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Abstract

This study investigates the impact of stakeholder pressure, green innovation (Gl), sustainable performance (SP), and
competitive advantage (CA), with a focus on AI’s moderating role between employee behavior and GI. A quantitative
approach was applied, collecting multi-source data from 357 SMEs in the manufacturing sector. Structural Equation
Modeling (SEM) with SmartPLS assessed variable relationships, while reliability and validity were confirmed using
Cronbach’s alpha and AVE. Findings reveal that normative pressure ( = 0.308, p < 0.01) has the strongest influence on GI
adoption, while supplier pressure (B = 0.083, p < 0.05) has the weakest. Al positively impacts GI (f = 0.190, p < 0.01) and
moderates the effect of employee behavior on GI (f = 0.101, p < 0.01). Additionally, GI enhances SP and CA, with SP
mediating the GI-CA relationship. This study contributes to the literature by highlighting AI’s role in driving GI and
moderating employee behavior’s influence on GI. Practically, it underscores the need for SMEs to consider stakeholder
pressure and strategically integrate Al to foster Gl, enhance SP, and strengthen CA in a rapidly evolving business landscape.
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1. Introduction

The enterprises applying Gl in order to improve processes, technologies, products, and management systems so they
can reduce the negative effects on the environment [1]. This approach helps organizations advance their organizational,
environmental, and social sustainability, ultimately enhancing their sustainable performance [2]. According to Yang, et al.
[3], as societal awareness of environmental performance continues to grow, organizations that align with this trend are likely
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to gain greater CA. Furthermore, the implementation of programs aimed at improving environmental performance not only
helps industries reduce greenhouse gas emissions and hazardous solids [4] but also contributes to enhancing economic and
social efficiency. Therefore, companies can enhance their CA through green process innovation [5]. However, previous
studies have not yet identified the mediating role of effective sustainability between the impact of GI and CA of enterprises
and require further empirical studies to test. In addition, when studying this topic, the current literature on Gl has two trends:
the impact of stakeholders on Gl and the impact of Gl on SP and CA, with few studies using the resource-based stakeholder
view [6, 7]. Therefore, there is a need for empirical studies to bridge this gap.

Research on GI has explored the factors influencing it from both external and internal perspectives. Externally, IP,
particularly from government environmental regulations, has received significant attention [1, 8]. However, institutional
theory-based research has often overlooked other stakeholders—such as customers and competitors—that also drive Gl.
Specifically, customers increasingly prefer eco-friendly products and view environmental responsibility as a key factor in
assessing a company's legitimacy and reputation [9]. Internal factors such as strategic orientation, resources, and
organizational characteristics are key in shaping Gl efforts, while stakeholder pressure drives businesses to enhance
competitiveness through green product innovation [10, 11]. Leadership and employee commitment to sustainability
significantly influence the adoption of sustainable practices, though most studies focus on large firms, with limited research
on stakeholder pressure in SMEs.

Al, a transformative 21st-century technology, boosts performance, efficiency, and innovation in business processes,
offering a competitive edge [12, 13]. Despite its growing importance, research is limited regarding Al's moderating role in
the link between EC and Gl, as well as its influence on SP and CA through GI. Further investigation is needed to clarify these
relationships.

Climate change poses substantial economic risks to Vietnam, with estimated damages of approximately USD 23 billion
annually, or about 5% of the nation’s GDP. Without timely intervention, these damages could escalate to USD 33 billion,
reaching 11% of GDP by 2030. In response to these mounting concerns, manufacturing enterprises in Vietnam are
increasingly focusing on Gl as a strategic approach to mitigate environmental impacts. However, progress in this area remains
limited. Only 5.7% of the country’s 7,646 manufacturing firms have successfully implemented Gl practices. For most
companies, especially SMEs, adopting environmentally sustainable practices remains challenging [14]. However, widespread
adoption faces substantial obstacles, including limited financial resources, inadequate government support [15], and barriers
in enterprise support structures and workforce capabilities [16]. These findings underscore important research gaps,
particularly in examining the drivers and outcomes of GI, especially under the influence of an organization’s Al.

This research makes three key contributions. First, it clarifies the link between stakeholder pressure and Gl, emphasizing
AT’s role in shaping GI outcomes and moderating the impact of employee behavior on GI, SP, and CA. Second, it reduces
ambiguity in the literature by confirming GI’s positive effects on SP and CA, as well as the mediating role of SP between GI
and CA. Third, it adopts a resource-based stakeholder perspective as a theoretical framework to explore the drivers and
outcomes of GI. This study supports sustainable development goals and benefits diverse stakeholders, addressing a notable
research gap in the context of developing economies, such as Vietnam’s manufacturing sector.

Building on the identified theoretical and practical gaps, this study aims to address the following research questions:

Q1: Among stakeholders, which has the strongest influence on GI?
Q2: Does Al act as a moderating factor in the relationship between employee behavior and GI?
Q3: Does SP mediate the relationship between Gl and CA?

The remainder of this paper is structured as follows: Section 2 presents the literature review and hypothesis development.
Section 3 outlines the research methodology, followed by Section 4, which details the analysis and results. Section 5 discusses
key findings, and finally, Section 6 concludes the study.

2. Literature Review and Hypothesis Development

Stakeholder theory addresses two key questions that firms should consider when meeting their stakeholders’ wants:
What is the primary objective of a firm? What obligations do firms hold toward their stakeholders? [17, 18]. Stakeholder
power theory has been explaining the motivation and strategy of a firm’s environmental initiatives [18-20]. In it, stakeholders
are defined as “any group or individual that can affect or be affected by the achievement of a firm’s objectives” [21].
Stakeholder pressure refers to external pressures created by environmental regulations and customer demands, or internal
pressures that come from employees and suppliers [11]; this is reflected in the power and influence of stakeholders on
business decision-making processes. A positive relationship between stakeholder pressure and (GI) was highlighted in the
study by Guoyou, et al. [22]; stakeholder pressure serves as a driving force that motivates firms to adopt green initiatives,
compelling businesses to develop environmentally friendly products [23]. Therefore, this study argues that firms must comply
with stakeholder pressure.

Barney [24] resource-based theory argues that sustainable CA can be achieved through emerging skills or assets that are
highly valued, inimitable, non-substitutable, and non-transferable. Firms face both external and internal pressures to
implement environmentally friendly actions, making the development of Gl capabilities increasingly important [11]. This
compels companies to adopt green technologies, green products, and implement green supply chain management practices
[25]. From the view of the resource-based theory, environmental regulations and GI strategies have driven Gl. These factors
constitute a critical intangible resource that is valuable to enterprises and difficult for other organizations to imitate. Over
time, Gl enables organizations to increase their economic, environmental, and social sustainability while also enhancing their
CA [2]. The environmental performance of the firms that implement Gl based on their resources will be improved [26].
Environmental costs will be offset by entering new markets and increasing resource utilization efficiency, but with a lower
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financial performance [27] as Gl often leads to higher costs [28]. Research highlights uncertainties about whether firms
adopt GI due to internal motivations or external stakeholder pressure [11, 29].

In order to integrate the above two theories, Sodhi [6] introduced a theory called the resource-based stakeholder
perspective, which combines the theory of stakeholder [17] and resource-based [24]. This perspective emphasizes leveraging
resource-based competitive advantage (CA) under stakeholder influence. It serves as a theoretical framework to examine the
drivers and outcomes of green innovation (GI) in enterprises. Despite its potential, research on this topic remains limited [6,
7]. This study aims to understand the impact of stakeholders on GlI, SP, and CA of small and medium-sized enterprises
(SMEs). Notably, prior studies have not clarified the role of mediating performance in linking Gl to corporate CA. While
stakeholder pressure is a key driver of corporate sustainability efforts, the interaction between stakeholder pressure, Gl, and
the moderating effect of Al on EC remains understudied.

According to stakeholder theory, businesses organize their operations according to new norms to satisfy their key
stakeholders. Business managers are interested in understanding internal and external factors to promote Gl implementation,
such as customer requirements or government environmental regulations as the main factors affecting GI; how businesses
can comprehensively address stakeholder concerns to achieve business goals [11]. Gl involves making improvements in
production processes and product design to address environmental impact. The goal of Gl is to minimize the negative effects
on the environment [30]. In addition, stakeholder pressure influences enterprises to adopt Gl activities for the goods and
services they provide in the market. Stakeholder pressure can generally be categorized as legal pressure (LP), normative
pressure (NP), and imitative pressure [31], which are created by the government, customers, and competitors respectively,
along with pressure from employee behavior [32]. Specifically, LP usually comes from the government, NP mainly comes
from customers, while imitative pressure arises from competitors, innovation NP, and employee behavior [32].

2.1. Regulatory Pressure and Green Innovation

Regulatory pressure relates to which regulatory agencies expect to raise environmental performance [33]. Strict policies
are a major driver for firms to engage in environmental protection and pursue green initiatives [8]. Environmental regulations
from the government may require firms to adopt pollution control technologies and reduce environmental impacts [34].
Studies by Li, et al. [35]; Johnstone and Labonne [36] and Kassinis and Vafeas [37] identified RP as a key determinant of
organizations in green product as well as process innovation. The government can introduce mandatory laws or regulations
to guide enterprises toward GI. Testa, et al. [38]point out that enterprises would invest more in GI under regulatory pressure.
In addition, the government supports enterprises’ GI through different forms of support in finance or policy for green research
and development. Darnall et al. [34] pointed out that state management agencies often require enterprises to apply pollution
control technologies and reduce environmental impacts. From the above observations, this study hypothesizes.

Hi: RP has a positive impact on corporate Gl.

2.2. Normative Pressure and Green Innovation

NP or customer pressure can increase firms’ motivation to implement GI [39]. Customer pressure refers to customers
who expect or force firms to enhance their environmental performance. It is considered an important driving force for firms
to adopt GI [40, 41]. Environmentally friendly customers may consider environmental protection a key factor in product
selection [42]. Businesses can meet their expectations and customers' needs by reducing their environmental impact through
innovative processes and green products [43]. Consumers are more inclined to refuse goods from producers who apply
environmentally harmful production practices [18]. Furthermore, they may actively contribute to GI by providing businesses
with support and valuable feedback.

H.: NP has a positive impact on corporate Gl.

2.3. Imitation Pressure and Green Innovation

Competition can be an effective driver for GI. Under pressure from competitors, Gl has become an ideal option for the
sustainable performance of companies. Competitors' implementation of market-oriented environmental management has
motivated business owners to engage in pro-environmental behaviors [29]. Competitors' pro-environmental behaviors put
pressure on businesses to engage in Gl [44]. In response to competition, businesses apply similar technologies, products, or
strategies to those of their competitors and compete by offering a lower price or advantages such as energy savings, which
are favored by customers.

Hs: IP has a positive impact on Gl of enterprises.

2.4. Supplier Pressure and Green Innovation

Suppliers play a critical role in shaping the development and market responsiveness of manufacturers [45], as factors
such as lead time and risks in raw material supply directly affect production costs. A firm’s GI is largely determined by its
"upstream™ environmental effects. This means that the quality, design, and competitiveness of a firm's products can be
significantly influenced by the materials and sourcing practices of its suppliers. Furthermore, suppliers may refuse to provide
materials to companies they consider harmful to the environment [46, 47]. Geffen and Rothenberg [48] point out that
establishing strong connections with suppliers can enhance a firm's Gl and environmental performance. These findings
indicate the significant role of suppliers in driving innovation within organizations. Based on this, Hypothesis 4 is proposed.

Ha: PS has a positive impact on Gl.
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2.5. Employee Conduct and Green Innovation

Huang and Li [47]argued that if a firm’s senior managers clearly understand the position of environmental protection as
well as their responsibility in environmental management planning, it will drive innovation and enhance organizational
performance. However, companies will face challenges in achieving environmental goals without employees’ consensus
[49]. Therefore, it is essential for companies to attract suitable employees, enhance their commitment to environmentally
friendly activities, and provide continuous training on environmental issues. The cited studies demonstrate that businesses
can be motivated to adopt Gl activities under pressure from both management and employees.

Hs: EC has a positive impact on corporate GI.

2.6. Al, Employee Conduct and Green Innovation

Al enhances resource and energy efficiency through advanced analytics and predictive modeling, reducing waste and
making processes more eco-friendly [50, 51]. It significantly impacts green innovation (GI) by accelerating the development
of sustainable technologies, fostering collaboration, and enabling knowledge sharing [52, 53]. Al integration aligns with
market demands and operational challenges, driving green innovations and adding business value while promoting
sustainability [54]. Innovative companies are more likely to adopt green product ideas early, with Al influencing Gl and
shaping employee behavior in Gl activities.

He: Al has a positive impact on firm Gl.

H7: Al positively moderates EC toward Gl activities.

2.7. Green Innovation and Competitive Advantage

CA is defined as the condition in which competitors cannot copy the competitive strategies implemented by a company,
nor can they obtain the benefits that a company achieves through its competitive strategies [55, 56]. Value, scarcity, lack of
imitation, and lack of substitution are resource characteristics of firms that are conducive to innovation and that firms can
exploit to gain CA. Gl increases CA because green product innovation helps firms improve the design, quality, and reliability
of products related to environmental issues, which can provide better opportunities to differentiate their green products,
allowing firms to charge higher prices and generate better profit margins. Therefore, enterprises can enhance their CA through
green process innovation [5]. Gl focuses on products and customers and positively affects the factors that drive competition
[57]. From the above observations, this study hypothesizes.

Hé8: GI has a positive impact on the CA of enterprises.

2.8. Green Innovation and Sustainability Performance

Elkington [58] looks at sustainability as the nexus of economic, environmental, and social factors in the “Triple Bottom
Line model” [59]. All three dimensions have been studied in the organizations selected for the current study, as organizations
cannot establish truly sustainable improvements without these dimensions, which are essential for sustainability. SP is
considered from social, environmental, and economic aspects [2]. Businesses will achieve SP when implementing Gl because
GI reduces adverse environmental impacts while also improving the economic and social performance of organizations by
reducing waste and costs. Gl has a significant impact on SP, including community development and environmental activities
[2, 60]. From the above observations, this study hypothesizes.

Hg: Gl has a positive impact on corporate SP.

2.9. Green Innovation, Sustainable Performance, and Competitive Advantage

According to Asadi, et al. [2], most businesses set their goals primarily based on economic benefits. To achieve this,
businesses must utilize resources effectively, maximize stock value through investor satisfaction, and fulfill their
responsibilities to stakeholders, among other strategies, to increase revenue. Consequently, businesses can create value and
benefits for shareholders and society in a sustainable and long-term manner through the satisfaction and engagement of
stakeholders. Thus, the core value encompasses not only economic benefits but also sustainable development, which is what
positions businesses in the market [2, 25, 61]. Businesses that implement the principles of sustainable development have
achieved breakthrough innovations, improved operations, products, and profits. Green innovation (Gl) assists businesses in
developing and maintaining competitive advantages (CAs), leveraging resources and CAs for superior performance. The
study by Chiou, et al. [25]provided empirical evidence on the implementation of green supply chains and Gl to enhance
environmental performance, thereby aiding businesses in improving their CAs in the global market. Based on this, we propose
the hypotheses:

Hio: SP has a positive impact on the CA of enterprises.

Hi1: Gl has a positive impact on firm CA through the mediating role of SP.

2.10. Al, Employee Conduct, Green Innovation Sustainable Performance, and Competitive Advantage

Al enhances green innovation (GI) and sustainable business development by accelerating research, reducing
experimentation costs, and creating green technologies [52, 62]. Advanced Al algorithms enable real-time environmental
monitoring and compliance with regulations [63, 64], fostering sustainable development and enhancing CA [12]. Al also
promotes collaboration and idea sharing, refining green innovations [53]. However, further research is needed to explore the
impact of EC on SP and CA, with Al as a moderator and green innovation (Gl) as a mediator.

Hio: EC positively impacts SP, moderated by Al and mediated by GI.

His: EC positively impacts CA, moderated by Al and mediated by GI.

1552



International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 1549-1561

From thirteen research hypotheses, the proposed research model includes nine variables (see Figure 1).

Stakeholder Perspectives

Regulatory
pressure

Normative
pressure

Sustainable
performance

Imitation
pressure

Green innovation

Competitive
advantage

Employee
conduct

intelligence

Figure 1.
Research framework.
Note: —3 Direct relationship, ---9 Indirect relationship.

3. Methodology
3.1. Sample and Data Collection

To ensure robust analyses, the research aims to collect between 200 and 250 observations. The surveys were
conducted through intermediaries, specifically the Management Boards of Industrial Parks and the Vietnam Chamber of
Commerce and Industry (VCCI), to facilitate direct surveys and distribute survey links (via Google Docs links sent
through email, Zalo, and Messenger) to managers of SMEs in the manufacturing and processing sector. After two months
(from August 26 to October 26, 2024), 413 responses were collected from SMEs in the manufacturing and processing
sector. After excluding 56 invalid responses, 357 valid responses remained, achieving a response rate of 86.4%. This
sample size exceeds the minimum recommended by Hoyle [65].

3.2. Measurement

The measurement scales in this research were adopted from previous studies (see Appendix) using a 7-point Likert scale
(1 = strongly disagree to 7 = strongly agree). RP, NP, and IP were derived from Zhang and Zhu [50] and Rui and Lu [29]; PS
was measured using a four-item scale adapted from Feng, et al. [66]; we measure “EC” using Lindell and Karagozoglu [67]
and Weng, et al. [11]; “AI” using the scale of Belhadi, et al. [68]and Khan, et al. [69]. GI was measured using the items
developed by Chang [61]. SP was determined regarding the items developed by Asadi, et al. [2]; Chiou, et al. [25]; Li, et al.
[70] and Maletic, et al. [71] for measuring all three dimensions of SP. To assess CA, seven items were developed by Chang
[72] and Utterback and Abernathy [73]. The research designed the questionnaire with two main sections. The first section
consists of 51 questions focusing on nine variables of the model. The second section includes four questions on demographics.
A pilot survey was conducted with 20 managers currently working in SMEs in the manufacturing and processing sector in
Vietnam to ensure that the respondents interpreted the questionnaire consistently.

3.3. Analysis

The data was collected, cleaned, and analyzed using SPSS 26 for descriptive statistical analysis and Smart PLS 4 for
scale validation. The research model and hypotheses were tested through structural equation modeling (SEM) and
bootstrapping analysis. A key distinction from previous studies is the comprehensive structural model analysis, which
examines the moderating role of Al in the relationship between employee behavior and green innovation (Gl), as well as the
mediating role of sustainable performance in linking green innovation to competitive advantage.

4. Results
4.1. Respondent’s Profile

Table 1 provides a breakdown of the demographics of 357 directors from SMEs in Vietnam’s manufacturing sector.
Of these, 75.9% are male and 24.1% are female. The majority fall within the age group of 36-45 years (35.6%), followed
by 25-35 years (29.7%), over 46 years (21.8%), and under 25 years (12.9%). The highest educational level is a bachelor’s
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degree (55.4%), followed by a college diploma (21.3%), master’s degree (12.9%), vocational certificate (8.7%), and
doctoral degree (1.7%). Work experience is primarily between 6 to 10 years (61.1%), followed by over 11 years (27.2%)

and less than 5 years (11.7%).

Table 1.
Demographic characteristics.
Variable Items Frequency Percent (%)
Gender Male 271 75.9
Female 86 24.1
Age Below 25 46 12.9
25-35 106 29.7
36-45 127 35.6
46 or above 78 21.8
Educational Qualification Vocational 31 8.7
College 76 21.3
Bachelor 198 55.4
Master 46 12.9
Doctoral 6 1.7
Experience <5 years 42 11.7
6-10 years 218 61.1
>11 years 97 27.2

4.2. Measurement Model Analysis

According to Bollen [74], Hair, et al. [75] and Fornell and Larcker [76], four observed variables with outer loading
coefficients below 0.7 were excluded: specifically, IP1, CA5, CA6, GI7, SP7, SP8, SP10, and SP13. Table 2 shows the
revised measurement model results. Cronbach's alpha ranged from 0.795 to 0.902, with composite reliability (rho_a and
rho_c) above 0.7 and AVE indices above 0.5 for all variables. These results confirm the reliability and internal consistency

of the research model's scales [77].

Table 2.
Reliability and validity analysis.
Factors Items Outer Cronbach's Composite Composite Average variance
loadings reliability reliability extracted (AVE)
alpha
(rho_a) (rho_c)
Competitive CAl 0.744
advantage CA2 0.794
CA3 0.790 0.853 0.860 0.895 0.630
CA4 0.795
CA7 0.842
Employee EC1 0.803
conduct EC2 0.841
EC3 0.708 0.795 0.808 0.866 0.619
EC4 0.788
Green innovation | GI1 0.746
GI2 0.840
GI3 0.795
Cla 0.718 0.875 0.881 0.906 0.617
GI5 0.796
Gl6 0.812
Artificial All 0.866
intelligence Al2 0.887
Al 0.882 0.892 0.895 0.925 0.755
Al4 0.839
Imitation IP2 0.905
pressure IP3 0.762 0.882 0.901 0.908 0.812
IP4 0.922
Normative NP1 0.806
pressure NP2 0.874
NP3 0875 0.869 0.878 0.910 0.717
NP4 0.830
Pressure  from | PS1 0.858
suppliers PS? 0.719 0.818 0.852 0.880 0.649
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Factors Items Outer Cronbach's Composite Composite Average variance
loadings reliability reliability extracted (AVE)
alpha
(rho_a) (rho_c)
PS3 0.768
PS4 0.869
Regulatory RP1 0.782
pressure RP2 0.805
RP3 0.821 0.819 0.823 0.880 0.648
RP4 0.811
Sustainable SP1 0.764
performance SP2 0.790
SP3 0.800
SP4 0.763
SP5 0.781 0.902 0.911 0.913 0.601
SP6 0.806
SP9 0.724
SP11 0.808
SP12 0.736

The results in Table 3 indicate that the HTMT values for each construct meet these requirements, thereby establishing
the criteria for discriminant validity [78].

Table 3.
HTMT indicators.
Variables CA EC Gl Al IP NP PS RP SP Al X EC
CA
EC 0.533
Gl 0.762 0.673
Al 0.568 0.498 0.621
IP 0.316 0.203 0.359 0.303
NP 0.606 0.514 0.791 0.507 0.356
PS 0.259 0.209 0.246 0.227 0.073 0.201
RP 0.641 0.384 0.725 0.516 0.265 0.676 0.103
SP 0.700 0.537 0.734 0.597 0.336 0.694 0.255 0.681
Al X EC 0.169 0.305 0.054 0.338 0.153 0.059 0.074 0.092 0.092

4.3. Measurement Model Structural

To test the model and research hypotheses, path coefficients (B) for endogenous latent variables, T-Value, P-Value, effect size
(f3), and coefficient of determination (R?) were used. Based on the indices shown in Table 4 and Fig. 2, 9 out of 10 hypotheses
were accepted with P-value < 0.05 and T-Value > 1.65; hypothesis H4 was rejected due to P-value = 0.243 > 0.05, which did not
meet the requirements. This indicates that "RP,"” "NP," "IP," and "EC" each have direct impacts on Gl in manufacturing SMEs (H1,
H2, H3, and HS). Among these factors, "NP" exerts the strongest influence on GI, with = 0.308 (H2), followed by "EC" with a
positive impact coefficient of p = 0.290 (HS), and "RP," which positively affects GI with f =0.259 (H1). Lastly, "IP" demonstrates
a positive effect on GI, with = 0.083 (H3). Moreover, "AI" moderates the relationship between "EC" and "GL," with § = 0.101
(H6), and "AI" directly and positively influences "GL" with B = 0.190 (H7).

Table 4.

Hypotheses testing with direct effect.
Hypotheses Std. Beta Std. Error T-value P-value VIF 2 Supported
H1:RP -> Gl 0.259 0.044 5.933 0.000 1.511 0.176 Yes
H2: NP -> Gl 0.308 0.051 6.035 0.000 1.000 0.228 Yes
H3: IP -> Gl 0.083 0.035 2.339 0.019 1.029 0.059 Yes
H4: PS -> Gl 0.036 0.031 1.168 0.243 1.000 0.006 No
H5: EC -> Gl 0.290 0.042 6.927 0.000 1.591 0.085 Yes
H6: Al x EC -> Gl 0.101 0.028 3.576 0.000 1.179 0.083 Yes
H7: Al -> Gl 0.190 0.048 3.943 0.000 1.748 0.041 Yes
H8: GI -> SP 0.673 0.030 22.750 0.000 1.584 0.507 Yes
H9: Gl -> CA 0.445 0.051 8.722 0.000 1.296 0.136 Yes
H10: SP -> CA 0.332 0.054 6.166 0.000 1.511 0.214 Yes
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The analysis demonstrates that "GI" exerts a direct, significant effect on "SP" (§ = 0.673), supporting H8. Additionally, "GI"
directly and significantly influences "CA" (B = 0.445), aligning with H9. The results further reveal that "SP" has a direct, significant
impact on "CA" (B = 0.332), confirming H10. The VIF for the remaining hypotheses is all less than 5, indicating that
multicollinearity is not present in the research model [75]. The P-values of 0.000 and 0.019 are both below the 0.05 threshold,
indicating statistical significance. Additionally, the T-values for all hypotheses are greater than 1.65, meeting the required criteria.
Regarding the effect size (f2) of exogenous variables on endogenous variables, the obtained values of 0.02, 0.15, and 0.35 represent
small, medium, and large effect sizes, respectively (see Table 4).

4.4. Result of Mediating Effect

Table presents the results when applying Bootstrapping technique with 5,000 resamples, the results show that all three
hypotheses were accepted. Specifically, Al moderates the relationship between EC and SP, with Gl acting as a mediator (8
= 0.169). Al moderates the relationship between EC and CA, with GI as a mediator (B = 0.146); GI influences CA through
the mediating role of SP (B = 0.897). All coefficients are statistically significant (p < 0.05, T-Value > 1.65) and lie within the
confidence intervals, confirming the acceptance of hypotheses H11, H12, and H13.

Table 5.
Confidence Interval for indirect effects.

Hypotheses Std. beta e:crf]gcltrse_aﬁ Tota_l l(;ffect Std. Error | T-value | P-value | Supported
H11: Al X EC -> Gl -> SP 0.101 0.068 0.169 0.014 3.579 0.000 Yes
H12: Al XxEC -> Gl -> CA 0.101 0.045 0.146 0.019 3.296 0.001 Yes
H13: GI-> SP -> CA 0.673 0.224 0.897 0.038 5.851 0.000 Yes

As per Cohen [79] guidelines, R2 values exceeding 0.4 indicate a strong effect, values between 0.25 and 0.4 indicate a
medium effect, and values below 0.1 suggest a weak effect. Figure 2 presents the adjusted coefficient of determination (R?)
values as follows: The adjusted R2 for "GI™ is 0.675, indicating a large effect; the adjusted R2 for "CA" is 0.508, reflecting a
medium effect; and the adjusted R2 for "SP" is 0.454, also indicating a medium effect. This means that the independent
variables—namely, RP, NP, IP, and EC—along with the moderating variable, Al, account for 67.5% of the variance in "GI."
Additionally, "GI" and "SP" together explain 50.8% of the variance in "CA." Finally, "GI" alone explains 45.4% of the
variance in "SP" within Vietnamese SMEs in the manufacturing sector.
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Measurement model.

5. Discussions

This study offers valuable contributions to both theoretical knowledge and managerial practices:

Firstly, it reveals that stakeholder pressure has a direct and significant impact on Gl of SMEs in Vietnam's
manufacturing sector. The findings indicate that as stakeholder pressure intensifies, so do innovation activities. These results
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align with previous research conducted by Weng, et al. [11], Zhang and Zhu [50], Rui and Lu [29], which highlight the role
of stakeholder pressure in driving the implementation of GI. Furthermore, this study extends prior findings by revealing that
various types of stakeholder pressure affect GI outcomes in distinct ways [80, 81]. Notably, the study identifies PS as having
the most significant impact on GI among SMEs in the manufacturing sector in Vietnam. These findings contrast with Weng,
et al. [11] and Rui and Lu [29], who identified imitation and regulatory pressures as the strongest influences, respectively.
In Vietnam’s manufacturing sector, however, customer demand is decisive, as continued purchases depend on firms'
adherence to GI and environmental regulations. Consumer pressure and RP exert distinct influences on green product and
process innovation. Specifically, consumer pressure has been shown to significantly impact green product innovation,
whereas RP is more strongly associated with green process innovation [50]. Additionally, RP plays a crucial role in driving
Gl, as government regulations and environmental policies, along with increasing consumer demand for eco-friendly products
and services, compel entrepreneurs to adopt environmentally sustainable practices [29]. These findings support the assertion
made by Gallego-Alvarez and Ortas [82] that "companies gradually adjust their environmental strategies to better fit the
characteristics of the social and institutional environment." Furthermore, both imitation pressure and EC positively influence
Gl by enhancing the capabilities necessary for implementing green initiatives [11]. Our results show that imitation pressure
has the weakest influence on GlI, contrasting with other research that showed regulatory and NPs as least impactful [11, 29].
In Vietnam, suppliers mainly meet the raw material demands set by manufacturing firms, reducing their capacity to exert
pressure. The findings also reveal that Al positively affects Gl, consistent with the research by Appiah and Essuman [83].
This study highlights Al as a moderator between employee behavior and GIl. Al moderates, while GI mediates, the
relationships between employee behavior and both sustainable development and CA. Al also helps organizations overcome
challenges in adopting new systems, products, and processes. The impact of Al on sustainability depends on how effectively
businesses leverage its potential through innovative processes and new practices. Gl, the adoption of methods and creation
of new products that promote environmental sustainability, plays a pivotal role [52, 60]. Businesses striving toward global
sustainability goals particularly rely on this, making Al an essential tool to help them achieve those objectives [12], thereby
enhancing their competitive advantage. This is a standout contribution of the study, which explores the role of Al in the
relationships between EC, G, SP, and CA, helping to bridge the gap in research on these connections.

Second, the findings of this research indicate that the implementation of Gl enables small and medium-sized enterprises
(SMEs) in the manufacturing sector to attain competitive advantage (CA) and enhance sustainable performance (SP),
particularly within the context of promoting sustainable development [11, 29]. A novel contribution of this study lies in its
ability to clarify existing ambiguities in the literature by validating the benefits of GI on CA and identifying the mediating
role of SP in this relationship. The empirical evidence demonstrates that when companies prioritize sustainable green
practices [11, 50], they can significantly strengthen their competitive position in the market. Furthermore, senior managers
play a pivotal role in fostering Gl by leveraging 10 and allocating resources effectively to achieve sustainable development
goals [29].

Third, our study suggests that SMEs can collaboratively align their GI objectives to achieve CA and enhance SP through
stakeholder pressure. Moreover, these findings contribute to a deeper understanding of the resource-based stakeholder theory
framework within the context of SMEs, illustrating how stakeholder pressure can facilitate CA through Gl and SP [7, 84].

6. Conclusions

This study enhances our understanding of GI adoption in small and medium-sized enterprises (SMESs) within emerging
markets by highlighting several key findings. First, stakeholder pressures significantly drive Gl adoption, with normative
pressure exerting the strongest influence. Second, innovation orientation serves as a critical moderating factor between
employee behavior and Gl outcomes, emphasizing the role of organizational culture in fostering sustainability. Third,
sustainability performance emerges as a key mediator, translating Gl efforts into competitive advantage. These insights
deepen theoretical and practical knowledge on how SMEs can integrate sustainability-driven strategies to enhance their
market position.

6.1. Theoretical and Managerial Implications

This research contributes to both theory and practice in several ways. Theoretically, it integrates stakeholder and
resource-based perspectives in sustainability research, providing a more comprehensive framework for understanding Gl
adoption. Additionally, it clarifies the mechanisms through which SMEs can leverage green practices to gain a competitive
edge. From a managerial standpoint, the findings offer valuable guidance for business leaders and policymakers in emerging
markets.

6.2. Limitations and Future Research Directions

Despite its contributions, this study has limitations. First, its cross-sectional design limits insights into the dynamic
evolution of GI adoption, highlighting the need for longitudinal studies. Second, focusing on SMEs in a single emerging
market may affect generalizability, warranting research across diverse cultural and economic contexts. Lastly, future studies
should explore additional moderating or mediating factors, such as technological capabilities or government incentives, to
deepen the understanding of GI adoption. Addressing these gaps will enhance knowledge on how SMEs can leverage Gl for
sustainable performance and long-term competitiveness.

1557



International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 1549-1561

References

[1] X. Chen, N. Yi, L. Zhang, and D. Li, "Does institutional pressure foster corporate green innovation? Evidence from China's top
100 companies,” Journal of Cleaner Production, vol. 188, pp. 304-311, 2018. https://doi.org/10.1016/j.jclepro.2018.03.257

[2] S. Asadi et al., "Investigating influence of green innovation on sustainability performance: A case on Malaysian hotel industry,"
Journal of Cleaner Production, vol. 258, p. 120860, 2020. https://doi.org/10.1016/j.jclepro.2020.120860

[3] M. G. Yang, P. Hong, and S. B. Modi, "Impact of lean manufacturing and environmental management on business performance:
An empirical study of manufacturing firms," International Journal of Production Economics, vol. 129, no. 2, pp. 251-261, 2011.
https://doi.org/10.1016/j.ijpe.2010.10.017

[4] B. F. Daily, J. W. Bishop, and J. A. Massoud, "The role of training and empowerment in environmental performance,"
International Journal of Operations & Production Management, vol. 32, no. 5, pp. 631-647, 2012.
https://doi.org/10.1108/01443571211226524

[5] Y.-S. Chen, S.-B. Lai, and C.-T. Wen, "The influence of green innovation performance on corporate advantage in Taiwan,"
Journal of Business Ethics, vol. 67, no. 4, pp. 331-339, 2006. https://doi.org/10.1007/s10551-006-9025-5

[6] M. S. Sodhi, "Conceptualizing social responsibility in operations via stakeholder resource-based view," Production and
Operations Management, vol. 24, no. 9, pp. 1375-1389, 2015. https://doi.org/10.1111/poms.12393

[7] S. K. Singh, M. Del Giudice, C. J. Chiappetta Jabbour, H. Latan, and A. S. Sohal, "Stakeholder pressure, green innovation, and
performance in small and medium-sized enterprises: The role of green dynamic capabilities,” Business Strategy and the
Environment, vol. 31, no. 1, pp. 500-514, 2022. https://doi.org/10.1002/bse.2906

[8] P. Berrone, A. Fosfuri, L. Gelabert, and L. R. Gomez-Mejia, "Necessity as the mother of ‘green’ inventions: Institutional
pressures and environmental innovations,” Strategic Management Journal, vol. 34, no. 8, pp. 891-909, 2013.
https://doi.org/10.1002/smj.2041

[9] S. Schaltegger, J. Hérisch, and R. E. Freeman, "Business cases for sustainability: A stakeholder theory perspective,” Organization
& Environment, vol. 32, no. 3, pp. 191-212, 2017. https://doi.org/10.1177/1086026617722882

[10] L. O. Appiah and D. Essuman, "How do firms develop and financially benefit from green product innovation in a developing
country? Roles of innovation orientation and green marketing innovation," Business Strategy and the Environment, vol. 33, no.
7, pp. 7241-7252, 2024. https://doi.org/10.1002/bse.3864

[11] H.-H. Weng, J.-S. Chen, and P.-C. Chen, "Effects of green innovation on environmental and corporate performance: A
stakeholder perspective," Sustainability, vol. 7, p. 4997, 2015. https://doi.org/10.3390/su7054997

[12] M. S. Gazi, M. R. Hasan, N. Gurung, and A. Mitra, "Ethical considerations in ai-driven dynamic pricing in the USA: Balancing
profit maximization with consumer fairness and transparency," Journal of Economics, Finance and Accounting Studies, vol. 6,
no. 2, pp. 100-111, 2024. https://doi.org/10.32996/jefas.2024.6.2.8

[13] R. Nishant, M. Kennedy, and J. Corbett, "Artificial intelligence for sustainability: Challenges, opportunities, and a research
agenda," International Journal of Information Management, vol. 53, p. 102104, 2020.
https://doi.org/10.1016/j.ijinfomgt.2020.102104

[14] MONRE, "Technical report - updated nationally determined contributions 2022," Vietham Ministry of Nature Resources and
Environment, Retrieved: https://monre.gov.vn/. 2022.

[15] Y.-F. Huang, A. Chen, M.-H. Do, and J.-C. Chung, "Assessing the barriers of green innovation implementation: Evidence from
the vietnamese manufacturing sector,” Sustainability, vol. 14, p. 4662, 2022. https://doi.org/10.3390/su14084662

[16] N. Minh Ha, N. Pham, and N. Phung, "Technological factors affecting green innovation: Evidence from the manufacturing sector
in Vietnam," Ho Chi Minh City Open University Journal of Science - Economics and Business Administration, vol. 12, pp. 3-19,
2022. https://doi.org/10.46223/HCMCOUJS.econ.en.12.1.2099.2022

[17] R. E. Freeman, Strategic management: A stakeholder approach. Cambridge University Press, 2010.

[18] J. Frooman, "Stakeholder influence strategies,"” The Academy of Management Review, vol. 24, no. 2, pp. 191-205, 1999.
https://doi.org/10.2307/259074

[19] B. R. Agle and H. J. I. Van Buren, "God and Mammon: The Modern Relationship," Business Ethics Quarterly, vol. 9, pp. 563 -
582, 1999.

[20] R. Mitchell, B. Agle, and D. Wood, "Toward a theory of stakeholder identification and salience: Defining the principle of who
and what really counts," The Academy of Management Review, vol. 22, pp. 853-886, 1997. https://doi.org/10.2307/259247

[21] R. E. Freeman, "The politics of stakeholder theory: Some future directions,” Business Ethics Quarterly, vol. 4, no. 4, pp. 409-
421, 1994. https://doi.org/10.2307/3857340

[22] Q. Guoyou, Z. Saixing, T. Chiming, Y. Haitao, and Z. Hailiang, "Stakeholders' influences on corporate green innovation strategy:
A case study of manufacturing firms in China," Corporate Social Responsibility and Environmental Management, vol. 20, no.
1, pp. 1-14, 2013. https://doi.org/10.1002/csr.283

[23] C. Shu, K. Z. Zhou, Y. Xiao, and S. Gao, "How green management influences product innovation in china: The role of
institutional benefits," Journal of Business Ethics, vol. 133, no. 3, pp. 471-485, 2016. https://doi.org/10.1007/s10551-014-2401-
7

[24] J. B. Barney, "Resource-based theories of competitive advantage: A ten-year retrospective on the resource-based view," Journal
of Management, vol. 27, no. 6, pp. 643-650, 2001. https://doi.org/10.1177/014920630102700602

[25] T.-Y. Chiou, H. K. Chan, F. Lettice, and S. H. Chung, "The influence of greening the suppliers and green innovation on
environmental performance and competitive advantage in Taiwan,” Transportation Research Part E: Logistics and
Transportation Review, vol. 47, no. 6, pp. 822-836, 2011. https://doi.org/10.1016/j.tre.2011.05.016

[26] S. K. Singh, M. D. Giudice, R. Chierici, and D. Graziano, "Green innovation and environmental performance: The role of green
transformational leadership and green human resource management,” Technological Forecasting and Social Change, vol. 150,
p. 119762, 2020. https://doi.org/10.1016/j.techfore.2019.119762

[27] P. Driessen, B. Hillebrand, R. Kok, and T. Verhallen, "Green new product development: The pivotal role of product greenness,"
IEEE Transactions on Engineering Management, vol. 60, pp. 315-326, 2013. https://doi.org/10.1109/TEM.2013.2246792

[28] Y. Liu and L. Chen, "The impact of digital finance on green innovation: Resource effect and information effect," Environmental
Science and Pollution Research, vol. 29, no. 57, pp. 86771-86795, 2022. https://doi.org/10.1007/s11356-022-21802-w

[29] Z. Rui and Y. Lu, "Stakeholder pressure, corporate environmental ethics and green innovation," Asian Journal of Technology

Innovation, vol. 29, pp. 1-17, 2020. https://doi.org/10.1080/19761597.2020.1783563

1558


https://doi.org/10.1016/j.jclepro.2018.03.257
https://doi.org/10.1016/j.jclepro.2020.120860
https://doi.org/10.1016/j.ijpe.2010.10.017
https://doi.org/10.1108/01443571211226524
https://doi.org/10.1007/s10551-006-9025-5
https://doi.org/10.1111/poms.12393
https://doi.org/10.1002/bse.2906
https://doi.org/10.1002/smj.2041
https://doi.org/10.1177/1086026617722882
https://doi.org/10.1002/bse.3864
https://doi.org/10.3390/su7054997
https://doi.org/10.32996/jefas.2024.6.2.8
https://doi.org/10.1016/j.ijinfomgt.2020.102104
https://monre.gov.vn/
https://doi.org/10.3390/su14084662
https://doi.org/10.46223/HCMCOUJS.econ.en.12.1.2099.2022
https://doi.org/10.2307/259074
https://doi.org/10.2307/259247
https://doi.org/10.2307/3857340
https://doi.org/10.1002/csr.283
https://doi.org/10.1007/s10551-014-2401-7
https://doi.org/10.1007/s10551-014-2401-7
https://doi.org/10.1177/014920630102700602
https://doi.org/10.1016/j.tre.2011.05.016
https://doi.org/10.1016/j.techfore.2019.119762
https://doi.org/10.1109/TEM.2013.2246792
https://doi.org/10.1007/s11356-022-21802-w
https://doi.org/10.1080/19761597.2020.1783563

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]
[46]
[47]
(48]

[49]

[50]
[51]

[52]

[53]
[54]
[55]
[56]
[57]
[58]

[59]

International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 1549-1561

R. M. Dangelico and D. Pujari, "Mainstreaming green product innovation: Why and how companies integrate environmental
sustainability," Journal of Business Ethics, vol. 95, no. 3, pp. 471-486, 2010. https://doi.org/10.1007/s10551-010-0434-0

B. Peng, C. Zheng, G. Wei, and E. Elahi, "The cultivation mechanism of green technology innovation in manufacturing industry:
From the perspective of ecological niche,” Journal of Cleaner Production, vol. 252, p. 119711, 2020.
https://doi.org/10.1016/j.jclepro.2019.119711

M. H. Weng and C. Y. Lin, "Determinants of green innovation adoption for small and medium-size enterprises (SMES)," Afr. J.
Bus. Manag., vol. 5, pp. 9154-9163, 09/30 2011.

Y. Qi, H. Luo, S. Zheng, C. Chen, and D. Wang, "Effect of immersion time on the hydrogen content and tensile properties of
A350LF2 steel exposed to hydrogen sulphide environments,” Corrosion Science, vol. 69, pp. 164-174, 2013.
https://doi.org/10.1016/j.corsci.2012.11.038

N. Darnall, G. J. Jolley, and R. Handfield, "Environmental management systems and green supply chain management," Business
Strategy and the Environment, vol. 17, pp. 30-45, 2008. https://doi.org/10.1002/bse.557

H. Li, Y. Li, M. Sarfarz, and I. Ozturk, "Enhancing firms’ green innovation and sustainable performance through the mediating
role of green product innovation and moderating role of employees’ green behavior," Economic Research-Ekonomska
Istrazivanja, vol. 36, no. 2, p. 2142263, 2023. https://doi.org/10.1080/1331677X.2022.2142263

N. Johnstone and J. Labonne, "Why do manufacturing facilities introduce environmental management systems? Improving and/or
signaling performance," Ecological Economics, vol. 68, no. 3, pp.- 719-730, 20009.
https://doi.org/10.1016/j.ecolecon.2008.06.003

G. Kassinis and N. Vafeas, "Stakeholder pressures and environmental performance,” Academy of Management Journal, vol. 49,
pp. 145-159, 2006. https://doi.org/10.5465/AMJ.2006.20785799

F. Testa, F. Iraldo, and M. Frey, "The effect of environmental regulation on firms’ competitive performance: The case of the
building & construction sector in some EU regions," Journal of Environmental Management, vol. 92, no. 9, pp. 2136-2144, 2011.
https://doi.org/10.1016/j.jenvman.2011.03.039

Y .-S. Chen, "The driver of green innovation and green image — green core competence," Journal of Business Ethics, vol. 81, no.
3, pp. 531-543, 2008. https://doi.org/10.1007/s10551-007-9522-1

K. Buysse and A. Verbeke, "Proactive environmental strategies: A stakeholder management perspective,” Strategic Management
Journal, vol. 24, no. 5, pp. 453-470, 2003. https://doi.org/10.1002/smj.299

J. Sarkis, P. Gonzalez-Torre, and B. Adenso-Diaz, "Stakeholder pressure and the adoption of environmental practices: The
mediating effect of ftraining,” Journal of Operations Management, vol. 28, no. 2, pp. 163-176, 2010.
https://doi.org/10.1016/j.jom.2009.10.001

X. He and S. Jiang, "Does gender diversity matter for green innovation?," Business Strategy and the Environment, vol. 28, no.
7, pp. 1341-1356, 2019. https://doi.org/10.1002/bse.2319

G. Albort-Morant, A. Leal-Millan, and G. Cepeda-Carrion, "The antecedents of green innovation performance: A model of
learning and capabilities,” Journal of Business Research, vol. 69, no. 11, pp. 4912-4917, 2016.
https://doi.org/10.1016/].jbusres.2016.04.052

C. Hofer, D. E. Cantor, and J. Dai, "The competitive determinants of a firm's environmental management activities: Evidence
from US manufacturing industries,” Journal of Operations Management, vol. 30, no. 1-2, pp. 69-84, 2012.
https://doi.org/10.1016/j.jom.2011.06.002

G. T. M. Hult and K. Swan, "A research agenda for the nexus of product development and supply chain management processes,"
Journal of Product Innovation Management, vol. 20, pp. 333-336, 2003. https://doi.org/10.1111/1540-5885.00031

D. Pujari, "Eco-innovation and new product development: Understanding the influences on market performance,” Technovation,
vol. 26, no. 1, pp. 76-85, 2006. https://doi.org/10.1016/j.technovation.2004.07.006

J. W. Huang and Y. H. Li, "The mediating effect of knowledge management on social interaction and innovation performance,”
International Journal of Manpower, vol. 30, no. 3, pp. 285-301, 2009. https://doi.org/10.1108/01437720910956772

C. A. Geffen and S. Rothenberg, "Suppliers and environmental innovation," International Journal of Operations & Production
Management, vol. 20, no. 2, pp. 166-186, 2000. https://doi.org/10.1108/01443570010304242

Q. Zhu, J. Sarkis, and K.-h. Lai, "Confirmation of a measurement model for green supply chain management practices
implementation,” International Journal of Production Economics, vol. 111, no. 2, pp. 261-273, 2008.
https://doi.org/10.1016/j.ijpe.2006.11.029

F. Zhang and L. Zhu, "Enhancing corporate sustainable development: Stakeholder pressures, organizational learning, and green
innovation," Business Strategy and the Environment, vol. 28, 2019. https://doi.org/10.1002/bse.2298

S. Chen et al., "Take heed of those you reject: A candidate’s view of employer reputation,”" Journal of Product and Brand
Management, Article vol. 32, no. 2, pp. 305-315, 2023. https://doi.org/10.1108/JPBM-04-2021-3431

Q. Wang, T. Sun, and R. Li, "Does artificial intelligence promote green innovation? An assessment based on direct, indirect,
spillover, and heterogeneity  effects,"” Energy &  Environment, p. 0958305X231220520, 2023.
https://doi.org/10.1177/0958305X231220520

M. Hussain, S. Yang, U. Magsood, and R. M. A. Zahid, "Tapping into the green potential: The power of artificial intelligence
adoption in corporate green innovation drive," Business Strategy and the Environment, 2024. https://doi.org/10.1002/bse.3710
S. McLaughlin, "Dynamic capabilities: taking an emerging technology perspective,” International Journal of Manufacturing
Technology and Management, vol. 31, p. 62, 2017. https://doi.org/10.1504/IIMTM.2017.10002924

J. B. Barney, "Firm Resources and Sustained Competitive Advantage,” Journal of Management, vol. 17, pp. 120 - 99, 1991.

M. E. Porter, Competitive strategy: Techniques for analysing industries and competitors. 1980.

M. A. Sellitto, C. G. Camfield, and S. Buzuku, "Green innovation and competitive advantages in a furniture industrial cluster: A
survey and structural model," Sustainable Production and Consumption, vol. 23, pp. 94-104, 2020/07/01/ 2020.
https://doi.org/10.1016/j.spc.2020.04.007

J. Elkington, "Accounting for the triple bottom line," Measuring Business Excellence, vol. 2, no. 3, pp. 18-22, 1998.
https://doi.org/10.1108/eb025539

S. Asadi, A. R. C. Hussin, and H. M. Dahlan, "Organizational research in the field of Green IT: A systematic literature review
from 2007 to 2016," Telematics and Informatics, vol. 34, no. 7, pp. 1191-1249, 2017. https://doi.org/10.1016/j.tele.2017.05.009

1559


https://doi.org/10.1007/s10551-010-0434-0
https://doi.org/10.1016/j.jclepro.2019.119711
https://doi.org/10.1016/j.corsci.2012.11.038
https://doi.org/10.1002/bse.557
https://doi.org/10.1080/1331677X.2022.2142263
https://doi.org/10.1016/j.ecolecon.2008.06.003
https://doi.org/10.5465/AMJ.2006.20785799
https://doi.org/10.1016/j.jenvman.2011.03.039
https://doi.org/10.1007/s10551-007-9522-1
https://doi.org/10.1002/smj.299
https://doi.org/10.1016/j.jom.2009.10.001
https://doi.org/10.1002/bse.2319
https://doi.org/10.1016/j.jbusres.2016.04.052
https://doi.org/10.1016/j.jom.2011.06.002
https://doi.org/10.1111/1540-5885.00031
https://doi.org/10.1016/j.technovation.2004.07.006
https://doi.org/10.1108/01437720910956772
https://doi.org/10.1108/01443570010304242
https://doi.org/10.1016/j.ijpe.2006.11.029
https://doi.org/10.1002/bse.2298
https://doi.org/10.1108/JPBM-04-2021-3431
https://doi.org/10.1177/0958305X231220520
https://doi.org/10.1002/bse.3710
https://doi.org/10.1504/IJMTM.2017.10002924
https://doi.org/10.1016/j.spc.2020.04.007
https://doi.org/10.1108/eb025539
https://doi.org/10.1016/j.tele.2017.05.009

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
(80]
(81]

(82]

(83]

(84]

Appendix:

International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 1549-1561

S. Ullah, F. U. Khan, and N. Ahmad, "Promoting sustainability through green innovation adoption: A case of manufacturing
industry,”  Environmental Science and Pollution Research, wvol. 29, no. 14, pp. 21119-21139, 2022.
https://doi.org/10.1007/s11356-021-17322-8

C.-H. Chang, "The Influence of Corporate Environmental Ethics on Competitive Advantage: The Mediation Role of Green
Innovation," Journal of Business Ethics - J BUS ETHICS, vol. 104, pp. 1-10, 2011. 10.1007/s10551-011-0914-x

K. Yin, F. Cai, and C. Huang, "How does artificial intelligence development affect green technology innovation in China?
Evidence from dynamic panel data analysis,” Environmental Science and Pollution Research, vol. 30, pp. 1-25, 2022.
https://doi.org/10.1007/s11356-022-24088-0

D. Chen, J. Esperanca, and S. Wang, "The impact of artificial intelligence on firm performance: An application of the resource-
based view to e-commerce firms," Frontiers in Psychology, vol. 13, 2022. https://doi.org/10.3389/fpsyg.2022.884830

J. Zywiotek, E. Tucmeanu, A. I. Tucmeanu, I. Nicoleta, and Z. Yousaf, "Nexus of transformational leadership, employee
adaptiveness, knowledge sharing, and employee creativity," Sustainability, wvol. 14, p. 11607, 2022.
https://doi.org/10.3390/su141811607

R. H. Hoyle, "The structural equation modeling approach: Basic concepts and fundamental issues,” in Structural equation
modeling: Concepts, issues, and applications. Thousand Oaks, CA, US: Sage Publications, Inc, 1995, pp. 1-15.

T. Feng, L. Sun, and Y. Zhang, "The effects of customer and supplier involvement on competitive advantage: An empirical study
in China," Industrial Marketing Management, vol. 39, no. 8, pp- 1384-1394, 2010.
https://doi.org/10.1016/j.indmarman.2010.04.006

M. Lindell and N. Karagozoglu, "Corporate environmental behaviour — a comparison between Nordic and US firms," Business
Strategy and the Environment, vol. 10, no. 1, pp. 38-52, 2001. https://doi.org/10.1002/1099-0836(200101/02)10:1<38::AID-
BSE269>3.0.CO;2-C

A. Belhadi, V. Mani, S. S. Kamble, S. A. R. Khan, and S. Verma, "Artificial intelligence-driven innovation for enhancing supply
chain resilience and performance under the effect of supply chain dynamism: An empirical investigation,”" Annals of Operations
Research, vol. 333, no. 2, pp. 627-652, 2024. https://doi.org/10.1007/s10479-021-03956-x

A. N. Khan, K. Mehmood, and H. K. Kwan, "Green knowledge management: A key driver of green technology innovation and
sustainable performance in the construction organizations," Journal of Innovation & Knowledge, vol. 9, no. 1, p. 100455, 2024.
https://doi.org/10.1016/}.jik.2023.100455

Z. Li, Q. P. Shen Geoffrey, C. Ji, and J. Hong, "Stakeholder-based analysis of drivers and constraints in the use of off-site
construction,” in ICCREM 2014, (Proceedings, 2014, pp. 26-36.

M. Maleti¢, D. Maleti¢, J. Dahlgaard, S. Dahlgaard-Park, and B. Gomiscek, "Effect of sustainability-oriented innovation practices
on the overall organizational performance: An empirical examination," Total Quality Management & Business Excellence, 2015.
https://doi.org/10.1080/14783363.2015.1064767

C.-H. Chang, "The influence of corporate environmental ethics on competitive advantage: The mediation role of green
innovation," Journal of Business Ethics, vol. 104, pp. 1-10, 2011. https://doi.org/10.1007/s10551-011-0914-x

J. M. Utterback and W. J. Abernathy, "A dynamic model of process and product innovation," Omega, vol. 3, no. 6, pp. 639-656,
1975. https://doi.org/10.1016/0305-0483(75)90068-7

K. A. Bollen, "Multiple indicators: Internal consistency or no necessary relationship?," Quality and Quantity, vol. 18, no. 4, pp.
377-385, 1984. https://doi.org/10.1007/BF00227593

J. Hair, G. T. M. Hult, C. Ringle, M. Sarstedt, N. Danks, and S. Ray, Partial least squares structural equation modeling (PLS-
SEM) using R: A workbook. 2021.

C. Fornell and D. F. Larcker, "Evaluating structural equation models with unobservable variables and measurement error,"
Journal of Marketing Research, vol. 18, no. 1, pp. 39-50, 1981. https://doi.org/10.2307/3151312

J. Hair, G. T. M. Hult, C. Ringle, and M. Sarstedt, A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM),
2nd edition. 2016.

R. B. Kline and T. D. Little, "Principles and practice of structural equation modeling, fourth edition,” 2015.

J. Cohen, Statistical power analysis for the behavioral sciences, 2nd ed ed. Hillsdale, NJ: Lawrence Erlbaum Associates, 1988.
G. Gal and O. Akisik, "The impact of internal control, external assurance, and integrated reports on market value," Corporate
Social Responsibility and Environmental Management, vol. 27, pp. 1227-1240, 2020. https://doi.org/10.1002/csr.1878

H. C. B. Lee, J. M. Cruz, and R. Shankar, "Corporate social responsibility (CSR) issues in supply chain competition: Should
greenwashing be regulated?," Decision Sciences, vol. 49, no. 6, pp. 1088-1115, 2018. https://doi.org/10.1111/deci.12307

P. I. Gallego-Alvarez and P. E. Ortas, "Corporate environmental sustainability reporting in the context of national cultures: A
quantile  regression approach,” International Business Review, vol. 26, no. 2, pp. 337-353, 2017.
https://doi.org/10.1016/j.ibusrev.2016.09.003

L. O. Appiah and D. Essuman, "How do firms develop and financially benefit from green product innovation in a developing
country? Roles of innovation orientation and green marketing innovation," Business Strategy and the Environment, 2024.

M. S. Sodhi and C. S. Tang, "Research opportunities in supply chain transparency," Production and Operations Management,
vol. 28, no. 12, pp. 2946-2959, 2019. https://doi.org/10.1111/poms.13115

Variables and measurement scales.

Code

| Items | Source

Competitive advantage

The quality of the products or services that the company offers is better than that of the

CAl o .

competitor's products or services
CA2 The company is more capable of R&D than the competitors Chang [72] and
CA3 The company has better managerial capability than the competitors Utterback and
CA4 The company's profitability is better Abernathy [73]
CA5 The corporate image of the company is better than that of the competitors
CAb6 Competitors are difficult to take the place of the company's competitive advantage
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Code Items Source
CA7 The quality of the products or services that the company offers is better than that of the
competitor's products or services
Employee conduct
EC1 Degree of pro-activeness Lindell and
EC2 Redesigning production systems Karagozoglu [67] and
EC3 Product design decisions Weng, etal. [11]
EC4 Employees’ environmental education and training

Green innovation

The company chooses the materials of the product that produce the least amount of pollution for

Gl conducting the product development or design
GI2 The company uses _the least amount of materials to comprise the product for conducting product | Chang  [72]  and
development or design. Utterback and
GI3 The company would c_ircumspectly deliberate whether the product is easy to recycle, reuse | Abernathy [73]
decompose for conducting the product development
Gl4 The company would c_ircumspectly delib_erate whether the product is easy to recycle, reuse
decompose for conducting the product design
GI5 The manufacturing process of the company effectively reduces the emission of hazardous
substances or waste
Gl6 The manufacturing process of the company reduces the consumption of water, electricity, coal,
or oil
Artificial intelligence
All We possess the infrastructure and skilled resources to apply Al information processing system
Al2 We use Al techniques to forecast and predict environmental behavior Belhadi, et al. [68]
Al3 We develop statistical, self-learning, and prediction using Al techniques and Khan, et al. [69]
Al4 We use Al outcomes in a shared way to inform decision-making
Imitation pressure
1P2 Most of our competitors think green products are important to society
- - - — Zhang and Zhu [50]
1P3 Most of our competitors regard environmental performance as an important indicator to compare and Rui and Lu [29]
with other enterprises
IP4 Most of our competitors are very concerned about environmental responsibility

Normative pressure

NP1 Most customers are very environmentally conscious when choosing products

NP2 Most customers think green products are important to the whole society

NP3 Most customers re_gard environmental performance as an important indicator to evaluate their
company’s reputation

NP4 Most customers are very concerned about enterprises’ environmental practices

Zhang and Zhu [50]
and Rui and Lu [29]

Pressure from suppliers

PS1 We involve key suppliers in the product design and development stage.

PS2 Our key suppliers have a major influence on the design of new products.

PS3 There is a strong consensus in our firm that supplier involvement is needed in product
design/development.

PS4 We have continuous improvement programs that include our key suppliers.

Feng, et al. [66]

Regulatory pressure

RP1 Local governments have made environmental protection one of their top priorities
RP2 Local governments believe that environmental protection is important to the whole society
— - Zhang and Zhu [50]
RP3 Local governments are very concerned about enterprises’ environmental practices and Rui and Lu [29]
RP4 Local governments regard environmental performance as an important indicator to evaluate the
reputation of enterprises
Sustainable performance
SP1 Company has achieved important environment-related certifications
Sp2 On average, the overall environmental performance of our company has improved over the past
five years. .
SP3 The resource consumption e.g. water, electricity, and gas has decreased é‘ﬁ?d" ft | a;'s [i]
SP4 Improvement of environmental compliance iou, et al. [25]; Li,
- - - - - — - et al. [70] and
SPS Complying with environmental regulations (i.e., emissions, waste disposal) .
- Maletic, et al. [71]
SP6 Decrease of cost for energy consumption
SP9 Decrease of penalty costs for environmental accident.
SP11 The customers’ motivation has increased during the last 3 years
SP12 Our industry serving more beneficiaries (disadvantaged people) or solving environmental issues
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