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Abstract

The present study aimed to evaluate the antecedents and outcomes of Environmental Management Accounting (EMA) implementation,
and to assess the mediating roles of EMA in the relationships between EUTY and OPRF, ESGY and OPRF, and ESTY and OPRF. It
further aimed to analyse the moderating effect of TMC on the relationship between EMA implementation and OPRF. The current study
was conducted among small and medium manufacturing enterprises (SMEs) in Oman, using a survey of 383 managers. Results from
structural equation modelling revealed that EUTY , ESGY, and ESTY are positive predictors of EMA implementation in manufacturing
SMEs in Oman. Furthermore, it was found that EMA implementation significantly mediated the relationships among EUTY and OPRF,
ESGY and OPRF, and ESTY and OPRF. Results further confirmed that TMC serves as a significant and positive catalyst for the relation-
ship between EMA implementation and OPRF. The currently studied rare, mediated-moderated conceptual model to evaluate the
antecedents and outcomes of EMA implementation makes the current study rare of its kind, contributing to the literature on EMA imple-
mentation, sustainability, and the resource-based view.

Keywords: Environmental Management Accounting (EMA),; Environmental Uncertainty (EUTY); Environmental Safety (ESTY),; Environmental Strategy
(ESGY); Organisational Performance (OPRF),; Top Management Control (TMC).

1. Introduction

The emerging awareness of climate change, the depletion of natural resources, and environmental degradation has made it necessary for
businesses to adopt sustainable practices to address these issues (Appiah-Kubi et al., 2025; Rasheed et al., 2025; Ullah et al., 2024). These
growing environmental challenges have led businesses to place a sharp focus not only on their financial performance but also on their
environmental and social performance. It has led to the increased significance of the idea of triple bottom line (TBL), which suggests that
an organisation should ensure that it is monitoring and improving its performance in financial, social, and environmental terms instead of
enhancing financial performance only (Marzouk & El Ebrashi, 2024; Mat Yusoh et al., 2023). It is because mere focus on financial perfor-
mance is now insufficient in the contemporary business world to meet sustainability and performance standards. That is why many con-
temporary organisations seek to incorporate various sustainable practices to support their performance from TBL perspectives. Alqassabi
(2020) suggests that the challenge of maintaining sustainable performance is particularly pertinent in the manufacturing sector, as environ-
mental concerns and regulations significantly shape companies’ ability to remain profitable.

The manufacturing sector in Oman is not exempt from this sustainability challenge. Given the rapid industrialisation of the Sultanate of
Oman in the past few decades and the crucial role of the manufacturing sector in this, a pressing need arises to closely monitor the carbon
footprint and sustainability challenges in its manufacturing sector (Gulvady & Jyotirmayee, 2023; Ibrahim et al., 2024; Sulaiman, 2025).
According to Al Balushi and Elgeddawy (2025), small and medium enterprises (SMEs) in Oman face various environmental challenges
that can significantly influence their growth and sustainability. Siyabi and Hakro (2020) suggest that Oman is home to thousands of man-
ufacturing SMEs, which account for a significant share of the country’s economic growth. It means that the sustainable growth of these
SMEs can ultimately drive the country’s sustainable development. However, SMEs in Oman face formidable challenges such as limited
access to finance, a lack of proper ESGY, technological backwardness, and other limitations, which often result in the implementation of
unsustainable practices that can hinder their sustainable performance (Gulvady & Jyotirmayee, 2023; Ibrahim et al., 2024; Siyabi & Hakro,
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2020). Therefore, there is a real-time need to adopt various sustainable initiatives and practices in manufacturing businesses to minimise
their environmental impacts and better cope with these challenges, thereby achieving the goal of sustainable performance.

Implementing EMA (EMA) is considered a great way to minimise environmental impacts and enhance the TBL performance of business
by multiple previous researchers, However, Kadir et al. (2025) suggest that despite the crucial contribution of EMA towards sustainable
development emphasised by researchers worldwide, implementing EMA in Oman’s manufacturing sector remains underexplored, mainly
in academic discourse. There is very little empirical evidence on how different factors can drive EMA implementation and how EMA
implementation can contribute to the sustainability performance of businesses in Oman (Kadir et al., 2025). Furthermore, prior researchers
investigating predictors of EMA or its outcomes in Omani manufacturing firms rarely presented a combined model that captures both
aspects of EMA implementation in a single study. Therefore, there is a need to empirically investigate the predictors of EMA implemen-
tation in Oman’s manufacturing sector and the effect of this implementation on TBL performance, to provide a holistic view of the predic-
tors and outcomes of EMA implementation in manufacturing SMEs in Oman.

EMA has emerged as a tool to balance economic efficiency with environmental responsibility by monitoring, assessing, and informing
organisations’ resource use and environmental performance. In this way, EMA serves as the organisation’s unique competence, supporting
its performance and growth. According to the resource-based view (RBV), a business’s unique, non-imitable resources enable it to build
sustainable competitive advantage and grow. Building on this view, several researchers have argued that EMA implementation serves as a
rare and exclusive resource for businesses, enabling them to enhance their performance in economic and environmental terms (Appannan
et al., 2023; Appannan et al., 2020; Rasit et al.). However, prior studies have insufficiently explained EMA in terms of RBV and its role in
determining an organisation’s TBL performance, particularly in the context of SMEs in Oman. An important factor that helps the organi-
sation realise the benefits of its EMA implementation in terms of OPRF is TMC (TMC), as various researchers have advocated its favour-
able role in enhancing OPRF. However, none of them empirically assessed how the presence of TMC can influence the relationship between
EMA and the OPRF of manufacturing SMEs in Oman (Amir et al., 2025; Khan et al., 2025).

Given the gap identified in the literature regarding EMA implementation, the current study seeks to evaluate different predictors of EMA
and the contribution of EMA to TBL OPRF. Furthermore, it aims to assess the mediating role of EMA implementation in the relationship
between EMA predictors (such as EUTY, ESTY, and ESGY) and the OPRF of manufacturing SMEs in Oman. By evaluating the moder-
ating effect of TMC on the relationship between EMA implementation and OPRF in manufacturing SMEs in Oman, the current study seeks
to examine how higher TMC can enable them to translate EMA implementation into improved TBL performance. By fulfilling its aim, the
present study will address a noticeable gap in the literature by examining EMA implementation in Oman’s unique socio-economic land-
scape, using a mediated-moderated model. Being one of the pioneer studies investigating and combining the predictors and outcomes of
EMA implementation in a single conceptual model in the context of Omani SMEs, analysing the mediating role of EMA implementation
between those antecedents and OPRF, and assessing the TMC as the catalyst between EMA implementation and OPRF of Omani manu-
facturing SME:s for the first time makes the current study unique. It will add to the empirical literature on RBV, EMA implementation, and
sustainability while helping strategy makers in Oman’s SMEs understand how they can achieve their sustainability goals by capitalising
on their ESGY, ESTY, EUTY, TMC, and, in turn, EMA implementation. The remainder of this paper comprises a review of relevant
literature, a description of the methodology used for the current study, the results produced by the researcher, a discussion of those results,
and a conclusion of the study, while addressing its implications and limitations (Kadir et al., 2024; Javed et al 2025).

2. Literature Review

EMA refers to the accounting system that helps businesses trace environmental costs and make informed decisions based on accounting
information, thereby reducing their environmental impacts (Kadir et al., 2024, 2025; Noor & Bano, 2024). Researchers argue that busi-
nesses can identify opportunities to minimise their footprints and enhance performance by leveraging EMA, which offers a more sophisti-
cated approach to environmental monitoring and enables them to embrace proactive sustainability initiatives. (Alnaim & Metwally, 2024;
Amir et al., 2024; Ni et al., 2023). This study draws on RBV, which emphasises that businesses should leverage their unique, non-imitable
resources to build sustainable competitive advantage and succeed in the business world. Building on this view, several researchers have
regarded EMA implementation as a unique and rare resource for businesses to enhance performance and sustainable growth (Appannan et
al., 2023; Appannan et al., 2020; Rasit et al.). The current study considers a TBL perspective on OPRF, according to which the business
should grow on financial, social, and environmental terms rather than solely on economic performance (Marzouk & El Ebrashi, 2024; Mat
Yusoh et al., 2023). Drawing on the literature, the current study considers three predictors of EMA implementation: EUTY, ESGY, and
ESTY.

2.1. EUTY and EMA implementation

An important antecedent of EMA implementation identified by several researchers is EUTY. Darvishmotevali et al. (2020) define EUTY
as the degree of unpredictability in the external business environment, driven by factors such as technological disruption, fluctuations in
customer demand, economic trends, regulatory changes, and competition. Researchers argue that these uncertainties push businesses to
adopt EMA, thereby enabling them to become better able and more proactive in coping with them. For instance, Kong et al. (2022) suggest
that EMA offers data-driven insights that help businesses navigate the fluctuating environmental landscape and better prepare for future
challenges. Researchers suggest that the modern contemporary business world is troubled with a lot of uncertainties related to environmen-
tal shifts, such as regulatory changes, demand fluctuation, climate change, etc., making it necessary for businesses to adopt sustainable
initiatives such as EMA (Gunarathne et al., 2023; Nguyen et al., 2023; Ni et al., 2023). Higher EUTY pushes businesses to make informed,
proactive decisions to better cope with it. It is possible through the practical application of EMA, which enables the organisation to predict
uncertainties and make effective decisions to address them promptly. Latan et al. (2018) examined how EUTY, ecological strategies, and
managerial commitment can drive EMA practices. They suggested that environmental uncertainties positively drive businesses to adopt
EMA. Appiah et al. (2020) also suggest that environmental uncertainties push organisations to adopt EMA, as it can allow them to pioneer
forward-looking strategies that cushion the organisation against potential environmental adversities and unlock opportunities for sustaina-
ble advancement and operational efficiency. However, the nexus between EUTY and EMA implementation remains underempirically
validated, especially in the context of manufacturing SMEs in Oman (Javed & Al-Mulali 2025; Rafique et al., 2025). Therefore, the current
study hypothesises that:

H1: EUTY significantly positively affects EMA implementation.
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2.2. ESGY and EMA implementation

ESGY is the strategy an organisation uses to address environmental challenges and exploit environmental opportunities, providing a
roadmap for achieving organisational goals (Kraus et al., 2020). According to researchers, an effective organisational strategy encompasses
both financial and environmental components (Faraz et al., 2024; Pondeville et al., 2013; Thanh Thuy Ngoc, 2025). According to Thanh
Thuy Ngoc (2025), an ESGY serves as a compass that guides an organisation in navigating its environmental responsibilities and ambitions.
Faraz et al. (2024) suggest that an effective ESGY promotes green behaviour in the organisation and leads to the application of sustainable
initiatives like EMA. Gunarathne et al. (2023) also discussed the crucial role of ESGY within the organisation, emphasising that a proactive
ESGY enables the organisation to implement EMA to encapsulate and enhance multiplicity in addressing more advanced environmental
management initiatives. Another study by Mayndarto and Murwaningsari (2021) examined ESGY and EMA implementation in a model
and demonstrated considerable interactions between them. However, they did not address the direct impact of ESGY on EMA implemen-
tation. The literature does not provide any further empirical evidence on how the ESGY can lead organisations to implement EMA, espe-
cially among manufacturing SMEs in Oman (Ariffin al., 2024; Javed et al., 2024;Javed & Husain, 2024). Therefore, the study hypothesises:
H2: ESGY significantly positively affects EMA implementation.

2.3. ESTY and EMA implementation

Another antecedent that pushes organisations to implement EMA and realise its benefits is ESTY. ESTY refers to the organisation’s ap-
plication of safety guidelines and procedures to address potential environmental hazards (Islam & Rahman, 2022). SAN and HENG (2018)
suggest that EMA can significantly help an organisation anticipate and proactively address potential environmental hazards. Ensuring
ESTY for the organisation requires that business operations and processes be environmentally friendly and that the organisation minimise
its carbon footprint. The increased concern for ESTY leads the organisation to prudent resource management to reduce the risk of environ-
mental degradation. In this regard, EMA serves as a strategic tool to identify and quantify potential environmental hazards associated with
the business’s activities and to offer data-based insights to guide the organisation’s strategic decision-making to minimise adverse envi-
ronmental impacts. Therefore, it is argued here that safety-focused organisations are more likely to implement EMA, as it enables them to
address their ESTY-related concerns. However, the literature appears almost silent on the empirical validation of ESTY's role in determin-
ing EMA implementation. Therefore, this gap in the literature needs to be shortened by evaluating this nexus:

H3: ESTY concerns significantly positively affect EMA implementation.

2.4. EMA implementation and OPRF

Drawing on the RBV, it is argued that EMA is a unique organisational competence, enabling it to make informed decisions and enhance
its sustainable competitive advantage. EMA helps businesses make informed decisions by acquiring and assimilating valid environmental
data. Researchers argue that data-based insights from EMA enable businesses to develop effective strategies to minimise waste, use re-
sources efficiently, reduce environmental impacts, and enhance performance across various aspects (Sari et al., 2021; Solovida & Latan,
2021). A study by Ratanasongtham et al. (2018) of Thai companies found that EMA increases the likelihood of firm survival and growth.
Similarly, Thanh Thuy Ngoc (2025) declared that EMA led Vietnamese firms to achieve sustainability by improving their performance in
economic, social, and environmental terms. The study by Amir et al. (2024) on Omani firms also confirmed the positive contribution of
EMA implementation to organisational sustainability. Various researchers have also advocated the positive role of EMA implementation
in determining OPRF. (Gerged et al., 2024; Gunarathne et al., 2021; Jermsittiparsert et al., 2020; Mayndarto & Murwaningsari, 2021).
However, a few of them adopted the TBL perspective on OPRF and focused their research on only one or two types of performance.
Therefore, there is a need to enhance empirical evidence on how EMA implementation affects overall OPRF, including economic, social,
and environmental performance. The current study hypothesises that:

H4: EMA implementation significantly positively influences the OPRF.

2.5. Role of EMA implementation between EUTY and EMA implementation

Combining the reviews of studies in sections 2.1 and 2.4, it can be argued that EMA implementation mediates the relationship between
EUTY and OPRF. Different studies in section 2.1 have indicated that EUTY has the potential to lead businesses to adopt EMA in order to
better cope with high environmental uncertainties, such as Kong et al. (2022), Gunarathne et al. (2023), Latan et al. (2018), Appiah et al.
(2020), and Nguyen et al. (2023). EMA enables businesses to pinpoint more effectively, realise cost efficiencies, and guide proactive
environmental decision-making that ultimately helps them address potential environmental instabilities pre-emptively. Previous studies
have advocated the positive role of EMA implementation in improving OPRF, Ratanasongtham et al. (2018), Thanh Thuy Ngoc (2025),
and Amir et al. (2024). Similarly, many other researchers supported the viewpoint that EMA implementation helps businesses enhance
their performance (Gerged et al., 2024; Gunarathne et al., 2021; Jermsittiparsert et al., 2020; Mayndarto & Murwaningsari, 2021). However,
none of them evaluated how EMA implementation mediates the relationship between EUTY and OPRF, thereby leaving a gap in the
literature. The current study seeks to shorten this gap by hypothesising:

H5: EMA implementation significantly mediates the relationship between EUTY and OPRF.

2.6. Role of EMA implementation between ESGY and EMA implementation

Combining the reviews of studies in sections 2.2 and 2.4, it can be argued that EMA implementation mediates the relationship between
ESGY and OPREF. Different studies in section 2.2 have indicated that ESGY can lead businesses to adopt EMA, as firms with an environ-
ment-focused strategy seem more willing to adopt eco-friendly initiatives and practices such as EMA. Studies such as Thanh Thuy Ngoc
(2025), Faraz et al. (2024), Gunarathne et al. (2023), Mayndarto and Murwaningsari (2021), and Pondeville et al. (2013) provide grounds
for arguing that the business’s ESGY increases the likelihood of adopting EMA practices. EMA, in turn, allows businesses to combine
environmental data with financial metrics, pinpoint and leverage cost efficiencies, and guide them in formulating proactive environmental
decisions to enhance environmental efficiency. Previous studies have advocated the positive role of EMA implementation in improving
OPRF ,Ratanasongtham et al. (2018), Thanh Thuy Ngoc (2025), and Amir et al. (2024). Similarly, many other researchers also supported
the viewpoint that EMA implementation helps businesses monitor, assess, and enhance their performance (Gerged et al., 2024; Gunarathne
etal., 2021; Jermsittiparsert et al., 2020; Mayndarto & Murwaningsari, 2021). However, none of them evaluated how EMA implementation
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mediates the relationship between ESGY and OPRF, thus leaving a gap in the literature. The current study seeks to shorten this gap by
hypothesising:
Ho6: EMA implementation significantly mediates the relationship between ESGY and OPRF.

2.7. Role of EMA implementation between ESTY and EMA implementation

Combining the reviews of studies in sections 2.3 and 2.4, it can be argued that EMA implementation mediates the relationship between
ESTY and OPREF. Different studies in section 2.3 have indicated that ESTY concern has the potential to lead businesses to adopt EMA, as
firms with safety concerns are more likely to implement eco-friendly initiatives and practices like EMA that allow them to better cope with
environmental hazards by identifying and quantifying those potential environmental hazards associated with the activities of the business
and offer data-based insights Islam and Rahman (2022) and SAN and HENG (2018). However, the literature provides no further explana-
tion of this nexus. EMA, in turn, enables businesses to combine environmental data with financial metrics and make informed decisions to
address environmental risks arising from their activities and to cover the costs of ESTY, thereby promoting a conscientious approach to
both environmental and fiscal responsibilities (Javed & Husain, 2024; Javed, 2023). It helps firms enhance their performance from a TBL
perspective. Previous studies have advocated the positive role of EMA implementation in improving OPRF, Ratanasongtham et al. (2018),
Thanh Thuy Ngoc (2025), and Amir et al. (2024). Similarly, many other researchers also supported the viewpoint that EMA implementation
helps businesses monitor, assess, and enhance their performance (Gerged et al., 2024; Gunarathne et al., 2021; Jermsittiparsert et al., 2020;
Mayndarto & Murwaningsari, 2021). However, none of them evaluated how EMA implementation mediates the relationship between
ESTY and OPREF, thus leaving a gap in the literature. The current study seeks to shorten this gap by hypothesizing:

H7: EMA implementation significantly mediates the relationship between ESTY and OPRF.

2.8. Role of TMC

TMC refers to the degree of commitment of an organisation’s top management (leadership) to translating environmental objectives into
measurable financial metrics, such as OPRF (Mayndarto & Murwaningsari, 2021). The literature supports the view that top management
engagement in setting environmental targets and supporting the implementation of eco-friendly practices helps organisations meet sustain-
ability goals (Ali, 2021; Appiah et al., 2020). The current study argues that high TMC can magnify the positive effect of EMA implemen-
tation on OPREF, as it facilitates EMA’s effective integration into organisational practices and the realisation of the goal of sustainable
development. Mayndarto and Murwaningsari (2021) examined the moderating effect of managerial commitment on the relationships be-
tween EMA and financial and environmental performance. They found that managerial commitment significantly moderates the effect of
EMA on environmental performance, but not on economic performance. This means the moderating role of TMC between EMA and
overall OPRF remains unknown. Ali (2021) suggested that TMC can mediate the relationship between EMA and organisational efficiency,
but the moderating role of TMC on the relationship between EMA and OPRF remained unknown. Prior studies support the positive nexus
between TMC and OPRF. However, they never addressed how TMC’s presence can influence the effect of EMA implementation on OPRF.
The current study hypothesises that:

HS8: TMC significantly moderate the association between EMA implementation and OPRF.

Environmental
uncertainty
Top
Management
Commitment
\l Organizational
Performance
Environmental Environmental —
strategy management *  Social
;lccaunling Environmental
Environmental
safety

Fig 1: Conceptual Framework.

3. Research Methods

3.1. Research design and data collection

The study seeks to assess the antecedents (EUTY, ESTY, and ESGY) and outcomes (OPRF) of EMA, while examining the mediating role
of EMA between its antecedents and OPRF, and the moderating role of TMC on the relationship between EMA and OPRF in manufacturing
SMEs in Oman. To fulfil this purpose, the current study conducted a survey-based study of the manufacturing sector in Oman. The study
population comprised top and middle-level managers operating in the Sultanate of Oman’s manufacturing sector. According to the National
Centre for Statistics and Information (2015-2022), there are about 64000 SMEs registered in the Sultanate of Oman. Top- and middle-level
managers were selected for the current study because they are likely to have the information and knowledge relevant to the deployment
and impact of EMA within their respective organisations. To select a sample from the population, a non-probability sampling method was
chosen because it is one of the most suitable methods for selecting a sample from a large population, given that the population size (man-
agers in SMEs in Oman) is unknown. The sample size was selected by following Cochran’s method (1977). The sample size, first computed
at a 95% confidence level with a 5% margin of error, was 384, but the finite population adjustment formula was used to adjust it to a final
sample of almost 383 managers of SMEs in Oman. Hence, the data was collected from 383 managers (top-level and middle-level) of
manufacturing SMEs of Oman. To collect data, an online survey was conducted in which a structured questionnaire was sent to targeted
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participants via email, and they were asked to complete it. Follow-up telephonic calls were made to remind them and request their responses
(Javed et al., 2023; Rababah et al., 2022; Husain et al., 2021).

3.2. Instrument and measures

The structured questionnaire was the main instrument for data collection, designed by extracting measurement scales from the literature.
Each of ESTY and TMC was measured using a five-item measurement scale (each) extracted from Mohd Fuzi et al. (2019). ESGY was
measured using a four-item scale previously used by Gunarathne et al. (2021). EMA was measured using a six-item scale previously used
by Gunarathne et al. (2021). OPRF was measured using a nine-item scale previously used by Gunarathne et al. (2021). The construct of
EUTY was measured through the five-item scale adopted from the study of Latan et al. (2018). The researcher used a 5-point Likert scale,
with one indicating “strongly disagree” and five indicating “strongly agree.”

4. Analysis and Results

The study drew on 381 valid responses from managers working in manufacturing firms in Oman. As expected in this sector, Table 1 shows
that men formed the majority (64.3%), while women accounted for 35.7% of the sample. A closer look at age and work experience shows
that most respondents were senior professionals: nearly half (48.3%) were over 40 years old, and more than one-third (36.2%) reported
over 25 years of work experience. This pattern suggests that the responses were shaped by managers who are both seasoned and well-
placed to reflect on organisational practices. Educational attainment was also high, with the majority holding at least a bachelor’s degree
(44.4%), while a substantial proportion had completed a master’s (33.6%) or doctoral degree (11.3%). On the organisational side, most
firms were well-established: 45.9% had been operating for more than 20 years, and 34.6% employed over 500 people. Certification levels
varied: 36.5% of firms reported adherence to international standards (such as ISO), though almost half reported having none.

Table 1: Demographic Characteristics of Respondents (N = 381)

Variable Category Frequency Percentage
Gender Male 245 64.3%
Female 136 35.7%
Age 25-29 years 26 6.8%
30-34 years 63 16.5%
35-39 years 108 28.3%
40 years & above 184 48.3%
Experience 10-14 years 109 28.6%
15-19 years 68 17.8%
20-24 years 66 17.3%
More than 25 years 138 36.2%
Education Diploma 39 10.2%
Bachelor’s degree 169 44.4%
Master’s degree 128 33.6%
Doctorate (PhD) 43 11.3%
Other degree 2 0.5%
Firm Size Less than 50 employees 32 8.4%
51-100 employees 46 12.1%
101-300 employees 74 19.4%
301-500 employees 97 25.5%
501 and above 132 34.6%
Firm Age Less than 5 years 31 8.1%
5-10 years 52 13.6%
11-20 years 123 32.3%
More than 20 years 175 45.9%
Certification Yes 139 36.5%
No 188 49.3%
Not sure 54 14.2%

The measurement model was first evaluated for reliability and validity. Table 2 shows that across all constructs, the indicators loaded
strongly on their respective factors, with most outer loadings exceeding the recommended threshold of 0.70 (Cronbach, 1951) and ranging
from 0.71 to 0.88, indicating satisfactory indicator reliability. The composite reliability values ranged from 0.87 for EMA to 0.95 for OPRF,
while Cronbach’s alpha values also exceeded the acceptable threshold across all constructs (Sarstedt et al., 2021). This shows that the items
consistently measure their respective constructs. Evidence of convergent validity was equally strong, as the AVE values were comfortably
above the recommended minimum of 0.50 (Hair et al., 2019), the values ranged from 0.59 for EMA to 0.69 for ESGY, suggesting that
each construct was able to capture a substantial proportion of variance from its items. An additional check for multicollinearity was con-
ducted by examining the variance inflation factor. The results showed that the indicators were free from problematic levels of collinearity,
with values well below the conservative threshold, such as 2.52 for EMA1 and 2.07 for ESGY1. This further strengthens the model’s
robustness.

Table 2: Reliability Psychometrics

Items Outer loadings VIF Cronbach’s alpha CR (tho a) CR (rho ¢) AVE
EMALI 0.844 2.524 0.863 0.870 0.898 0.595
EMA2 0.734 1.752
EMA3 0.707 1.578
EMA4 0.728 1.647
EMAS 0.778 1.980
EMAG6 0.826 2.355
ESGY1 0.847 2.077 0.855 0.861 0.902 0.697
ESGY2 0.768 1.650

ESGY3 0.876 2.343
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ESGY4 0.845 2.093
ESTY1 0.818 1.781 0.850 0.851 0.899 0.690
ESTY3 0.820 1.990
ESTY4 0.859 2.361
ESTYS 0.825 1.980
EUTY1 0.839 2310 0.883 0.891 0914 0.681
EUTY2 0.766 1.985
EUTY3 0.817 2.237
EUTY4 0.863 2.798
EUTYS 0.839 2258
OPRF1 0.806 2.398 0.943 0.947 0.952 0.688
OPRF2 0.841 2.839
OPRF3 0.815 2.600
OPRF4 0.795 2318
OPRF5 0.883 3.843
OPRF6 0.860 3.326
OPRF7 0.848 2.842
OPRF8 0.760 2.114
OPRF9 0.849 2.950
TMC1 0.850 2.645 0.871 0.878 0.906 0.660
T™C2 0.756 2.136
TMC3 0.826 2.263
TMC4 0.803 2.099
TMCS 0.823 2.060

The discriminant validity of the constructs was established using both the Fornell-Larcker criterion and the heterotrait—-monotrait (HTMT)
ratio (see Table 3). The Fornell-Larcker results showed that the square root of each construct’s AVE was consistently higher than its
correlations with other constructs (Fornell & Larcker, 1981). For example, the square root of AVE for ESGY was 0.835, which was greater
than its correlations with ESTY (0.555) and EUTY (0.525). Similarly, OPRF demonstrated an AVE of 0.829, higher than its correlations
with EMA (0.606) and TMC (0.498). These comparisons indicate that each construct accounts for more variance among its indicators than
among indicators of other constructs, thereby satisfying the Fornell-Larcker requirement. Next, the HTMT results provided further evi-
dence of discriminant validity. All values were below the conservative threshold of 0.85, with most ranging between 0.56 and 0.74. For
instance, the HTMT ratio between EMA and OPRF was 0.663, while that between ESGY and ESTY was 0.646. These results confirm that
the constructs are empirically distinct and that multicollinearity across constructs is not a concern.

Table 3: Discriminant Validity

Variables EMA ESGY ESTY EUTY OPRF TMC
EMA 0.771

ESGY 0.537 0.835

ESTY 0.693 0.555 0.830

EUTY 0.634 0.525 0.665 0.825

OPRF 0.606 0.554 0.567 0.606 0.829

T™MC 0.689 0.468 0.682 0.596 0.498 0.812
HTMT Ratio

EMA -

ESGY 0.619 -

ESTY 0.802 0.646 -

EUTY 0.713 0.601 0.763 -

OPRF 0.663 0.613 0.628 0.653 -

TMC 0.790 0.538 0.788 0.674 0.543 -

The overall model demonstrated satisfactory fit and predictive power. Table 4 demonstrated that the SRMR value of 0.050 was well below
the recommended 0.08 threshold, while the NFI value of 0.855 further confirmed acceptable model fit (Hair et al., 2019; Ringle et al.,
2022). The explanatory power of the structural model was moderate to substantial, with R? values of 0.550 for EMA and 0.498 for OPRF.
The adjusted R? values were also close in magnitude, indicating good model stability. In terms of predictive validity, the Q* values were
0.538 for EMA and 0.450 for OPRF, both well above zero, indicating strong predictive relevance. The root mean square error (RMSE) and
mean absolute error (MAE) values (0.682 and 0.521 for EMA; 0.745 and 0.558 for OPRF) indicate that the predictive model performs
consistently, with only minor prediction errors.

Table 4: Model Goodness and Predictive Measures

Variable Q?predict RMSE MAE R2 Adj. R2 Model Fit
EMA 0.538 0.682 0.521 0.550 0.547 SRMR 0.050
OPRF 0.450 0.745 0.558 0.498 0.490 NFI 0.855

The hypothesis-testing results in Table 5 provide strong support for the proposed model. H1 predicted a relationship between EUTY and
EMA, and the results revealed a significant positive effect (§ = 0.264, t = 5.223, p < 0.001), thereby supporting H1. This finding suggests
that uncertainty acts as a positive predictor of EMA implementation. H2 was supported, as ESGY showed a significant positive impact on
EMA (B =0.152,t=3.275, p <0.001), highlighting the critical role of strategic direction. Similarly, H3, which posited a positive influence
of ESTY on EMA, was also supported (f = 0.444, t=8.812, p=0.000), indicating that a stronger focus on safety encourages EMA practices.
The results further confirmed H4, which proposed that EMA positively influences OPRF. The effect was significant (8 = 0.260, t = 3.884,
p <0.001), suggesting that EMA implementation translates directly into sustainability outcomes.



International Journal of Basic and Applied Sciences 85

Table 5: Hypotheses Testing (PLS-SEM)

Hypothesis Path Estimates SE T value P values Decision
H1 EUTY > EMA 0.264 0.051 5.223 0.000 Accepted
H2 ESGY -> EMA 0.152 0.046 3.275 0.001 Accepted
H3 ESTY -> EMA 0.444 0.050 8.812 0.000 Accepted
H4 EMA -> OPRF 0.260 0.067 3.884 0.000 Accepted
H5 EUTY -> EMA -> OPRF 0.068 0.023 2.904 0.002 Accepted
H6 ESGY -> EMA -> OPRF 0.041 0.016 2.517 0.006 Accepted
H7 ESTY -> EMA -> OPRF 0.109 0.031 3.516 0.000 Accepted
H8 TMC x EMA -> OPRF 0.081 0.040 2.027 0.021 Accepted

Regarding mediation, H5 was supported, with EMA mediating the relationship between EUTY and OPRF (B =0.068,t=2.904, p =0.002).
H6 was also accepted, as EMA mediated the link between ESGY and OPRF (§=0.041,t=2.517, p=0.006). Likewise, H7 was supported,
with EMA mediating the effect of ESTY on OPRF ( = 0.109, t = 3.516, p < 0.001). These findings confirm that EMA serves as a key
mechanism through which environmental drivers shape OPRF. Finally, H8 proposed that TMC moderates the relationship between EMA
and OPRF. The interaction effect was significant ( =0.081, t=2.027, p = 0.021), supporting the hypothesis that management commitment
amplifies the impact of EMA on OPRF. The interaction plot in Figure 2 illustrates this effect, showing that organisations with higher levels
of TMC exhibit a steeper positive slope between EMA implementation and OPRF than those with lower levels of TMC.

TMC x EMA
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Fig. 2: Moderating Effect.

5. Discussion of Findings

The study analysed the antecedents of EMA implementation, including EUTY, ESGY, and ESTY, and the effect of EMA implementation
on OPREF. It further assessed the mediating role of EMA implementation across all three relationships: EUTY and OPRF, ESGY and OPRF,
and ESTY and OPRF. Furthermore, the current study examined how TMC’s presence can enhance the relationship between EMA imple-
mentation and OPRF. Results from the previous section indicate that EUTY was a positive predictor of EMA implementation in manufac-
turing SMEs in Oman, thereby supporting H1. This result supports the viewpoint of multiple past researchers emphasising the potential of
EUTY to lead the organisation towards EMA adoption, Kong et al. (2022), Latan et al. (2018), Appiah et al. (2020), and Ao et al. (2023),
as those researchers also posited that EUTY drives EMA adoption as EMA offers data-driven insights to organisations that allow them to
navigate the fluctuating environmental landscape and enhance their efficiency. Hence, the current study suggests that manufacturing SMEs
in Oman facing EUTY should implement EMA to manage these uncertainties better.

Results further indicated that ESGY was a positive predictor of EMA implementation in manufacturing SMEs in Oman, thereby supporting
the acceptance of H2. This result also aligns with the viewpoint of multiple prior researchers emphasising the positive role of ESGY in
deriving EMA adoption, Thanh Thuy Ngoc (2025), Faraz et al. (2024), Gunarathne et al. (2023), and Mayndarto and Murwaningsari (2021),
as those scholars also posited that ESGY motivates organisations to implement EMA, as EMA offers data-driven insights to organisations
that allow them to meet the goals and targets of their ESGY. Hence, the current study suggests that manufacturing SMEs in Oman with an
environmentally oriented strategy should implement EMA to support the effective and successful implementation of their ESGY. Similarly,
the study’s results confirmed the positive role of ESTY concerns in driving EMA adoption among manufacturing SMEs in Oman, thereby
supporting the acceptance of H3. This result also aligns with the views of prior researchers who emphasise the positive role of an ESTY
orientation in driving EMA adoption, Islam and Rahman (2022) and SAN and HENG (2018). However, the limited previous literature does
not provide any further support for this finding. The current results are new in this regard, as they suggest that increased concern for ESTY
leads the organisation to adopt prudent resource management practices as a result of EMA implementation. Hence, the current study sug-
gests that manufacturing SMEs in Oman with ESTY concerns should implement EMA to manage their environmental impacts better and
address environmental hazards.

The current study’s results affirmed the positive role of EMA implementation in improving OPRF. Based on these results, H4 was accepted,
and it was suggested that Omani manufacturing SMEs can enhance their TBL performance by implementing EMA, as it enables them to
make informed decisions by acquiring and assimilating valid environmental data. These results are in line with revelations of multiple prior
researchers, such as Ratanasongtham et al. (2018), Thanh Thuy Ngoc (2025), Amir et al. (2024), Gerged et al. (2024), Gunarathne et al.
(2021), and Mayndarto and Murwaningsari (2021), who supported the positive impact of EMA implementation on different types of per-
formances. However, the current study, which takes a holistic view of OPRF (TBL perspective), is a new finding suggesting that SMEs in
Oman should implement EMA to support all three types of performance. H5, H6, and H7 examined the mediating roles of EMA imple-
mentation in EUTY -OPRF, ESGY-OPRF, and ESTY-OPRF. The findings have supported all three mediation hypotheses. It has been
found that EMA implementation significantly mediates the association between EUTY and OPRF of manufacturing SMEs of Oman. This
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finding though new but gets theoretical support from previous studies such as Kong et al. (2022), Gunarathne et al. (2023), Latan et al.
(2018), Appiah et al. (2020), and Nguyen et al. (2023) emphasizing the positive role of EUTY towards EMA implementation and studies
emphasizing the psotive role of EMA implementation towards OPRF (Ratanasongtham et al. 2018), Thanh Thuy Ngoc (2025), Amir et al.
(2024), Gerged et al. (2024), Gunarathne et al. (2021), and Mayndarto and Murwaningsari (2021).

Similarly, the positive mediating role of EMA implementation between ESGY and OPRF found in the current study is also supported by
previous findigns such as Thanh Thuy Ngoc (2025), Faraz et al. (2024), Gunarathne et al. (2023), and Mayndarto and Murwaningsari
(2021) (emphasizing the positive role of ESGY towards EMA implementation) and studies emphasizing the positive role of EMA imple-
mentation towards OPRF Ratanasongtham et al. (2018), Thanh Thuy Ngoc (2025), Amir et al. (2024), Gerged et al. (2024), Gunarathne et
al. (2021), and Mayndarto and Murwaningsari (2021). Similarly, the finding of a mediating role of EMA implementation between ESTY
and OPRF receives theoretical support from the work of Islam and Rahman (2022) and SAN and HENG (2018), who argue that ESTY
concerns lead businesses to adopt eco-friendly practices. Although these past studies have not directly addressed the mediation paths
(through EMA) from EUTY, ESGY, and ESTY to OPRF, they provide support for the currently identified mediated paths. Based on these
revelations, it is suggested that SMEs in Oman coping with high EUTY, with an ESGY, and with ESTY concerns are very likely to
implement EMA, which, in turn, supports their OPRF.

The last hypothesis examined the moderating effect of TMC on the relationship between EMA implementation and OPRF. It was found
that TMC significantly enhances the positive effect of EMA implementation on OPRF in manufacturing SMEs in Oman, thereby confirm-
ing the moderating role of TMC and supporting the acceptance of H8. This finding aligns with previous research by Mayndarto and Mur-
waningsari (2021) and Ali (2021), who confirmed TMC's intervention in the relationship between EMA and performance (either through
moderation or mediation). However, these studies did not address or explain TMC's moderating impact on the relationship between EMA
implementation and a firm’s overall OPRF. Hence, the current study found that manufacturing SMEs in Oman with high TMC are more
likely to translate their EMA into high OPRF.

6. Conclusion

The current study performed a survey of manufacturing SMEs of Oman to assess the antecedents and outcomes of EMA implementation,
along with the assessment of mediating roles of EMA implementation between EUTY and OPRF, ESGY and OPRF, and ESTY and OPRF
and the analysis of the moderating effect of TMC on the relationship between EMA implementation and OPRF. The current study evaluated
three predictors of EMA, i.e. EUTY, ESGY, and ESTY, while it evaluated the OPRF as the outcome of EMA implementation in manufac-
turing SMEs of Oman. Data collected from 383 managers were used to compute results using structural equation modelling. The current
study found that EUTY, ESGY, and ESTY are positive predictors of EMA implementation in manufacturing SMEs in Oman. Furthermore,
it was found that EMA implementation significantly mediated the relationships between EUTY and OPRF, ESGY and OPRF, and ESTY
and OPRF. Furthermore, it was declared that the TMC serves as a significant catalyst in the relationship between EMA implementation
and OPRF, as SMEs with high TMC were more likely to translate the positive effect of their EMA on OPRF.

6.1. Implications of the study
The present study has significant implications for the literature and practice.
6.1.1. Theoretical implications

Theoretically, the present study, being one of the pioneering studies to investigate and combine predictors and outcomes of EMA imple-
mentation within a single conceptual model in the context of Omani SMEs, makes a significant contribution to the literature. Being the
first to analyse the mediating role of EMA implementation between those antecedents and OPRF in a single model, and to assess the
moderating effect of TMC in the relationship between EMA implementation and OPRF, will add to the relevant literature, which currently
has prevailing gaps. As these mediated and moderated paths have not been previously explained, particularly with empirical evidence (such
as in manufacturing SMEs in Oman), this study will enhance the empirical literature on these paths. In this way, the current study advances
the literature on EMA implementation, RBV, and sustainability by providing evidence on rarely assessed paths.

6.1.2. Practical implications

The current study presents useful findings and guidelines for strategy makers of SMEs in Oman striving for sustainability, outlining how
they can achieve sustainability goals through the effective implementation of EMA. The current study and its guidelines will help them
identify different predictors of EMA implementation and the role of EMA implementation in improving their economic, environmental,
and social performance. In this way, they will be able to formulate more effective strategies to promote EMA implementation in their
organisation. For instance, the current study suggests that building and implementing an ESGY could help them promote EMA implemen-
tation, thereby motivating them to develop their ESGY further and embed environmental considerations into their organisational strategy.
The current study will also help business strategy makers realise how EMA implementation can help them better cope with environmental
uncertainties through proactive decision-making, thereby increasing the likelihood of EMA implementation.

Furthermore, they can better understand how important the TMC is to actually realise the benefits of EMA in terms of their performance.
Hence, the current study can promote the adoption of EMA among them, thereby enhancing their OPRF and advancing their sustainability
and the attainment of the economic, environmental, and social objectives of the Sustainable Development Goals (SDGs). It means that the
current study and its implications are not limited to SMEs; instead, they can play a significant role in the sustainable development of
Oman’s overall manufacturing sector by guiding organisations towards the SDGs.

6.1.3. Policymaking implications

The current study and its guidelines will also help policymakers in Oman recognise the crucial roles of ESGY, ESTY concerns, and EUTY
in shaping EMA implementation. Furthermore, it will help them realise that implementing EMA among manufacturing SMEs can contrib-
ute positively to the sustainable development of the sector. The current study will assist policymakers in formulating and implementing
effective policies to promote EMA implementation in the sector. For instance, they can develop new EMA reporting standards and policies
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to mandate EMA implementation among them. In this way, they can ensure that the manufacturing sector in Oman contributes positively
to achieving the SDGs.

6.2. Limitations and future research directions

Beyond its theoretical implications, the current study still has some shortcomings that may limit its generalizability. For instance, the
current findings are primarily relevant to manufacturing SMEs in Oman, while the circumstances of EMA implementation, its predictors,
and its outcomes may vary across sectors. To address this concern, future researchers should conduct cross-sector investigations and com-
parisons to examine how EMA implementation affects OPRF across sectors. Furthermore, the influence of other variables, such as regula-
tory pressure or environmental costs, can make a considerable difference in the implementation of EMA, particularly among SMEs. There-
fore, future researchers should consider the effects of those intervening variables to enhance findings.
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