful innovation often requires collaboration across dif-
ferent functional areas within and outside the organization.
The ability to see and understand how the different parts of
a system are interconnected is crucial for sustainable innov-
ation. This involves considering the long-term consequences
of actions and decisions. Sustainable innovation also requires
creativity and the ability to think outside the box (Saleh and
Brem, 2023). This includes exploring new technologies, busi-
ness models, and approaches to solve problems in a more sus-
tainable way. Sossa et al. (2022) add that understanding the
needs and concerns of local communities, stakeholders and
groups affected by innovations is important to ensure that sus-
tainability is incorporated into all aspects of the innovation
process. All these factors associated with the management
process of sustainable open innovation may prove decisive
in understanding entrepreneurial performance. Accordingly,
the following hypothesis was defined:

H9: SOIM has a positive impact on entrepreneurial
performance

Figure 1 schematically presents the research model and
the relationships between the constructs. A total of 9
hypotheses are explored in the relationship between the
constructs.

Methodology
Sample and data gathering
Data was collected using a digital questionnaire created in
Google Forms that addressed the target audience of entre-
preneurs. Due to the difficulty of contacting each entrepre-
neur individually, the International Association of Science
Parks (IASP) was contacted. And the sampling process
based on multistage sampling was applied. The IASP is a
global network of science and technology parks that aims
to promote innovation, technology transfer, and economic
development. It has more than 350 members worldwide.
IASP members work to create environments that stimulate
innovation and entrepreneurship. Multi-stage sampling is a
technique used in survey research and statistics to collect
data from a large and diverse population when it is imprac-
tical or too expensive to survey every individual in that
population (Hankin et al., 2019). This method consists of
dividing the sampling process into several stages or
levels, in which samples are selected sequentially from
smaller subgroups of the population. This method is more
cost-effective than simple random sampling when survey-
ing a large and diverse population, and allows for stratifica-
tion by geographical regions, ensuring that different areas
within the population are represented (Wu et al., 2023).
The operationalization of this technique in this study

involved two levels of contact. Firstly, the questionnaire
was shared by the IASP with its members and, subse-
quently, the survey was disseminated by the technology
parks to their incubator startups.

The questionnaire was only answered by entrepreneurs
participating in open innovation networks, as requested
on the first page of the questionnaire, which also explains
the scope, objectives, and statistical process of the study.
A total of 431 responses were obtained. After removing
incomplete responses, the total number of valid responses
was 407. Table 1 provides a descriptive analysis of the par-
ticipants in this study considering their age, gender, aca-
demic degree, and years of experience in open innovation
networks. The nationality of the entrepreneurs was not con-
sidered for two reasons: (i) the high dispersion of responses
by geographical area, which would not allow this variable
to be sufficiently discriminating; and (ii) the fact that
these entrepreneurs operate on a global scale, with many
of them assuming the status of digital nomads. The
profile of respondents indicates that most of the entrepre-
neurs in the sample are male and between 38 and 47
years old. This profile is in line with the data reported by
Azoulay et al. (2018) who indicate that most entrepreneurs
are aged between 40 and 49 and concluded that the average
age of a successful startup founder is 45. In terms of aca-
demic degrees, the profile of respondents is mainly made
up of bachelor’s and master’s/MBAs. More than 68% of
the sample falls into these two groups. The composition
of this sample is also in line with the statistics obtained
by the Kauffman Foundation that the majority of entrepre-
neurs held at least a bachelor’s degree (Kauffman
Foundation, 2020). Although collaborative open innovation
networks emerged in the 2000s, their use by entrepreneurs
on a large scale has not been fully realized. The sample data
indicates that entrepreneurs’ adherence to open innovation
networks varies significantly, with most of them having
experience of between 1 and 3 years. Despite this, there is
a strong variability in the profile of respondents in this vari-
able, which is in line with the study conducted by Schepis
et al. (2021) and which concludes that adherence to open
innovation networks depends on various sectors such as
the industry sector, the company culture, the company’s
level of maturity and the availability of resources.

Measures
Constructs and scales previously validated in the literature
were employed. Feng et al. (2022) present the strategic
decision-making capability dimension using three con-
structs (analysis capability, interpretation capability, and
action capability). A five-value Likert scale is used to
measure these constructs. The constructs related with
novelty of innovation and openness to innovation are sup-
ported by Sun et al. (2021) also using a 5-value Likert
scale. Innovation novelty refers to the degree of originality,
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uniqueness or newness associated with a particular innov-
ation or idea; while innovation openness is a business or
organizational strategy that encourages the exchange of

ideas, technologies, and knowledge with external stake-
holders to accelerate and improve the innovation process
(Sun et al., 2021). The construct of sustainable open innov-
ation management is explored in the study by Kurniawati
et al. (2022) considering production materials, sustainable
water and energy consumption, the level of employee satis-
faction, and the organization’s contributions to the local
community. These factors are addressed using a Likert
scale of seven values. Finally, the entrepreneurial perform-
ance construct was constructed based on the Organisation
for Economic Co-operation and Development (OECD) pro-
posal, which measures entrepreneurial performance consid-
ering the tripartite view of firm, employment, and wealth.
The two key measures of each of these dimensions were
considered, as proposed by Ahmad and Hoffman (2007).
To standardize the scales, a 7-level Likert scale was
adopted, ranging from strongly disagree (1) to strongly
agree (7). This scale was adopted to avoid bias and distor-
tion in the analysis and interpretation of the data. This
approach is in line with the recommendation of Sullivan
and Artino (2013) who consider that standardizing scales
is an important practice to ensure consistency, comparabil-
ity, and interpretability of data.

Statistical procedures
Partial Least Squares Structural Equation Modeling
(PLS-SEM) was adopted in this study to explore the rela-
tionship between the variables under analysis. SEM is a
statistical method used to test and estimate causal relation-
ships among variables. It helps researchers understand
complex relationships between latent (unobservable) variables
and observed (measurable) variables. SEM can be divided into
two main types: covariance-based SEM (CB-SEM) and

Figure 1. Representation of hypotheses in the structural model.

Table 1. Profile of respondents.

Variable

Absolute

Frequency

Relative

Frequency

Age

[18,27] 72 0.1769

[28,37] 129 0.3170

[38,47] 148 0.3636

Equal or more than 48 58 0.1425

Gender

Masculine 213 0.5233

Feminine 188 0.4619

Not intended to answer 6 0.0147

Academic degree

High school 42 0.1032

Bachelor’s 159 0.3907

Master’s or MBA 118 0.2899

PhD 88 0.2162

Sector

Technology 81 0.1990

Health Care 49 0.1204

Travel and Leisure 73 0.1794

Industrial Goods and Services 65 0.1597

Energy 33 0.0811

Food, Beverage, and Tobacco 49 0.1204

Other 57 0.1400

Years of experience in open

innovation networks

Less than 1 year 55 0.1351

Between 1 and 3 years 133 0.3268

Between 3 and 5 years 121 0.2973

More than 5 years 98 0.2408
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PLS-SEM. PLS is the core technique used in PLS-SEM. It’s a
multivariate statistical method used for modeling relationships
between variables. PLS is particularly useful when you have a
small sample size, non-normal data, or complex models. It
works by creating a set of latent variables (constructs) that
best explain the variance in the observed data. As noted by
Sarstedt et al. (2022), PLS-SEM works with both latent vari-
ables and observed variables. Latent variables are constructs
that are not directly measured but inferred from multiple
observed variables, while observed variables are the variables
that are directly measured. PLS-SEM consists of two main
components: the measurement model and the structural
model. The measurement model deals with the relationships
between latent variables and their corresponding observed
variables (indicators). The structural model explores the rela-
tionships between latent variables, representing hypothesized
causal links. In summary, Hair et al. (2019) consider
PLS-SEM to be a versatile technique that is particularly valu-
able when working with complex models or data that do not
meet the assumptions of traditional statistical methods, and
can be used for hypothesis testing, theory development, and
predictive modeling. Stata v. 17 software was used in the
process of principal component analysis (PCA), model estima-
tion, and robustness analysis.

Construct validity is a crucial concept in the context of
PLS-SEM. It refers to the extent to which the measurement
of a particular construct (or variable) accurately represents
the underlying theoretical concept it is intended to
measure. Three important reliability and validity measures
(i.e. Alpha, AVE, and CR) were used to assess the quality
of the measurement model. Alpha, also known as
Cronbach’s alpha, is a measure of internal consistency reli-
ability. It quantifies the extent to which a set of indicators
(or items) measuring the same latent construct are corre-
lated with each other. AVE is a measure of the amount of
variance captured by a latent construct relative to the
amount of variance due to measurement error. It assesses
convergent validity by examining the extent to which a con-
struct’s indicators correlate more strongly with the construct

itself than with measurement error. CR is another measure
of internal consistency reliability. It evaluates the reliability
of a latent construct by assessing the consistency of the indi-
cators in measuring the same construct. All the constructs
represented in the model (see Table 2) comply with the
minimal acceptance values recommended by Hair et al.
(2016), which suggest an Alpha above 0.7, AVE above
0.5, and CR above 0.7. Furthermore, we have measured
the goodness of fit considering several measures (i.e. chi-
square, GFI, AGFI, CFI, and RMSEA) as proposed by
Kline (2015). Chi-square is 63.196, chi-square/df is
2.257, GFI is 0.909, AGFI is 0.918, CFI is 0.972, and
RMSEA is 0.068. All these measures comply with the cri-
teria established by Marsh et al. (2005). Moreover, discrim-
inant validity was employed to assess whether the
constructs or latent variables in a model are distinct and
not highly correlated with each other. In PLS-SEM, dis-
criminant validity is assessed through the examination of
the correlations or cross-loadings between the indicators
(observed variables) and the latent variables (constructs)
in the model (Cheung et al., 2023). Looking at Table 3,
all the factors are more strongly associated with their
respective own constructs and show weaker associations
with other constructs, which suggests good discriminant
validity.

Mixed-methods approach
To complement the quantitative analysis, a mixed-methods
approach was used by carrying out four case studies of
Portuguese startups in sectors of activity that differ signifi-
cantly (i.e. TL - Travel and Leisure, and FBT- Food,
Beverage, and Tobacco). Interviews were performed
between April and June, 2024. Table 4 presents the main
characteristics of each company. The companies essentially
aim to offer innovative, technologically advanced solutions
by targeting niche markets. All the companies, apart from
C2, have an international reach. In the case of C2, it only
operates in mainland Portugal in specific regions with
high tourism potential.

Results
The significance of the structural model relationship in
structural equation modeling lies in its ability to represent
and test the hypotheses about the relationships between
latent variables. This information is provided in Table 5.
Notation (*) indicates the p-value is below 0.10; (**) indi-
cates the p-value is below 0.05; and (***) indicates the
p-value is below 0.01. It is observed that all hypotheses
are supported, except H7 which has a p-value above 0.10.
This implies that the novelty of the innovation has no
impact on the sustainable management processes of open
innovation. Despite this, innovation openness has a positive
impact on sustainable open innovation management

Table 2. Constructs validity and number of items.

Construct

Number of

variables Alpha AVE CR

Scanning ability (SC) 3 0.783 0.569 0.808

Interpretation ability (IN) 4 0.911 0.650 0.873

Action ability (AC) 3 0.819 0.642 0.896

Innovation novelty (INN) 4 0.805 0.638 0.871

Innovation openness (IO) 4 0.897 0.684 0.910

Sustainable open

innovation

management (SOIM)

5 0.799 0.594 0.852

Entrepreneurial

performance (EP)

6 0.902 0.677 0.936
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(p-value < 0.05). Overall, sustainable innovation manage-
ment practices have a positive impact on entrepreneurial
performance (p-value < 0.01). Therefore, H7 must be
rejected, but H8 and H9 can be accepted. Furthermore,
the lowest path coefficient is also observed for H7.
Figure 2 complements this vision by showing the path coef-
ficient in the structural model relationship.

Table 6 shows the results of the analysis of variance
applying the company’s sector of activity and a significance
level of 0.05. The findings indicate significant differences
for TL and FBT. It should be noted that in the TL sector
there is a higher turnover of people through hiring and
layoff of employees and a lower export performance,
while in the FBT sector there is a higher hiring of people
and a higher export performance.

Table 7 shows some quotes that support the differences
identified in some industries such as TL and FBT. It should
be noted that several of the companies’ observations relate
various variables relating to the dynamics of including new
employees and the international performance of ventures.
They also note the role that relations with universities can
play both in hiring new employees and in establishing

partnerships that can result in the context of funded inter-
national projects.

Discussion
This study reveals that in the context of decision-making
processes, scanning, interpretation, and action abilities are
integral components that collectively contribute to the cog-
nitive process of evaluating situations, processing informa-
tion, and executing informed responses. Bruine de Bruin et al.
(2020) add that these elements are interconnected and sequen-
tial, reflecting a dynamic and iterative approach to decision-
making. Furthermore, decision-making is a dynamic and
evolving process, and effective entrepreneurs continuously
refine their scanning, interpretation, and action abilities to
navigate the complexities of their roles. It is also clear
that the multifaceted nature of entrepreneurship demands
a diverse skill set that extends beyond traditional business
acumen. The ability to foster and contribute to innovation
novelty requires a combination of scanning, interpretation,
and action abilities. The convergence of these competencies
not only drives the entrepreneurial journey but also shapes

Table 3. Discriminant validity.

Measured variables

Correlation with respect to the latent variables

SC IN AC INN IO SOIM EP

SC1 0.745 0.235 0.178 0.256 0.178 0.101 0.157

SC2 0.721 0.210 0.166 0.288 0.190 0.098 0.179

SC3 0.690 0.269 0.207 0.216 0.172 0.178 0.163

IN1 0.278 0.798 0.303 0.107 0.278 0.248 0.145

IN2 0.344 0.805 0.246 0.165 0.241 0.222 0.067

IN3 0.212 0.712 0.276 0.204 0.200 0.180 0.157

IN4 0.255 0.703 0.191 0.189 0.187 0.206 0.108

AC1 0.099 0.278 0.865 0.102 0.165 0.113 0.341

AC2 0.147 0.210 0.823 −0.088 0.122 −0.046 0.289

AC3 0.165 0.192 0.840 −0019 0.180 0.009 0.257

INN1 0.246 0.178 0.076 0.712 0.051 0.088 0.220

INN2 0.162 0.188 −0.105 0.653 −0.178 0.032 0.186

INN3 0.123 0.134 −0.062 0.622 −0.148 −0081 0.293

INN4 0.208 0.120 0.108 0.677 −0.103 −0.105 0.305

IO1 0.231 0.187 0.090 0.056 0.912 0.147 0.127

IO2 0.105 0.089 −0.057 −0.178 0.890 0.120 0.205

IO3 0.067 0.041 0.082 −0.151 0.908 0.067 0.188

IO4 0.128 0.110 −0.071 −0.078 0.833 −0.022 0.163

SOIM1 0.148 0.188 0.090 0.104 0.189 0.788 0.256

SOIM2 0.189 0.130 −0.056 −0.082 0.155 0.805 0.290

SOIM3 0.207 0.177 0.146 0.177 0.101 0.781 0.357

SOIM4 0.247 0.206 −0.028 0.058 0.042 0.756 0.233

SOIM5 0.220 0.181 0.107 0.046 0.174 0.727 0.197

EP1 0.167 0.133 0.272 0.145 0.278 0.247 0.880

EP2 0.202 0.045 0.378 0.188 0.311 0.283 0.832

EP3 0.234 0.108 0.356 0.206 0.280 0.304 0.846

EP4 0.183 0.113 0.372 0.183 0.328 0.310 0.731

EP5 0.169 0.036 0.309 0.156 0.306 0.266 0.788

EP6 0.205 0.110 0.280 0.194 0.290 0.318 0.680
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the nature and impact of the innovations that emerge.
Moreover, these individual competencies of the entrepre-
neur play a crucial role in fostering innovation openness.
Innovation openness may be seen as the willingness and
ability of entrepreneurs to embrace new ideas, collaborate
with diverse stakeholders, and create an environment that
nurtures creativity and experimentation. Wainwright et al.
(2023) highlight that one of the primary ways entrepreneurs
contribute to innovation openness is through the creation of
open platforms and networks that facilitate the exchange of
ideas and knowledge. By establishing these collaborative
environments, entrepreneurs enable diverse stakeholders,
including other entrepreneurs, researchers, and industry
experts, to share insights, experiences, and expertise.
Additionally, Lattacher and Wdowiak (2020) suggest that
entrepreneurs also contribute to innovation openness by
embracing a mindset that values experimentation and learning
from failure. The willingness to take risks and learn from set-
backs fosters an environment where new ideas can flourish

without fear of failure, encouraging creativity and continuous
improvement.

This study reveals the concept of innovation openness is
a significant factor in the effective management of sustain-
able innovation. A primary reason for the relevance of
innovation openness lies in the dynamic and interconnected
nature of the global business environment. Organizations
are no longer self-contained entities; instead, they operate
within a complex ecosystem where information, ideas,
and expertise are widely distributed. Embracing innovation
openness allows businesses to tap into a diverse range of
perspectives, experiences, and skills that may exist outside
their traditional boundaries (Lassen and Laugen, 2017). This
inclusivity not only enhances the quality of ideas but also
ensures a broader understanding of sustainability challenges.
Moreover, sustainability itself has evolved into a multidimen-
sional concept that extends beyond environmental concerns to
encompass social and economic aspects. To address these
multifaceted challenges, Dragomir and Foris (2022) suggest
that organizations should collaborate with a variety of stake-
holders, including government bodies, non-profit organiza-
tions, academia, and even competitors. However, innovation
novelty is not significant for the management of sustainable
innovation. Firstly, sustainable innovation is inherently
rooted in addressing real-world challenges and creating solu-
tions that endure over time. Unlike purely novel ideas that
might be short-lived or fail to address practical issues,
Stocker et al. (2022) indicate that sustainable innovation
requires a strategic alignment with the needs of society and
the planet. Focusing solely on novelty may result in the cre-
ation of products or processes that lack resilience or fail to inte-
grate seamlessly into existing systems, hindering their
long-term effectiveness. Furthermore, the focus on novelty
alone may undermine the collaborative aspects required for

Table 4. Companies in the case study.

Company Sector Role Description

C1 TL CEO It offers an innovative solution that centralizes, automates, and measures all a hotel’s customer service

activities. The platform serves as a centralized hub for all customer service activities within a hotel,

including front desk inquiries, room service requests, housekeeping needs, and maintenance issues. This

consolidation of tasks simplifies communication and coordination among hotel staff, reducing the

likelihood of errors or overlooked requests.

C2 TL CEO It is a dynamic company specializing in the creation of tailor-made themed tourism products, immersive

experiences, and sporting events. It has a team of seasoned professionals from various backgrounds

including tourism, event management, and creative industries. It works closely with destinations and local

stakeholders to develop themed tourism products that highlight the unique cultural, historical, and

natural attractions of Portugal.

C3 FBT CEO It is a technology-driven company dedicated to revolutionizing agriculture through advanced monitoring

solutions. By integrating cutting-edge sensors and drone technology, it provides farmers with real-time

data and insights to optimize their crop management practices and maximize yields sustainably.

C4 FBT CIO Th startup developed genetically modified seeds to enhance crop traits such as resistance to pests, diseases,

and herbicides. It utilizes advanced genetic analysis techniques to precisely breed crops, aiming to

accelerate the traditional breeding process. This involved identifying and selecting specific genes

associated with desirable traits and incorporating them into crop varieties.

Table 5. Hypothesis test results.

Hypothesis

Variable

relation

Path

coefficient p-value Conclusion

H1 SC → INN 0.609 *** Supported

H2 IN → INN 0.581 *** Supported

H3 AC → INN 0.340 *** Supported

H4 SC → IO 0.688 *** Supported

H5 IN → IO 0.612 *** Supported

H6 AC → IO 0.477 *** Supported

H7 INN →
SOIM

0.073 0.602 Not

supported

H8 IO→ SOIM 0.196 ** Supported

H9 SOIM → EP 0.390 *** Supported
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sustainable solutions. Instead, a more inclusive approach that
considers the collective intelligence and perspectives of
various stakeholders can result in innovations that are not
only novel but also socially acceptable, economically viable,
and environmentally friendly.

This study also indicates that, in the context of entrepre-
neurship, effective management of sustainable innovation
becomes a key driver of long-term success and resilience.
Sustainable innovation management fosters a culture of cre-
ativity and forward-thinking within entrepreneurial ven-
tures. It encourages the exploration of eco-friendly
technologies, socially responsible practices, and economic-
ally viable solutions. Therefore, entrepreneurs who inte-
grate sustainability into their innovation strategies are
better positioned to meet the evolving demands of socially
conscious consumers and investors, thus enhancing their
market relevance. Furthermore, studies like Almrshed
et al. (2023) and Thi et al. (2023) suggest that sustainable

innovation management serves as a catalyst for differenti-
ation and competitive advantage. Therefore, in a globalized
marketplace, where consumers are increasingly environ-
mentally and socially aware, businesses that prioritize sus-
tainable practices stand out. These practices may be
relevant to not only attract a loyal customer base but also
to mitigate risks associated with changing regulations and
stakeholder expectations. Finally, the results allowed us to
identify asymmetries in the performance of ventures in
the TL and FBT sectors. Companies in the TL sector
have higher staff turnover and have been strongly affected
by Covid-19, which has led to the need to implement
layoff initiatives (Mueller and Sobreira, 2024). Ventures
in the FBT field need to hire highly specialized staff due
to the growth of agriculture with a strong emphasis on tech-
nology. These companies seek to operate in an international
market, while companies in the TL area are looking to
exploit the characteristics of the Portuguese territory to

Figure 2. Structural model relationship.

Table 6. Hypothesis testing for sector of activity.

Sector EP1 EP2 EP3 EP4 EP5 EP6

Technology (mean) 6.12 2.41 4.90 5.15 5.61 5.08

Technology (p-value) 0.077 0.161 0.107 0.083 0.187 0.088

Health Care (mean) 5.90 2.89 4.21 4.36 5.02 4.23

Health Care (p-value) 0.104 0.559 0.347 0.105 0.662 0.601

Travel and Leisure (mean) 6.44 3.87 3.98 4.57 5.34 3.01

Travel and Leisure (p-value) <1*10-3 0.018 0.140 0.340 0.455 <1*10-3

Industrial Goods and Services (mean) 5.71 3.36 4.06 4.51 5.11 3.76

Industrial Goods and Services (p-value) 0.231 0.108 0.233 0.288 0.599 0.104

Energy (mean) 5.76 2.92 4.78 4.84 4.96 4.55

Energy (p-value) 0.210 0.670 0.309 0.491 0.443 0.490

Food, Beverage, and Tobacco (mean) 6.35 3.58 4.10 4.53 5.07 5.32

Food, Beverage, and Tobacco (p-value) 0.006 0.075 0.252 0.311 0.703 0.021
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offer unique and differentiating experiences. The position-
ing of these companies is in line with the growth of the
tourism sector in Portugal in recent years (PTGOV, 2024).

Conclusions
Entrepreneurs play a pivotal role in shaping the trajectory of
sustainable open innovation through their strategic decision-
making. The decisions they make have far-reaching implica-
tions, influencing not only their individual ventures but also
the broader innovation ecosystem. entrepreneurs act as cata-
lysts for sustainable open innovation by making conscious
decisions that align with the principles of environmental stew-
ardship and social responsibility. Sustainable open innovation
offers a collaborative approach that fosters a dynamic ecosys-
tem where diverse perspectives and expertise converge to
address complex challenges associated with sustainability.
This study reveals that innovation openness serves as a cata-
lyst for transformative change, unlocking the full potential
of collective efforts in achieving sustainable development
goals. Furthermore, it also promotes a culture of continuous
learning and adaptability, crucial for navigating the rapidly
evolving landscape of sustainability challenges. However,
the management of sustainable innovation requires a shift in
focus from mere novelty to a more comprehensive and endur-
ing impact. Emphasizing the long-term sustainability, practical
relevance, and collaborative nature of innovations ensures that
they contribute meaningfully to addressing global challenges
and creating a more sustainable future.

This study offers theoretical and practical contributions.
In the theoretical dimension, the article offers a conceptual
model that establishes the relationship between entrepre-
neurs’ individual decision-making skills, open innovation
management, and entrepreneurial performance. The model
posits that entrepreneurs’ decision-making skills serve as

a foundational element influencing their ability to effect-
ively manage open innovation processes. Furthermore, the
model delineates how adept management of open innov-
ation initiatives, characterized by strategic partnerships, knowl-
edge exchange, and external collaboration, can amplify the
impact of entrepreneurs’ decision-making skills. Effective
open innovation management fosters the integration of external
expertise and resources, catalyzing the development of innova-
tive solutions and enhancing the competitiveness of entrepre-
neurial ventures. Moreover, the study reveals that only the
innovation novelty construct has no impact on sustainable
innovation management. While novelty can be a compo-
nent of innovation, it alone does not guarantee success,
particularly in the context of sustainable innovation man-
agement. Sustainable innovation management focuses on
creating value not only for the present but also for the
future, considering environmental, social, and economic
considerations. In this framework, the emphasis is on solu-
tions that are not only novel but also have a lasting positive
impact on society and the environment. In terms of prac-
tical outcomes, this study can lead to the creation of
innovative and environmentally friendly products and
services. Open innovation fosters knowledge exchange
and learning opportunities. Through collaborations with
external partners, companies gain access to diverse per-
spectives, insights, and best practices, which can lead to
process improvements and cost-saving innovations.
Furthermore, sustainable open innovation contributes to
the development of innovation ecosystems that support
sustainable development goals. These ecosystems bring
together actors from different sectors and disciplines, fos-
tering synergies and facilitating the diffusion of innovation.
By nurturing such ecosystems, sustainable solutions can be
scaled up and replicated more efficiently.

Table 7. Quotes from thematic analysis.

Company Variables Quote

C1 EP2 “During the Covid-19 pandemic, we had to implement a layoff model because of the loss of customers due to the

general paralysis of tourist activity. We have used the simplified layoff model implemented by the Portuguese

government.”

C2 EP1, EP2 “We need to hire new staff, especially in local communities, to showcase the traditions of each place. At the same

time, and given the time asymmetries of tourism, we need to have short-term collaborations, which creates

legal difficulties given the rigidity of the labor market.”

C2 EP6 “Internationalization of activities is not a priority given the high level of competition and the need to know the

history and traditions of each location.”

C3 EP1 “We need to hire highly qualified staff, so our option is to network with universities and research centers. We

have a number of collaborators from both the academic and business worlds.”

C3 EP6 “Our target market is essentially the central European countries that are betting on more technology-oriented

agriculture, while in Portugal the market is still not very attractive.”

C4 EP1 “Our very specialized area requires that our recruitment processes have an international approach. We have

hybrid and remote working models. More than 75% of our employees are foreigners.”

C4 EP1, EP6 “The growth of our company is largely in the context of international projects. This has the dual effect of

increasing our staff and expanding our business activities.”
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This study presents some limitations. Our approach falls
short of establishing causal relationships in fields such as the
impact of sustainability goals on decision-making, impact of
technological advancements on sustainable innovation, or
the effect of regulatory environment on decision-making.
The exploration of these themes can be carried out through
longitudinal studies that can extract data throughout the entre-
preneurial process. Furthermore, the exclusive focus on start-
ups within science and technology parks may limit the
generalizability of your findings. Future work should therefore
include other companies such as small and medium-sized
enterprises located outside science parks. This comparative
analysis could prove important for establishing support pol-
icies for these organizations.
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