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ABSTRACT

Growing environmental concerns and the digital transformation of businesses have intensified the need to understand how sus-
tainability and technology interact within organizational decision-making. This study examines how external market pressures,
customer expectations, and competitive pressure shape internal innovation mechanisms (marketing, process, organizational) and
artificial intelligence (AI) adoption, and how these factors influence decision-making toward green innovation in companies.
A quantitative approach was applied using a structured questionnaire administered to 394 consumers and professionals with
work experience in companies that integrate sustainability and innovation. The research model was tested through Partial Least
Squares Structural Equation Modeling. Results indicate that customer expectations positively affect marketing, process, and orga-
nizational innovation but do not significantly influence AI adoption, whereas competitive pressure strongly drives all innovation
dimensions, including Al All internal mechanisms positively impact green innovation decisions, with AI emerging as a strategic
enabler. This study applies the stimulus-organism-response (S—O-R) framework to sustainability contexts by integrating Al as
an organizational mechanism. It highlights the distinct roles of external pressures, showing that competitive pressure, not cus-
tomer expectations, is the main driver for technological integration, offering actionable insights for advancing green innovation
strategies.

1 | Introduction and organizational solutions that minimize environmental

impacts (Amin et al. 2025; El-Kassar and Singh 2019). Beyond

The climate crisis and its environmental impacts, such as climate
change, biodiversity loss, and resource scarcity, have increased
pressure on companies to adopt sustainable innovations (Mi
et al. 2026; Sanchez-Sellero and Bataineh 2022). These innova-
tions reduce environmental impact and promote social responsi-
bility (Gomes et al. 2024).

In this scenario, green innovation emerges as a crucial ele-
ment in promoting sustainable development, with technological

its environmental role, green innovation can also provide firms
with a competitive edge by supporting differentiation, improving
resource efficiency, and strengthening legitimacy among stake-
holders who increasingly value sustainable business conduct
(El-Kassar and Singh 2019; Hojnik and Ruzzier 2016). Thus,
green innovation should be considered a key element of the
United Nations Sustainable Development Goals (SDGs). The
11th (creating sustainable cities and communities) and 12th
(promoting responsible consumption and production) (Singh
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et al. 2022; Song et al. 2020) are crucial for promoting an eco-
logical organizational identity, environmental commitments, and
legitimacy. Thus, the green transition requires the creation of
new and valuable ideas for green products, processes, services,
and behaviors. Only then can business models be strengthened,
management attitudes changed, and finally, a green organiza-
tional identity established (Song and Yu 2018). Recent evidence
from Spain reinforces this strategic view by showing that green
innovation strategies increase the probability that firms enter
and remain in export markets, suggesting that environmental
innovation may generate advantages that go beyond regulatory
compliance and extend to international competitive positioning
(Martinez-Ros and Merino 2023). Evidence from Germany also
indicates that green innovation-related knowledge spillovers can
improve SMEs’ productivity, profitability, and export intensity,
which suggests that the competitive benefits of green innovation
may diffuse through industrial networks rather than remain con-
fined to focal innovators alone (Bryson et al. 2025). At the broader
European level, cross-border green research networks have been
shown to strengthen green innovation capabilities in European
regions, underlining the importance of collaborative learning and
interorganizational knowledge exchange in the green transition
(Fabrizi et al. 2025).

Alongside green innovation, other approaches have emerged as
drivers of sustainability, in particular artificial intelligence (AI),
which is increasingly playing a significant role in advancing sus-
tainability (Li and Li 2026). Its tools are used strategically to sup-
port decision-making by optimizing processes, reducing waste,
and improving energy efficiency, thereby contributing to more
sustainable business practices (Ferreira et al. 2023; Zhao and Far-
ifas 2023). They also offer solutions that improve environmental
performance and streamline processes (Rashid et al. 2024), assist
in identifying opportunities for ecological innovation, which
can decrease energy use and reduce environmental pollution,
and even increase financial gains (Qi et al. 2025). Thus, Al posi-
tively influences corporate sustainability performance (Jabbour
et al. 2025), generates renewable energy gains (Dauvergne 2022),
and improves waste and pollution management (Ferreira
et al. 2023).

A practical example is Amazon, which used Al to identify and
refine packaging solutions based on product shape, available
resources, and customer feedback. Amazon scientists trained this
Al tool to learn what best serves customers, and as a result,
Amazon reduced its use of packaging material (Birch 2024).
Examples such as this show that the fusion of AI and sus-
tainability has gained prominence as the most viable path to
contributing to better environmental governance. This fusion
has contributed to long-term sustainable development in dif-
ferent economic sectors (Nishant et al. 2020). This contri-
bution includes the Member States (MS) of the European
Union (EU), other European countries, and regional neighbors
that are developing innovation policies to stimulate a strategy
of technological transformation combined with sustainability
(EIS 2021).

In the Portuguese context, green innovation is also gaining
prominence due to growing social pressure on companies to
adopt sustainable practices, driven by consumers’ environmental

awareness (Lopes and Gomes 2022). Data from 2022 show
that 73% of Portuguese companies recognize sustainability as a
strategic area, 55% have their mission and vision aligned with
sustainability commitments, and 52% claim to have implemented
green innovation practices and monitor their sustainability strat-
egy (BCSD 2023). However, data from 2024 show that only 17%
of Portuguese companies have already adopted Al practices in
their decision-making processes, thus highlighting that the inte-
gration of sustainability and digital skills represents a significant
opportunity for Portugal (ACEPI 2024). At the same time, recent
research suggests that the development of green innovation
depends strongly on internal organizational conditions rather
than on external pressures alone. Evidence from Spanish firms
shows that organizational innovation is a significant driver of
green innovation (Bataineh et al. 2024). Likewise, evidence from
European SMEs indicates that changes in work responsibility
and decision-making are among the organizational forms most
conducive to eco-innovation (Rodriguez-Rebés et al. 2024).
This argument is consistent with the organizational learning
literature, which shows that stakeholder pressures are more
effectively translated into green product and process innovation
when firms develop learning mechanisms to absorb, interpret,
and apply environmental knowledge (Zhang and Zhu 2019).
Taken together, these studies suggest that learning-oriented
organizations are better positioned to convert sustainabil-
ity pressures into green innovation and, ultimately, into a
competitive edge.

The existing literature (Nwachukwu and Vu 2022; YuSheng
and Ibrahim 2019) indicates that external factors, such as com-
petitive pressure and customer expectations, play a signifi-
cant role in how companies innovate and adopt sustainable
practices.

However, current knowledge remains fragmented in at least three
ways. First, some studies examine external drivers or individ-
ual innovation dimensions separately, which makes it difficult
to explain how customer expectations and competitive pressure
are translated into green decisions through a combination of
internal mechanisms (El-Kassar and Singh 2019; Hervas-Oliver
et al. 2014; Nwachukwu and Vu 2022). Second, although AI
is increasingly discussed as a sustainability enabler, it is rarely
incorporated together with marketing, process, and organiza-
tional innovation in a single explanatory framework of green
innovation-oriented decision-making (Ferreira et al. 2023; Jab-
bour et al. 2025). Third, the literature still provides limited evi-
dence from contexts such as Portugal, where digital adoption
remains comparatively modest and where the perceptions of
workers and consumers with professional experience can illumi-
nate how these mechanisms are interpreted in practice. Fourth,
although prior studies suggest that organizational learning and
organizational innovation help firms transform sustainability
pressures into green innovation and stronger competitive posi-
tioning, these links are rarely examined together with AI adop-
tion and external market pressures in one integrated explana-
tory framework, particularly in contexts such as Portugal and
other European economies undergoing simultaneous green and
digital transitions (Bataineh et al. 2024; Bryson et al. 2025;
Rodriguez-Rebés et al. 2024). These gaps highlight the need for an
integrated analysis that incorporates both external and internal
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factors from the perspective of individuals with practical experi-
ence in the labor market, thereby clarifying the pathways through
which sustainability-related stimuli shape green decisions in Por-
tuguese companies.

In view of this, this study aims to analyze how external fac-
tors (competitive pressure and customer expectations) drive Por-
tuguese companies to implement sustainable practices by influ-
encing internal factors (marketing innovation, process innova-
tion, organizational innovation, and AI adoption), as perceived
by consumers with labor-market experience. To this end, a ques-
tionnaire was administered, obtaining 394 valid responses from
consumers and workers with professional experience in Por-
tuguese companies that incorporate environmental sustainability
and innovation practices.

This study has four main contributions. First, it addresses the
fragmentation of prior literature by jointly examining customer
expectations, competitive pressure, marketing innovation, pro-
cess innovation, organizational innovation, and AI within one
S-0O-R model of green innovation-oriented decision-making.
Second, it strengthens the theoretical explanation of the phe-
nomenon by treating innovation dimensions and AI as inter-
nal mechanisms through which external market stimuli are
interpreted and converted into sustainability-oriented responses,
rather than as isolated correlates. Third, it extends the litera-
ture on green innovation by clarifying the enabling role of orga-
nizational innovation and Al in the formation of environmen-
tally oriented decisions, while also engaging with the view that
learning-oriented internal arrangements matter for firms’ green
adaptation. Finally, it provides evidence from Portugal based
on the perceptions of individuals with professional experience,
thereby adding contextual insight to a research stream still dom-
inated by firm-level and non-Portuguese studies.

2 | Literature Review

21 | Theoretical Framework

The S-O-R framework explains behavior as a sequence where
external stimuli (S) first act upon an entity, shaping its internal
organism (O) state, which then leads to a specific response (R),
either approaching or avoiding the situation (Lopes et al. 2026;
Vieira 2013). In this model, the organism functions as the
bridge between stimulus and response, translating environmen-
tal inputs into internal changes such as attitudes, perceptions,
and motivations that ultimately drive behavior (Mehrabian and
Russell 1974). This model is typically used to predict and explain
an individual’s behavior in a given situation. In the business con-
text, S-O-R is used to examine how companies respond to exter-
nal pressures, such as customer expectations and competitive
pressures.

The Stimulus (S) refers to external or environmental factors
that affect a user’s individual psychological or perceptual state
(Li et al. 2021), and is an omnipresent indicator in the phys-
ical environment (Talwar et al. 2021). In the S-O-R model,
stimuli (S) serve as the basis for a series of individual per-
ceptions or psychological and behavioral outputs, which can

trigger the individual’s cognitive and emotional organism (O)
and, subsequently, their behavioral response (R) (Mehrabian
and Russell 1974). In the business context, competitive pressure
and customer expectations can drive changes in innovation and
sustainability.

The organism (O) is understood as the internal process, indi-
vidual perception or feeling, and the cognitive, psychological,
and emotional state of the individual (Duong 2023). It covers a
wide range of content, such as attitudes, beliefs, values, motives,
and cognitions. Individuals analyze environmental stimuli and
use their cognition and emotion to process relevant informa-
tion before responding to external stimuli (Sun et al. 2021).
In the business context, “organism” can involve actions such
as Al integration, innovations in marketing, processes, and
organizational structure, aiming to respond to the demand for
sustainability.

Sultan et al. (2021) define response (R) as the behavioral inten-
tion manifested by an individual, based on cognitive and emo-
tional responses, corresponding to the organism’s outcome and
including intentions of approach or avoidance. Actions or inten-
tions, whether approach or avoidance, can be considered reactive
content. When users respond, the influence of the external envi-
ronment can lead to positive or negative behaviour.

Thus, green innovation-oriented decision-making is conceptu-
alized in this study as the response that follows when firms
interpret external sustainability-related pressures and activate
internal mechanisms to address them. The S-O-R model has
been widely applied in consumer behavior, organizational behav-
ior, marketing, and innovation research to analyze the relation-
ships between external influences, cognitive processes, and emo-
tional behaviors following decision-making (Anic et al. 2023; Le
et al. 2025). Yet, in sustainability research, its application often
stops at identifying associations, offering less detail on the conver-
sion process that links market pressures to organizational action.
This is particularly evident in contexts of green innovation inte-
grated with Al, especially in emerging economies such as Por-
tugal, where cultural, regulatory, and digital-maturity conditions
can alter behavioral and organizational dynamics.

This model was chosen for the present study because it explains
how external factors (customer expectations and competitive
pressure) are perceived by companies and translated into inter-
nal mechanisms, including the adoption of Al, process innova-
tion, marketing innovation, and organizational structures. More
specifically, customer expectations and competitive pressure are
treated as stimuli because they raise the salience of environ-
mental requirements in the market; marketing innovation, pro-
cess innovation, organizational innovation, and AI are treated
as organismic mechanisms because they represent the internal
arrangements through which firms interpret, prioritize, and oper-
ationalize those requirements; and green innovation-oriented
decision-making is treated as the response because it reflects the
organization’s enacted sustainability choice. This structure pro-
vides the theoretical basis for the hypotheses by addressing two
linked questions: why should external pressures trigger inter-
nal innovation, and how do those internal mechanisms translate
pressure into green decisions?
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2.2 | Green Innovation and Artificial
Intelligence in the Future of Companies

Based on the S-O-R model, this literature review explores how
external stimuli (S) impact internal decision-making processes
(O) in companies, leading to organizational responses (R) ori-
ented toward sustainability. Sustainability is defined as develop-
ment that meets the needs of the present without compromis-
ing the ability of future generations to meet their own needs
(Silvestre and Tirca 2019). In the business context, this sus-
tainability orientation also becomes strategically relevant when
green innovation allows firms to differentiate their offerings,
improve operational efficiency, and respond more credibly to
stakeholder demands, thereby strengthening competitive posi-
tioning (El-Kassar and Singh 2019; Hojnik and Ruzzier 2016).
Evidence from Spain reinforces this argument by showing that
green innovation strategies create incentives for firms to enter
new markets and remain persistent in export activities, indicat-
ing that the benefits of green innovation extend beyond envi-
ronmental compliance to firms’ international competitive posi-
tioning (Martinez-Ros and Merino 2023). In the German con-
text, green innovation also generates broader economic effects,
as green knowledge spillovers have been shown to boost SMEs’
green innovation, productivity, profitability, and exporting per-
formance, suggesting that green innovation can create a compet-
itive edge not only within focal firms but also along value chains
and industrial ecosystems (Bryson et al. 2025). At the broader
European level, cross-border green research networks have also
been shown to strengthen green innovation capabilities in Euro-
pean regions, highlighting the strategic value of collaboration
and knowledge diffusion for environmental innovation (Fabrizi
et al. 2025).

In this sense, AI has played a key role in transforming
companies’ environmentally responsible practices by driving
economic growth, improving social well-being, and advanc-
ing environmental sustainability (Gandia et al. 2025; Grewal
et al. 2021). Additionally, AI is a powerful driver of innova-
tion, transforming industries by optimizing processes, improv-
ing decision-making, and enabling entirely new business models
(Magistretti et al. 2019). However, the literature reveals a gap in
the analysis of how Al interacts with green innovations in specific
regional contexts, such as Portugal, where the adoption of digital
technologies is still low.

With regard to stimuli (S), the demands of consumers who
are increasingly attentive to sustainable consumption stand out,
driven by growing environmental concerns and competitive pres-
sure to adopt green practices (ElHaffar et al. 2020). These external
pressures reinforce green marketing as a strategic element aimed
at satisfying customer needs and generating a competitive advan-
tage (Chen et al. 2024; Zameer et al. 2020). Accordingly, green
innovation should be understood not only as a response to envi-
ronmental expectations, but also as a mechanism through which
firms protect and renew their market position (Silvério et al. 2025;
Van et al. 2025).

In the field of the organism (O), company employees serve as
agents that process these stimuli. This process leads workers to
feel the impact of external pressures and, consequently, to align

their responsibilities with new organizational requirements,
such as the adoption of AI in the organization (Ozen and
Ozturk-Kose 2023). Al has been applied to optimize processes,
balance environmental responsibility with profitability, reduce
waste without increasing costs, and innovate quickly. Thus, com-
panies have implemented transparent green manufacturing and
logistics policies, committing to work only with partners who
share the same sustainable practices (Kiba-Janiak et al. 2024).
Despite these advances, research on how employees perceive and
internalize these pressures in low-digital-maturity work environ-
ments remains limited. At the same time, recent evidence indi-
cates that internal organizational conditions play a decisive role
in the development of green innovation. In Spanish firms, orga-
nizational innovation has been shown to promote green inno-
vation directly, confirming that changes in organizational prac-
tices are not merely supportive but constitutive of firms’ environ-
mental innovation capacity (Bataineh et al. 2024). Similarly, evi-
dence from European SMEs shows that the relationship between
eco-innovation and organizational innovation is especially strong
when firms innovate in work responsibility and decision-making,
suggesting that learning-oriented organizational arrangements
are particularly conducive to the development of green inno-
vation (Rodriguez-Rebés et al. 2024). These findings are impor-
tant for the present study because they indicate that firms
do not respond to sustainability pressures through technology
alone; they also rely on internal organizational redesign and
knowledge-related adaptation to convert such pressures into
green innovation outcomes.

In response (R), companies have implemented Al-driven
changes. For example, companies such as Adidas and Ikea
are using Al algorithms in their production processes to adopt
a more sustainable stance, with the replacement of raw mate-
rials, the reduction of their carbon footprint, the development
of 3D-printed clothing, and the innovation of environmentally
conscious products (Laurin and Fantazy 2017; Sheng 2022).

In addition, many companies have turned to social media plat-
forms, particularly TikTok and Instagram, not only to promote
products or services but also as part of their institutional commu-
nication strategy. Such platforms allow brands to communicate
directly with consumers and encourage real-time engagement,
thereby fostering an authentic, transparent corporate image (Gre-
wal et al. 2017; Sapag et al. 2023).

Partnerships with social media influencers and the active
participation of employees in content creation have become
commonplace, sharing the company’s day-to-day activities,
behind-the-scenes insights, sustainable initiatives, and actions
that reflect its values. As a result, companies engage and
attract future employees who identify with their values (Sine-
mus et al. 2025). Additionally, research (Herrmann et al. 2022;
Olawade et al. 2024) shows that companies with sustainable prac-
tices have gained a larger market share, as consumers are will-
ing to pay a higher price for sustainable products. These out-
comes indicate that green innovation can create a competitive
edge when firms translate environmental efforts into value that
customers recognize and reward. Therefore, Al can transform
consumption patterns by promoting more ethical, environmen-
tally responsible, and efficient practices (Borre et al. 2024).
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The integration of AI into sustainability is a revolutionary
solution to address critical challenges and achieve the United
Nations Sustainable Development Goals (SDGs), offering innova-
tive approaches to mitigate environmental impact, create sustain-
able products, and increase overall efficiency (Algaralleh 2023).
These digital Al technologies play a key and strategic role in facil-
itating circular economy ambitions, as they accelerate sustain-
able circular processes. As a result, several companies worldwide
are turning to Al technologies to promote circularity, such as
using sensors to monitor and maintain products more effectively
(Khulbe 2025).

Therefore, AI not only makes processes faster or cheaper, but
also helps companies think differently, enabling teams to see
connections, test ideas, and solve problems in ways previously
unthinkable (Fiiller et al. 2022). Combined with sustainabil-
ity, AI has become a catalyst for change, enabling compa-
nies to innovate faster and with less waste, anticipate envi-
ronmental regulations, and meet growing consumer demand
for sustainable products (Gandia et al. 2025). In this sense, Al
can reinforce the competitive benefits of green innovation by
helping firms innovate faster, reduce waste, anticipate regula-
tory change, and respond more effectively to demand for sus-
tainable products (Fiiller et al. 2022; Gandia et al. 2025). Al
is not just a tool for technology companies, but an opportu-
nity for all sectors. However, the literature lacks studies that
examine barriers to Al adoption, limiting understanding of its
impact on green innovation. Al can transform sustainability
into a competitive advantage. Thus, sustainability should not
be seen only as a goal, but rather as a continuous process in
which Al serves as a strategic vector for green innovation, align-
ing technology, sustainability, and competitive advantage within
companies.

2.3 | Hypothesis Development

Guided by this logic, the hypotheses are developed as a sequen-
tial deduction rather than as independent bivariate expectations.
In the first stage, the study argues that external stimuli increase
the need for adaptation, legitimacy, and competitive position-
ing, thereby activating internal innovation mechanisms. In the
second stage, it argues that once these mechanisms are acti-
vated, they shape the firm’s capacity to recognize opportuni-
ties, reconfigure routines, and make sustainability-oriented deci-
sions. The following subsections therefore explain both why each
relationship is expected and how it operates within the S-O-R
sequence.

2.3.1 | Customer Expectations

Customer expectations are preconceived ideas about a product
or service that serve as criteria or benchmarks for measuring its
efficiency. These perceptions influence how consumers evaluate
companies’ performance and the services they actually receive
(Bebko et al. 2006; Xu et al. 2017). In sustainability contexts, these
expectations increase the salience of environmental attributes in
market evaluation, meaning that firms are judged not only on
functional performance but also on whether their offerings, pro-
cesses, and conduct are aligned with responsible consumption

values (ElHaffar et al. 2020; Reppmann et al. 2025). From an
S-0O-R perspective, customer expectations operate as a stimulus
because they signal what customers consider acceptable, desir-
able, and legitimate. Firms that perceive these signals are pres-
sured to adapt internally so that sustainability claims are reflected
in market-facing actions and operational practices rather than
remaining symbolic.

To exceed customer expectations, marketing innovation emerges
as a strategic response because sustainability-sensitive customers
require visible and credible signals of environmental com-
mitment. Marketing innovation involves the implementation
of new promotion methods, products, or services to improve
the customer experience and reinforce the company’s image
(Nwachukwu and Vu 2022; Tran et al. 2025). When firms
respond to these expectations through eco-labeling, commu-
nication redesign, or sustainability-oriented positioning, they
are not simply promoting products; they are adjusting internal
market-facing practices to align with what customers value. In
this way, customer expectations function as a driver of perceived
marketing innovation.

H1. Customer expectations positively impact perceived market-
ing innovation.

Customer expectations can also stimulate process innovation
because sustainability-oriented demand is difficult to satisfy
through communication alone; it often requires changes in
how products are produced, delivered, and recovered. As firms
seek to meet expectations for lower waste, safer materials, and
responsible production, they are pushed to redesign routines,
adopt cleaner technologies, and improve resource efficiency
(Garza-Reyes 2015; Hojnik and Ruzzier 2016). Process inno-
vation becomes the operational mechanism that makes sus-
tainability promises feasible, while also helping firms control
costs through recycling, reuse, and more efficient resource use
(Martinez-Jurado and Moyano-Fuentes 2014).

H2. Customer expectations positively impact perceived process
innovation.

Consumers have set expectations for companies’ socio-
environmental behavior, demanding a wide range of sustainable
products; this pressure has led companies to adopt sustainable,
purposeful decision-making to drive changes in sustainable
consumption behavior (Lopes et al. 2024; Reppmann et al. 2025).
Thus, green organizational innovation encompasses the creation
of new and valuable ideas for green products, processes, ser-
vices, and behaviors that can strengthen business models and
change management attitudes to establish a green organizational
identity (Song and Yu 2018).

According to Borsatto and Amui (2019), green organizational
innovation reflects compliance with management standards and
environmental regulations. Thus, investing in green innovations
can boost an ecological organizational identity, environmental
commitments, and legitimacy. As a result, the adoption of organi-
zational innovation leads to successful green strategies that opti-
mize the use of organizational resources and coordinate tasks
to increase compliance and reduce waste (Sanchez-Sellero and
Bataineh 2022).
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H3. Customerexpectations positively impact perceived organiza-
tional innovation.

AI has become an important enabler of personalized cus-
tomer experiences by helping firms manage interactions, inter-
pret data, and tailor services to individual needs (Peruchini
et al. 2024). In principle, rising customer expectations may
encourage firms to adopt Al because digital tools can improve
speed, accuracy, and responsiveness in customer relationship
management, including sustainability-related information and
service support (Gomes et al. 2025; Nogueira, Lopes, and
Gomes 2025).

One practical application is the use of Al-driven chatbots in cus-
tomer relationship management (Mohamed et al. 2025; Vebrianti
et al. 2025). These systems automate communication through
text or voice, streamline routine interactions, and support faster
responses to customer requests (Miraz et al. 2024). Because
customer expectations increasingly include convenience, trans-
parency, and timely support, AI becomes a plausible internal
mechanism through which firms attempt to satisfy those expec-
tations more effectively.

From the S-O-R perspective, the mechanism is that customer
expectations raise the value of information-rich and responsive
systems, thereby making AI adoption more attractive to firms
seeking to improve service quality and support more informed,
environmentally conscious choices. However, the literature still
offers limited evidence on how customer expectations shape per-
ceived AI adoption in green business contexts.

H4. Customer expectations positively impact perceived Al.

2.3.2 | Competitive Pressure

Instead of reacting passively, companies often reshape their
strategies to remain competitive. When rivals introduce greener
products, processes, or technologies, firms face a risk of relative
disadvantage in cost, reputation, and legitimacy, which turns
competition into a powerful stimulus for change (Hsu et al. 2013;
Tran 2025). Competitive pressure is therefore more than general
market rivalry; it is a signal that existing routines may no longer
be sufficient to protect market position. In sustainability settings,
this pressure can trigger multiple forms of internal adaptation
because firms seek not only compliance but also differentiation
and strategic parity with competitors. This interpretation is rein-
forced by recent evidence showing that competitive pressure can
redirect firms’ sustainability efforts toward innovation-oriented
responses. In particular, Cenci et al. (2025) show that stronger
competitive pressure induces firms to diversify environmental
initiatives and increase the relative emphasis placed on innova-
tion capabilities, with positive abatement potential. This is strate-
gically relevant because green innovation is increasingly associ-
ated with competitive outcomes. In Germany, Bryson et al. (2025)
show that green knowledge spillovers improve SMEs’ green
innovation, productivity, profitability, and exporting perfor-
mance, suggesting that firms operating under competitive pres-
sure may pursue environmental innovation not only to respond
to rivals but also to protect and strengthen their competitive
position.

Marketing innovation is one likely response because competi-
tion pushes firms to communicate environmental value more
effectively and to reposition brands around sustainability (Pant
etal. 2020; Vuong et al. 2024). Green marketing innovation allows
firms to make their environmental efforts visible, differentiate
their offerings, and defend their reputation in markets where
sustainability claims influence customer choice (Borsatto and
Amui 2019; Jung et al. 2020). The mechanism is that competi-
tive pressure raises the strategic payoff of being seen as innovative
and responsible, thereby encouraging firms to revise marketing
practices.

HS5. Competitive pressure has a positive impact on perceived
marketing innovation.

Competitive pressure can also encourage process innovation
because firms confronted with rivals’ sustainability initiatives
must improve efficiency and environmental performance simul-
taneously (Cenci et al. 2025; Nguyen et al. 2023). Cleaner tech-
nologies, redesigned production systems, and resource-saving
practices help firms reduce pollution, lower waste, and respond
to more stringent market expectations without sacrificing com-
petitiveness (Tian et al. 2023; Xu et al. 2023). In this case, pro-
cess innovation works as an internal adaptation mechanism that
allows firms to answer competitive threats through better opera-
tional performance and greener production.

H6. Competitive pressure positively impacts perceived process
innovation.

Organizational innovation also represents a strategic response to
competitive pressure, as it significantly impacts business perfor-
mance in terms of productivity, delivery times, quality, and flexi-
bility (Atkinson et al. 2022). The pursuit of sustainability within
organizations has driven innovation to gain a competitive advan-
tage, developing specific solutions for resource-constrained envi-
ronments that create a value proposition that can lead to oppor-
tunities in such markets (Tian et al. 2023). Evidence indicates
that companies with sustainable practices have a positive impact
on green innovation (Gomes et al. 2024). Organizational innova-
tion also allows companies to invest in capabilities and resources
that enhance their competitive positioning and achieve superior
performance, enabling them to reinvest profits in the develop-
ment of unique capabilities and resources, sustain their compet-
itive advantage, and support decision-making (Lopes et al. 2022;
Nogueira et al. 2023). Therefore, companies tend to adopt innova-
tive organizational practices in response to the competitive pres-
sure environment (Fernandes et al. 2021). Recent evidence pro-
vides more direct support for this mechanism. In Spanish firms,
Bataineh et al. (2024) show that organizational innovation sig-
nificantly promotes green innovation, indicating that changes in
organizational practices are not merely supportive, but part of the
mechanism through which firms build environmental innova-
tion capacity. Complementing this finding, evidence from Euro-
pean SMEs shows that innovation in work responsibility and
decision-making is the organizational form most conducive to
eco-innovation (Rodriguez-Rebés et al. 2024). Taken together,
these findings suggest that, under competitive pressure, firms are
likely to rely on learning-oriented changes in structures, respon-
sibilities, and decision processes in order to generate green inno-
vations that can sustain competitive edge.
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H?7. Competitive pressure positively impacts perceived organiza-
tional innovation.

Most organizations have implemented Al-based technology to
sustain competitive advantage (Krakowski et al. 2023). In com-
petitive environments, Al can become attractive because it
expands information-processing capacity, improves forecasting,
and supports faster and more consistent decisions than conven-
tional routines alone (Mahajan et al. 2025).

In sustainability contexts, this means that firms under com-
petitive pressure may adopt AI to enhance environmental
analysis, partner coordination, and decision support, thereby
improving both sustainable performance and market responsive-
ness (Gandia et al. 2025; Jabbour et al. 2025; Zhao and Far-
ifias 2023). The expected mechanism is that competitive intensity
increases the value of Al as a capability that helps firms respond
more quickly and intelligently to environmental and market
demands.

HS8. Competitive pressure positively impacts perceived Al.

2.3.3 | Marketing Innovation

Marketing innovation refers to the implementation of new mar-
keting methods that involve significant changes in packaging
design, product placement, product promotion, or pricing (Chen
etal. 2024). Its relevance for green decision-making lies in the fact
that it does not merely publicize existing sustainability efforts;
it helps define how environmental value is framed, prioritized,
and communicated within the firm. When companies invest in
eco-labeling, sustainability-oriented branding, and new forms of
stakeholder engagement, they strengthen the internal legitimacy
of green initiatives and generate clearer signals about which envi-
ronmentally responsible actions should be pursued (Alhamad
et al. 2023; Borsatto and Amui 2019; Chen et al. 2024). In other
words, marketing innovation can convert sustainability from a
peripheral message into a concrete strategic criterion in organi-
zational decision-making.

HO9. Perceived marketing innovation positively
decision-making on green and sustainable innovation.

impacts

2.3.4 | ProcessInnovation

Process innovation involves significant changes in production
and delivery methods, aiming to maximize production process
flexibility, minimize production costs, and improve product qual-
ity (Ramadani et al. 2019). It is expected to influence green
decision-making because it directly affects the feasibility of envi-
ronmental action inside the firm. When organizations adopt
cleaner technologies, redesign production flows, or improve
material and energy efficiency, green choices become easier to
implement and less dependent on symbolic commitment alone
(Garza-Reyes 2015; Khurshid et al. 2023). Process innovation
therefore operates as the practical mechanism through which
sustainability objectives are translated into operational routines,
which should favor decisions oriented toward green innovation
(Liu et al. 2025).

H10. Perceived process innovation has a positive impact on
decision-making regarding green and sustainable innovation.

2.3.5 | Organizational Innovation

Organizational innovation refers to the transformation of inter-
nal structures and workflows, aiming to improve how resources
are managed and utilized. It encompasses adjustments in admin-
istrative systems, the application of managerial knowledge, and
the development of skills that support effective decision-making.
These changes enable organizations to operate efficiently and
achieve sustainable success (Damanpour et al. 2009). In sus-
tainability contexts, its importance goes beyond administra-
tive efficiency, because changes in structures, managerial sys-
tems, and knowledge deployment create the internal conditions
through which green innovation can be developed and imple-
mented. By improving coordination, reallocating resources, and
embedding environmental objectives in daily routines, organiza-
tional innovation helps firms transform sustainability pressures
into concrete green products, processes, services, and behaviors
(Sanchez-Sellero and Bataineh 2022; Song and Yu 2018). With
growing concerns about environmental sustainability and cli-
mate change, and increasing regulatory and social pressures,
organizations must adopt green practices across their internal
structures and processes (Ali et al. 2024). Recent empirical evi-
dence strengthens this argument by showing that organizational
innovation is not only complementary to green innovation, but
one of its direct drivers. In Spanish firms, Bataineh et al. (2024)
show that organizational innovation significantly promotes green
innovation, indicating that changes in internal structures and
managerial arrangements are part of the mechanism through
which firms build environmental innovation capacity. At the
European level, Rodriguez-Rebés et al. (2024) also find that the
relationship between eco-innovation and organizational innova-
tion is particularly strong when firms innovate in work respon-
sibility and decision-making, suggesting that internal redesign
in how people coordinate, decide, and assume responsibilities
is especially conducive to the development of green innovation
in SMEs.

In this context, green transformational leadership is a key fac-
tor, as it motivates employees to adopt sustainable practices
(Abourokbah et al. 2024) and increases employees’ green creativ-
ity (Begum et al. 2022). This suggests that organizational inno-
vation also has a learning-oriented role: when firms encourage
employee participation, develop green skills, and create condi-
tions for shared problem-solving, they become better able to gen-
erate and absorb green ideas across the organization. By creating
an environment that values employee participation, the process
of sustainability-oriented decision-making is facilitated, and the
importance of involving the team in environmentally responsi-
ble actions to achieve long-term sustainability and improve orga-
nizational performance and overall competitiveness is empha-
sized (Ahmed et al. 2023; Nogueira, Gomes, and Lopes 2025;
Tian et al. 2023). This learning-oriented perspective is consistent
with the organizational learning literature. Zhang and Zhu (2019)
show that stakeholder pressures are more effectively translated
into green product and green process innovation when firms
develop organizational learning capabilities. Their findings sug-
gest that firms do not convert environmental pressures into green
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innovation automatically; rather, they do so through internal
learning processes that help absorb, interpret, and apply envi-
ronmental knowledge. In this sense, organizational innovation
can be understood as a structural and managerial expression of
a learning organization, because it creates the routines, coordi-
nation mechanisms, and decision environments through which
green ideas can be generated, shared, and implemented.

Therefore, organizational innovation does not merely accom-
pany green innovation; it supports its development by align-
ing leadership, participation, and internal coordination around
environmental goals, while also strengthening long-term organi-
zational performance and competitiveness (Ahmed et al. 2023;
Gomes et al. 2023; Tian et al. 2023). Accordingly, organizational
innovation should be seen not only as an internal adjustment
to sustainability demands, but also as a mechanism through
which firms build learning capacity, strengthen green innova-
tion, and improve their competitive position. This is particularly
relevant in the present study, because it supports the expecta-
tion that firms perceiving stronger organizational innovation will
also show stronger green and sustainable innovation-oriented
decision-making.

H11. Perceived organizational innovation positively impacts
decision-making for green and sustainable innovation.

2.3.6 | Artificial Intelligence

Companies have used Al as a strategic tool to drive sustainabil-
ity (Schwaeke et al. 2025). Al is used to promote a strong green
culture, improve supply chain management, support process con-
trol, and help firms obtain more value from green innovation
(Ferreira et al. 2023; Wamba et al. 2024). Its theoretical relevance
in this study is that Al increases the firm’s capacity to collect,
process, and interpret information that would otherwise be too
complex or too dispersed for timely sustainability decisions.

As Al systems are implemented in environmental decision-
making, they can improve transparency, forecasting, accountabil-
ity, and the identification of opportunities for more sustainable
action (Aljohani 2025; Jabbour et al. 2025; Vinuesa et al. 2020).
The mechanism is therefore analytical and coordinative: Al
helps organizations evaluate environmental alternatives, antici-
pate impacts, and support greener choices with better informa-
tion. In contexts of low technological adoption, this relation-
ship still requires more evidence, but the literature suggests that
perceived Al should positively influence green and sustainable
decision-making.

H12. Perceived artificial intelligence positively
decision-making for green and sustainable innovation.

impacts

Figure 1 shows the research model used in this study.

3 | Methodology

3.1 | Data Collection

The data collection instrument employed in this quantitative
research was a structured questionnaire designed based on val-
idated scales from the literature and carefully adapted to the Por-
tuguese business context, with an emphasis on green innovation
and artificial intelligence. The content and format of the ques-
tionnaire items were directly adapted from the measures pre-
sented in Mahboub and Ghanem (2024) and Tran et al. (2025),
ensuring that the operationalization of each construct aligned
with both recognized international standards and previous
empirical research. The use of a structured questionnaire as
the primary data collection instrument is consistent with estab-
lished practice in green innovation and AI adoption research,
where survey-based measures have been widely employed to
capture managers’ and professionals’ perceptions of external
pressures and internal organizational responses (Mahboub and

Innovation Perceived

FIGURE1 | Research model.

Corporate Social Responsibility and Environmental Management, 2026



Ghanem 2024; Nwachukwu and Vu 2022; Tran 2025). This
approach is also aligned with the operationalization of S-O-R
models in organizational contexts, where individual and profes-
sional perceptions serve as the unit of analysis (Lopes et al. 2026;
Talwar et al. 2021).

The questionnaire comprised two central sections. The initial
section collected information on the sociodemographic back-
ground of respondents, which included gender, age, education,
region, and monthly net income. The second section addressed
the main dimensions of the theoretical model and consisted of
seven latent constructs. These constructs were Customer Expec-
tations (CE) composed of five items, Competitive Pressure (CP)
comprising eight items, Perceived Marketing Innovation (PMI)
described by seven items, Perceived Process Innovation (PPI)
consisting of five items, Perceived Organizational Innovation
(POI) measured through six items, Artificial Intelligence (AI)
comprising six items, and Firm Innovation Decision-Making
(FID) measured by seven items.

A pretest was conducted with a group of twenty participants,
including employees and students from multiple professional
backgrounds, aiming to evaluate the clarity, coherence, and aver-
age completion time of the instrument. Based on their feed-
back, minor revisions were introduced into the wording and the
sequence of specific questions, which resulted in a final version
that was both concise and readily comprehensible.

The data collection phase took place between June and Septem-
ber of 2025 and was predominantly carried out through digi-
tal platforms, including Facebook, LinkedIn, Reddit, and profes-
sional WhatsApp groups. Participation was voluntary and anony-
mous. The mean completion time for the full questionnaire was
approximately 7 minutes.

In total, 394 valid responses were collected from consumers and
workers with professional experience in Portuguese companies
that incorporate environmental sustainability and innovation
practices.

The adequacy of the sample size (N = 394) was evaluated against
multiple criteria. Following the minimum sample size guide-
lines proposed by Hair et al. (2019) for PLS-SEM, the recom-
mended threshold corresponds to 10 times the largest number
of structural paths directed at any single endogenous construct.
In this model, the construct with the greatest number of predic-
tors is Firm Innovation Decision-Making (FID), which receives
four direct antecedents, yielding a minimum requirement of 40
observations, a threshold substantially exceeded by the present
sample. Additionally, a statistical power analysis was conducted
using the General Linear Model power analysis procedure in
Jamovi (v2.7.12.0), assuming a medium effect size (pn?=0.130,
equivalent to f? = 0.149), a significance level of & = 0.05, and four
predictors. With N =394, the achieved statistical power reached
1.000, confirming that the sample provides more than adequate
power for reliable parameter estimation and hypothesis testing
within the proposed structural model. As a result, the final sam-
ple included respondents from a diverse range of organizations
and sectors distributed throughout Portugal. This diversity con-
tributed to the representativeness of the sample and facilitated
comparative analyses between companies of various sizes and dif-
ferent regional contexts.

3.2 | Data Analysis

Statistical analysis began with an examination of the con-
structs included in the research model and the specific items
associated with each construct. The software SPSS version 29
was used to conduct initial data exploration and descriptive
statistics. Hypotheses formulated within the research frame-
work were subsequently tested using the partial least squares
method, which was executed with software SmartPLS ver-
sion 4.1.1.5. This approach represents an advanced multivari-
ate technique that combines statistical analysis with regression
modeling.

The choice of PLS-SEM as the primary analytical method is
theoretically grounded in the nature of the S-O-R framework
adopted in this study. PLS-SEM is particularly suited to mod-
els with composite causal chains between latent constructs,
an exploratory-predictive orientation, and non-normally dis-
tributed data (Hair et al. 2019; Sarstedt et al. 2024). Unlike
covariance-based SEM, which requires strict distributional
assumptions and is more appropriate for confirmatory purposes,
PLS-SEM optimizes the relationships between latent variables
and their indicators while remaining robust under violations of
normality, a condition consistent with survey-based Likert-scale
data. Moreover, PLS-SEM has been widely employed in green
innovation and sustainability research as well as in studies exam-
ining AI adoption in organizational contexts (Mahboub and
Ghanem 2024; Nwachukwu and Vu 2022; Tran 2025), which fur-
ther supports its appropriateness for the present investigation.
The model structure tested here, with two exogenous constructs
predicting four mediating mechanisms, which in turn predict a
single outcome, is well within the analytical scope of PLS-SEM,
particularly given the exploratory nature of integrating Al as an
organismic mechanism within the S-O-R framework in a sus-
tainability context where established theoretical benchmarks are
still developing.

First, the statistical characteristics of both the model constructs
and their respective items were explored. Next, the reliability and
validity of the measurement instruments were assessed. The third
phase involved testing the structural model and the hypothe-
ses through a bootstrapping procedure combined with multiple
linear regression estimation. Bootstrapping is a non-parametric
method for evaluating the significance of the path coefficients
estimated in PLS structural equation modeling. This approach
creates subsamples by randomly drawing observations, with
replacement, from the original dataset, and each subsample is
then used to estimate the structural path model. In this study,
10,000 distinct bootstrap samples were created, and the result-
ing parameter estimations were used to generate 95% confidence
intervals, which supported rigorous significance testing of the
research hypotheses.

4 | Results and Discussion

4.1 | Statistical Description of the Sample

With regard to gender, female respondents constitute 50.8% of the
sample, while males represent 48.7%. Only 0.5% of participants
identify with an alternative gender. This balanced distribution
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TABLE1 | Sociodemographic profile of the sample.
Category Frequency Percentage
Gender
Female 200 50.8%
Male 192 48.7%
Other 2 0.5%
Age range
<25 210 53.6%
25-34 120 30.6%
35-44 36 9.2%
45-54 16 4.1%
>55 10 2.6%
Education
Secondary or lower 47 11.9%
Bachelor’s degree 164 41.6%
Master’s degree 142 36.0%
Doctorate 41 10.4%
Region
Centro 156 39.6%
Norte 130 33.0%
Lisbon Metropolitan Area 74 18.8%
Alentejo 16 4.1%
Algarve 10 2.5%
Acores 6 1.5%
Madeira 2 0.5%

of gender provides a robust basis for interpreting findings across
demographic groups.

The sample is composed predominantly of respondents below
25years old, who represent 53.6% of participants. Additionally,
30.6% are aged between 25 and 34 years, 9.2% are in the 35-44
age group, and 4.1% are between 45 and 54 years old. Only 2.6% of
the total sample is aged 55 or above. This age distribution under-
scores a strong representation of younger and early-career adults
in the research. The sociodemographic profile of the study is sum-
marized in Table 1.

In terms of education, a substantial majority holds higher educa-
tion qualifications. Specifically, 41.6% possess a bachelor’s degree,
and 36.0% completed a master’s degree, whereas 11.9% report sec-
ondary or lower education and 10.4% have obtained a doctorate
(see Table 1). This high educational level aligns with the study’s
focus on business innovation and sustainability.

Geographically, respondents are distributed across all major
regions of Portugal. The Centro region comprises 39.6% of the
sample, followed by the Norte with 33.0%, the Lisbon Metropoli-
tan Area accounts for 18.8%, while Alentejo and Algarve make up
4.1% and 2.5% respectively. A minority of participants are based
in the Azores (1.5%) or Madeira (0.5%). Together, these propor-
tions confirm strong national coverage and reinforce the external
validity of the sample.

4.2 |
Model

Measures of Reliability and Validity of the

A confirmatory factor analysis (CFA) was conducted to confirm
the reflective nature of the measurement model, in which each
construct is assumed to be the common cause of its observed
indicators (Hair 2014). Latent variables, such as Customer Expec-
tations (CE), Competitive Pressure (CP), Perceived Marketing
Innovation (PMI), Perceived Process Innovation (PPI), Perceived
Organizational Innovation (POI), Artificial Intelligence (AI), and
Firm Innovation Decision-Making (FID), were all measured
using their dedicated observed variables, ensuring that the indi-
cators do not exert direct causal effects over the constructs.

All retained indicators exhibited satisfactory factor loadings, with
the exception of four items that were excluded from the model
due to low loadings: CP1, with a loading of 0.569; FID1, with a
loading of 0.600; POI1, with a loading of 0.592; and POI7, with
a loading of 0.590. This process ensured that each construct was
measured exclusively by robust indicators, in line with best prac-
tices and the guidelines set forth by Hair (2014).

The model fit to the data was excellent and met the reference
values suggested by Hair (2014). The model demonstrated a very
good fit to the data, as indicated by GFI=0.964, CFI1=0.953, and
IFI =0.978, all of which are above the recommended threshold of
0.90. Additionally, the RMSEA was 0.063, remaining well below
the accepted cut-off value of 0.08.

Reliability was confirmed by Cronbach’s alpha (Ca > 0.70), com-
posite reliability (CR >0.70), and average variance extracted
(AVE > 0.50) for each construct. The values observed in this study
(e.g., CR and AVE above the reference values for all constructs)
support the internal consistency and convergent validity of the
scales.

Discriminant validity was examined using the Fornell-Larcker
criterion, with results showing that for all constructs the square
root of the AVE (diagonal) exceeded the correlations with other
latent variables (off-diagonal), confirming discriminant validity.
Table 2 summarizes all reliability, convergent, and discriminant
validity indices for each construct and item of the measurement
model.

Regarding predictive relevance, the PLSpredict procedure yielded
Q? values above zero for all endogenous constructs, indicating
meaningful predictive capability of the model (Q*: AI=0.211,
PMI=0.589, POI =0.448, PPI=0.403, FID =0.473). In terms of
explanation, the model showed substantial explanatory power,
with the following R? values for the main endogenous con-
structs: AI=0.241, FID =0.707, PMI = 0.600, POI =0.526, and
PPI=0.418.

4.3 | Research Model Testing

We tested the relationships presented in our model through boot-
strapping. Figure 2 presents the results.

Except for H4, according to which customer expectations would
increase perceived artificial intelligence, all other hypotheses
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TABLE 2 | Evaluation of the model reliability and validity.

Variables Factor loads Ca CR AVE CE CP PMI PPI POI Al FID
Customer expectations (CE) 0.795 0.858 0.549 0.741

CE1 0.671

CE2 0.774

CE3 0.767

CE4 0.743

CE5 0.744

Competitive pressure (CP) 0.852 0.884 0.491 0.701

CPp2 0.731

CP3 0.799

CP4 0.762

CP5 0.653

CP6 0.731

CP7 0.672

CP8 0.660

Perceived marketing innovation (PMI) 0.827 0.868 0.485 0.697
PMI1 0.606

PMI2 0.734

PMI3 0.710

PMI4 0.760

PMI5 0.754

PMI6 0.649

PMI17 0.646

Perceived process innovation (PPI) 0.741 0.827 0.490 0.700
PPI1 0.660

PPI2 0.757

PPI3 0.663

PPI4 0.699

PPI5 0.716

Perceived organizational innovation (POI) 0.769 0.844  0.520 0.721
POI2 0.645

POI3 0.693

PO14 0.671

POI5 0.748

POI6 0.702

Artificial intelligence (AI) 0.906 0.922 0.599 0.774
Al 0.620

A2 0.736

A3 0.803

A4 0.785

A5 0.815

A6 0.779

Firm innovation decision-making (FID) 0.801 0.856 0.498 0.706
FID2 0.711

FID3 0.702

FID4 0.657

FID5 0.675

FID6 0.698

FID7 0.728
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FIGURE2 |
bootstrap iterations.

in the model were supported. Customer expectations raised
perceived marketing innovation (f=0.196), perceived process
innovation (#=0.181), and perceived organizational innova-
tion (#=0.148), but had no significant effect on perceived arti-
ficial intelligence (#=0.034 and p=0.603). Competitive pres-
sure strengthened perceived artificial intelligence (f = 0.448) and
increased perceived marketing innovation (f = 0.629), perceived
process innovation (f=0.510), and perceived organizational
innovation (f = 0.568). Regarding decision-making for green and
sustainable innovation, the effects were positive and significant
for perceived marketing innovation (f = 0.325), perceived process
innovation (8 =0.266), and perceived organizational innovation
(B=0.251).

5 | Discussion and Implications

5.1 | Discussion of Results

This section discusses the main findings of the study in relation to
the research questions and the existing literature. Specifically, the
analysis addresses how external market pressures, particularly
customer expectations and competitive pressure, shape inter-
nal innovation mechanisms and the adoption of artificial intelli-
gence, and how these elements influence firms’ decision-making
toward green innovation. By examining the interplay between
marketing, process, and organizational innovation together with
AT adoption, this study clarifies the mechanisms through which

Innovation Perceived

Marketing
Innovation

Innovation Process

H9+

B=0.325*

Decision-Making
for Green

and Sustainable
Innovation

Organizational
Innovation

p=0.125*

Results of the research model and hypothesis testing via bootstrapping. *p < 0.001. N = 394. Coefficient estimates generated with 10,000

companies translate external sustainability pressures into con-
crete innovation strategies. In doing so, the findings contribute to
understanding how firms can transform market demands for sus-
tainability into competitive advantages through green innovation
practices.

The results confirm the strong relevance of external factors, cus-
tomer expectations, and competitive pressure as stimuli (S) that
significantly shape companies’ internal mechanisms (O), namely
marketing, process, and organizational innovation, as well as the
adoption of artificial intelligence (AI). In line with the S-O-R
theory, these stimuli triggered internal reactions that material-
ize into responses (R) oriented toward green and sustainable
innovation. Organizational innovation also emerges as a criti-
cal enabling mechanism for the successful implementation of
green innovation initiatives. Changes in organizational struc-
tures, managerial practices, and knowledge-sharing processes
can facilitate the integration of sustainability objectives into busi-
ness strategies. Prior research indicates that organizations with
flexible structures and strong learning capabilities are better
able to adapt to environmental challenges and develop innova-
tive solutions that support sustainability goals. Therefore, orga-
nizational innovation can function as a foundational element
that supports the development and diffusion of green innovation
within firms (Hervas-Oliver et al. 2014; Ansari et al. 2026).

This finding reinforces the perspective of the organizational
learning literature, which argues that firms characterized as
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“learning organizations” are more capable of sensing, assimilat-
ing, and applying environmental knowledge, thereby strength-
ening their green innovation performance (Singh et al. 2020).
In this sense, organizational innovation should not be inter-
preted only as structural change, but as a manifestation of
dynamic capabilities that enable firms to continuously reconfig-
ure resources and sustain competitive advantage in turbulent and
sustainability-oriented markets (Bulo et al. 2026).

First, customer expectations emerged as a decisive driver of inter-
nal organizational changes. This finding corroborates prior liter-
ature highlighting consumers’ central role in shaping sustainable
practices (Reppmann et al. 2025; Roxas 2022). However, contrary
to expectations, customer expectations did not have a significant
effect on Al adoption, indicating that client pressure alone is not
sufficient to drive technological integration in green practices.
On the other hand, expectations positively influenced marketing,
process, and organizational innovations, suggesting that compa-
nies respond to environmental demands from customers through
adjustments in these areas.

This result is consistent with evidence from European contexts,
where customer-driven sustainability pressures tend to first influ-
ence visible and market-facing innovations (Haqqgani et al. 2026),
while more complex technological investments, such as AI adop-
tion, are often contingent on strategic considerations and compet-
itive dynamics rather than direct customer demand (Fatima et al.
2026). This helps explain why customer expectations alone may
be insufficient to trigger deeper digital transformation processes
(Gomes et al. 2025).

Second, competitive pressure was also found to activate inter-
nal innovation mechanisms significantly. Its positive effect on
the three types of innovation: marketing, process, and organi-
zational confirms that companies strategically adjust their prac-
tices to maintain or improve their position in competitive mar-
kets (Hafeez et al. 2025; Tian et al. 2023). Moreover, competi-
tive pressure had a significant impact on Al adoption, indicating
that organizations increasingly view Al as a strategic resource for
boosting efficiency, supporting environmental forecasting, and
responding to new market demands.

This finding strongly supports the argument that green innova-
tion is closely linked to competitive advantage (Chen et al. 2024;
Krakowski et al. 2023). Empirical evidence from countries such
as Spain shows that firms engaging in green innovation are
more likely to sustain export performance and international
competitiveness (Martinez-Ros and Merino 2023), while studies
in Germany highlight that green knowledge spillovers enhance
productivity and profitability among SMEs (Bryson et al. 2025).
At the European Union level, collaborative green innovation
networks further reinforce firms’ capacity to innovate and com-
pete globally (Bulo et al. 2026). Together, these findings confirm
that competitive pressure not only triggers innovation but also
directs firms toward environmentally sustainable strategies as
a means of differentiation and market positioning. Third, the
findings show that all internal mechanisms, marketing inno-
vation, process innovation, organizational innovation, and Al
adoption, positively influence decision-making oriented toward
green innovation. This pattern aligns with studies associating
structured internal practices with improved environmental

performance (Chen et al. 2024; Ferreira et al. 2023). Mainly, Al
emerged as a strong antecedent of green decisions, highlighting
that companies recognize its value not merely as a digital tool
but as a key enabler of sustainability, capable of optimizing
resources, supporting strategic decision-making, and enabling
eco-innovative business models.

From a strategic perspective, these results suggest that the com-
bination of technological capabilities, such as AI and organiza-
tional capabilities, such aslearning, coordination, and innovation
practices, creates complementarities that enhance firms’ ability
to generate green innovation (Bulo et al. 2026). This reinforces
the idea that competitive advantage in sustainability contexts is
not derived from isolated investments, but from the integration
of multiple innovation dimensions within the firm (Fatima et al.
2026).

Overall, the results reveal a transparent chain of influence,
external stimuli, internal innovative mechanisms, and sustain-
able decision-making, validating the robustness of the S-O-R
model in explaining green innovation dynamics in Portugal. Fur-
thermore, by analyzing the perceptions of workers and con-
sumers with professional experience, this study provides con-
textual depth and captures the practical realities of sustain-
able innovation in Portuguese companies. Overall, the find-
ings reinforce the idea that green innovation can serve as a
source of competitive advantage for firms operating in increas-
ingly sustainability-oriented markets. Companies that effectively
respond to external pressures by adopting innovative practices
and leveraging digital technologies such as artificial intelligence
are better positioned to improve their environmental perfor-
mance while maintaining market competitiveness. This per-
spective aligns with the growing body of literature empha-
sizing that sustainability-driven innovation can simultaneously
generate environmental and economic value (Martin-Rojas
et al. 2026).

5.2 | Theoretical Implications

This study contributes to the literature by clarifying how external
market pressures are translated into internal innovation mech-
anisms that support green innovation decisions. By integrating
customer expectations, competitive pressure, internal innovation
practices, and artificial intelligence adoption into a single analyt-
ical framework, the research advances the understanding of how
firms respond strategically to sustainability-related demands. In
particular, the findings extend previous studies of Hojnik and
Ruzzier (2016) and Martin-Rojas et al. (2026) on eco-innovation
by demonstrating that the interaction between different types of
innovation, marketing, process, and organization plays a relevant
role in shaping firms’ capacity to pursue environmentally ori-
ented innovation strategies.

Moreover, this study responds directly to recent calls in
JCR-indexed literature for more integrative frameworks that con-
nect external pressures, internal capabilities, and sustainabil-
ity outcomes. By combining these elements within the S-O-R
model, the research contributes to bridging fragmented streams
of literature that have traditionally examined these relationships
in isolation.
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Furthermore, this study contributes to the literature on learn-
ing organizations and sustainable innovation by suggesting that
firms capable of adapting their internal processes and knowl-
edge structures are more likely to transform external pressures
into opportunities for green innovation. This reinforces the argu-
ment that organizational learning and innovation capabilities
are essential for firms seeking to achieve long-term competitive
advantages through sustainability-oriented strategies.

In particular, the findings strengthen the theoretical link
between organizational learning, green innovation, and
competitive advantage (Fatima et al. 2026). Firms that
develop learning-oriented structures characterized by knowl-
edge sharing, cross-functional collaboration, and adaptive
decision-making are better equipped to absorb environmental
knowledge and translate it into green innovation outcomes
(Ansari et al. 2026). This process, in turn, enhances their ability
to achieve sustained competitive advantage, supporting the view
that learning capabilities are a central mechanism connecting
sustainability and firm performance (Lopes et al. 2022; Nogueira
et al. 2023).

This study advances theoretical understanding in three main
ways. First, it reinforces the applicability of the S-O-R model
to corporate sustainability contexts, demonstrating that external
market factors (S) significantly influence internal mechanisms
(O) that guide sustainable innovation responses (R). Although
the model is well established in consumer behavior and mar-
keting research, its integrated application to explain green inno-
vation combined with AI remains limited. This study extends
that boundary by empirically demonstrating how environmental
stimuli are internally interpreted and transformed into sustain-
able decisions.

Additionally, by embedding green innovation within the S-O-R
framework, the study contributes to sustainability research by
showing that environmental strategies are not only reactive
responses to external pressures but are mediated by internal cog-
nitive, organizational, and technological processes. This perspec-
tive aligns with recent theoretical developments emphasizing the
role of micro-foundations and internal capabilities in sustainabil-
ity transitions.

Second, the study integrates internal innovation dimensions
(marketing, process, and organizational) and AI as mediators
within the S-O-R framework. This is theoretically innovative
because it positions Al simultaneously as a technological practice
and an organizational mechanism that strengthens companies’
capacity to respond to external pressures. However, contrary
to expectations, customer expectations did not significantly
influence AI adoption, which represents an important nuance
and suggests that competitive pressure is the primary external
driver for technological integration. This finding adds depth to
theoretical discussions on the digital-sustainability interface.
This result also contributes to the literature by differentiating the
roles of distinct external drivers. While customer expectations
appear to influence more incremental and market-oriented
innovations, competitive pressure emerges as the key driver of
more complex and resource-intensive transformations, such as
Al adoption. This distinction refines existing theories by high-
lighting that not all external pressures exert the same influence

on technological and organizational change. Third, the study
adds empirical evidence to current discussions about the role of
individual perceptions in sustainable innovation research. While
traditional literature focuses mainly on organizational-level
analyses, our findings highlight that workers’ perceptions, which
represent the lived cognitive and emotional states that constitute
the “organism,” are essential for understanding the internal
dynamics preceding sustainable decision-making. This provides
a micro-foundational contribution to corporate sustainability
studies. Finally, by incorporating evidence from the European
context, including insights consistent with findings from Spain,
Germany, and broader EU innovation systems, the study con-
tributes to the geographical diversification of the literature. This
is particularly relevant given that much of the existing research
is concentrated in non-European contexts, thereby reinforc-
ing the importance of regional institutional and competitive
environments in shaping green innovation dynamics.

5.3 | Practical Implications

The results also provide relevant insights for managers and prac-
titioners seeking to promote sustainability-oriented innovation
within their organizations. The findings suggest that firms should
pay close attention to evolving customer expectations and com-
petitive dynamics, as these external pressures can serve as impor-
tant signals guiding the development of internal innovation capa-
bilities. Managers can leverage these signals to redesign organi-
zational processes, invest in digital technologies such as artificial
intelligence, and foster a culture that supports experimentation
and sustainability-oriented innovation.

Moreover, the results indicate that strengthening organiza-
tional innovation practices may facilitate the integration of sus-
tainability objectives into corporate strategies. By encouraging
cross-functional collaboration, knowledge sharing, and contin-
uous learning, firms can enhance their ability to develop and
implement green innovation initiatives that improve both envi-
ronmental performance and market competitiveness.

The findings offer important practical implications for man-
agers, policymakers, and organizations seeking to strengthen
their sustainability strategies. For companies, the results show
that investing in internal innovation mechanisms is an effec-
tive and strategic response to external market stimuli. Market-
ing innovation helps communicate environmental values, attract
new segments, and reinforce a sustainable brand image. Pro-
cess innovation reduces waste, increases efficiency, and lowers
resource and energy costs. Organizational innovation enables
team alignment, structural adjustments, and the creation of a
sustainability-oriented culture. AT adoption proves particularly
critical, but the results indicate that competitive pressure, not
customer expectations, is the main driver for its integration. This
suggests that companies should anticipate market competition
and invest in Al as a strategic resource for sustainability. AI-based
tools support environmental impact assessments, identify oppor-
tunities for energy reduction, optimize supply chains, and fore-
cast environmental risks. Thus, Al becomes a cross-cutting driver
of sustainability. Organizations should not only acquire technol-
ogy but also invest in training and capacity building to maximize
its benefits.
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For policymakers, the findings highlight that public policies
promoting AI adoption, business innovation, and sustainable
practices can empower companies to respond more effectively
to consumer and competitive pressures. Tax incentives, digital
upskilling programs, and investment in technological infrastruc-
ture can accelerate Portugal’s ecological and digital transition.

5.4 | Limitations and Future Lines of Research
Despite the contributions of this study, several limitations should
be acknowledged. First, the empirical analysis relies on a spe-
cific sample, which may limit the generalizability of the findings
to other contexts or industries. Although the sample size is con-
sistent with similar studies in the innovation and sustainability
literature, future research could expand the dataset to include
firms from different sectors or countries in order to validate and
extend the results. Additionally, future studies could explore the
role of other organizational capabilities, such as knowledge man-
agement practices or learning mechanisms, in strengthening the
relationship between external pressures and green innovation
outcomes.

This study presents several limitations that open avenues for
future research. This questionnaire was administered, obtain-
ing 394 valid responses from consumers and workers with pro-
fessional experience in Portuguese companies that incorporate
environmental sustainability and innovation practices. Second,
the cross-sectional design limits the ability to establish tempo-
ral causality. Future studies could adopt longitudinal approaches
to capture how external stimuli and internal innovation mecha-
nisms evolve over time. Third, although the sample is robust, it is
restricted to the Portuguese context, characterized by moderate
levels of digital maturity. Comparative studies across countries
with different technological and regulatory environments could
examine the generalizability of the S-O-R model.

Fourth, despite integrating workers’ perceptions, the study does
not differentiate between organizational hierarchy levels. Future
research could investigate differences between managers, tech-
nical staff, and frontline employees to understand how organiza-
tional structure shapes the interpretation of external stimuli.

Finally, AI was treated as a unidimensional construct. Further
studies could decompose it into more specific categories, such as
predictive Al, automation, data analytics, and energy-efficiency
Al to deepen the understanding of how different forms of Al
influence green innovation.

6 | Conclusion

This study provides an integrated analysis of how external stim-
uli, namely customer expectations and competitive pressure,
are associated with internal innovation mechanisms and, in
turn, with decision-making oriented toward green and sustain-
able innovation in Portuguese companies. Grounded in the
S-0O-R framework, the findings show that external market pres-
sures matter because they increase the need for organizational
adaptation, legitimacy, and competitive positioning, thereby

More specifically, the results indicate that customer expecta-
tions positively influence perceived marketing, process, and orga-
nizational innovation, whereas competitive pressure positively
influences marketing, process, organizational innovation, and
AT adoption. In contrast, customer expectations do not signif-
icantly affect AI adoption. This pattern suggests that external
pressures do not activate all internal mechanisms in the same
way. While customer expectations appear to stimulate orga-
nizational and innovation-related adjustments that are more
directly visible to the market and embedded in routines, AT adop-
tion seems to depend more strongly on competitive dynamics
and the strategic need to enhance efficiency, forecasting, and
responsiveness.

The findings also clarify how internal mechanisms translate
external pressures into green decisions. Marketing innovation,
process innovation, organizational innovation, and AI all posi-
tively influence decision-making for green and sustainable inno-
vation. This means that external pressures are not converted into
green decisions automatically; rather, they are translated through
internal mechanisms that shape how firms communicate envi-
ronmental value, redesign operations, coordinate resources and
people, and process complex information. In this sense, the study
shows that green decision-making is enabled by the firm’s ability
to transform market signals into concrete organizational capabil-
ities and practices.

Among these mechanisms, AI plays a particularly relevant
role, as it emerged as a strong antecedent of green-oriented
decision-making. At the same time, the results underline the
importance of organizational innovation, since sustainable deci-
sions depend not only on technology or market communication,
but also on internal coordination, structures, and routines that
support the development and implementation of green practices.
Therefore, the findings suggest that green innovation should
be understood not merely as an environmental response, but
as the outcome of a structured internal transformation through
which firms interpret and act upon external sustainability-related
demands.

Overall, this study contributes to the literature by showing
that the relationship between external pressures and green
innovation-oriented decision-making is neither simple nor
direct. Instead, it is explained by a chain of influence in which
market stimuli activate distinct internal innovation mechanisms,
and these mechanisms, in turn, support environmentally ori-
ented decisions. By providing evidence from Portugal, the study
also adds contextual insight to current debates on sustainabil-
ity, innovation, and Al in business. In practical terms, the results
suggest that firms seeking more effective green decisions should
not focus exclusively on external pressures themselves, but on
building the internal innovation capabilities through which
those pressures can be translated into meaningful and sustained
action.
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