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Abstract

Paper aims: This study aims to explore the relationship between Total Quality Management (TQM), Technology Management
(TM), and sustainable performance in manufacturing.

Originality: The originality of this study lies in its integrated approach, combining TQM and TM to assess their collective
impact on Corporate Sustainability Performance (CSP). While prior research has examined these concepts separately, this
study provides a comprehensive framework that highlights their synergies in driving sustainability.

Research method: This study employs a mixed-methods approach, combining surveys and expert interviews. The quantitative
phase assesses TQM and TM practices’ impact on sustainability in manufacturing firms, while qualitative interviews provide
deeper insights into key success factors, challenges, and mechanisms driving the adoption of these strategies.

Main findings: The findings indicate that TQM and TM collectively enhance CSP by improving operational efficiency, reducing
waste and emissions, fostering sustainable innovation, and promoting a culture of continuous improvement and employee
involvement. These findings highlight the need to integrate quality management and technology for sustainability goals.

Implications for theory and practice: Theoretically, this study enriches the understanding of how TQM and TM interact to
drive sustainable performance. Practically, it provides organizations with actionable strategies to align quality management
and technology for long-term sustainability.
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1. Introduction

Manufacturing industries are facing increasing pressure to adopt sustainable practices due to rising concerns
about environmental impacts, social responsibility, and economic sustainability. Total Quality Management
(TQM) and Technology Management have emerged as key strategies for driving sustainable performance in this
sector. TQM, a management philosophy emphasizing quality in every facet of organizational operations (Fisher,
1992). 1t focuses on continuous improvement, customer satisfaction, and employee involvement. TQM principles
have been widely recognized for their ability to enhance product quality, reduce waste, and increase operational
efficiency. Alzoubi et al. (2022) believed that by adopting TQM practices, manufacturers can reduce costs and
minimize environmental impact through better resource use and waste management. Technology management
helps organizations haress innovations for sustainable, eco-friendly, and energy-efficient production. Javaid et al.
(2022) argued that effective technology management enables organizations to adopt and integrate innovations,
improving sustainability through reduced carbon footprint, energy efficiency, and optimized resources.

Prior studies have extensively examined the influence of Total Quality Management (TQM) on organizational
performance, emphasizing its critical role in enhancing operational efficiency, product quality, and customer
satisfaction. Researchers such as Mohd Zaidi & Ahmad (2020) have shown that TQM practices—particularly
continuous improvement, employee involvement, and customer focus—significantly contribute to improved
performance in manufacturing industries. Additionally, TQM has been found to deliver synergistic benefits when
integrated with other management approaches like lean manufacturing and Six Sigma, leading to enhanced
process excellence and organizational effectiveness (Yadav et al., 2020). Beyond operational gains, TQM fosters
a culture of innovation and organizational adaptability, allowing firms to respond more effectively to shifting
market demands and customer expectations (Antunes et al., 2021). Importantly, the integration of TQM with
sustainability initiatives has also been linked to improved financial performance and enhanced environmental
and social outcomes, solidifying its role in promoting long-term organizational success (Chaher & Lakhal, 2024).
Complementing TQM, technology management (TM) has emerged as another vital factor in driving corporate
sustainable performance. The adoption and effective oversight of advanced technologies enable manufacturing
firms to reduce their environmental impact, improve operational efficiency, and optimize product lifecycle
management. For instance, the deployment of eco-friendly innovations, such as energy-efficient machinery
and waste reduction systems, has been shown to lead directly to better sustainability outcomes (Masudin et al.,
2024b). When integrated with TQM, technology management amplifies the benefits by fostering continuous
innovation while ensuring adherence to quality and environmental standards (Biswas et al., 2023). This powerful
synergy allows manufacturing industries to more effectively meet the evolving challenges of sustainability, thereby
enhancing their overall corporate performance and resilience in a competitive global market (Javaid et al., 2021).

While numerous studies have examined the individual effects of TQM (Chaher & Lakhal, 2024; Correia et al., 2006)
and Technology Management (Cerra & Bonadio, 2000; Trivedi & Srivastava, 2022) on organizational performance,
there is a notable absence of empirical research exploring their combined impact on corporate sustainability. The
literature has largely treated TQM and TM as separate domains, failing to capture the synergistic potential that
could emerge when these approaches are integrated (Biswas et al., 2023). This gap is particularly critical in the
manufacturing sector, where companies are under growing pressure to achieve both operational excellence and
environmental responsibility. Although integrated approaches such as TQM with Lean or Six Sigma have been studied
(Yadav et al., 2020), very few investigations have explicitly analyzed the intersection of TQM and TM within the
sustainability discourse. As sustainability increasingly becomes a strategic imperative, understanding how TQM'’s
focus on continuous improvement can complement TM’s emphasis on innovation and technological progress is
essential (Antunes et al., 2021; Masudin et al., 2025). Therefore, the objective of this study is to investigate the
integrated influence of Total Quality Management and Technology Management on sustainable performance in
the manufacturing sector. This study seeks to answer the following research question: How does the integration
of TQM and TM contribute to enhancing sustainable performance in manufacturing firms?

The originality of this study lies in its conceptual integration of TQM and TM within a sustainability
framework—an approach underrepresented in current literature. This integration reflects the multifaceted
challenges facing modern manufacturing and aligns with the growing call for interdisciplinary strategies to
address sustainability holistically (Goecks et al., 2020). By proposing and empirically validating a unified model,
this research extends existing theories of quality and innovation management and offers actionable insights
for firms striving to balance operational efficiency, innovation, and environmental stewardship. Ultimately, this
study advances the theoretical development of sustainability-oriented management by bridging the literature
gap and highlighting how the alignment of TQM and TM can foster competitive advantage and long-term
value. The findings aim to inform both scholars and practitioners about the strategic benefits of integrating
quality and technology management to meet corporate sustainability goals.
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2. Literature review

2.1. The principles of Corporate Sustainable Performance

The concept of corporate sustainable performance (CSP) in manufacturing is underpinned by several theoretical
frameworks that guide the integration of sustainability into corporate strategy. The Stakeholder Theory is
particularly relevant as it emphasizes the importance of addressing the needs and concerns of all stakeholders,
including employees, customers, suppliers, and the community, in achieving CSP (Dmytriyev et al., 2021). This
theory posits that by considering the broader impacts of their operations, companies can create value for all
stakeholders, leading to sustainable business practices. Additionally, the Resource-Based View (RBV) of the firm
suggests that companies can achieve sustainable competitive advantage by leveraging their unique resources
and capabilities, including those related to sustainability (El Nemar et al., 2022).

Another important framework is the Triple Bottom Line (TBL) approach. The TBL framework expands the
traditional financial accounting framework to include environmental and social performance, thereby encouraging
companies to measure and report on their impacts beyond profit alone (Sridhar & Jones, 2013). This approach
has been instrumental in driving the adoption of CSP practices in manufacturing, as it provides a comprehensive
view of a company’s overall performance. Moreover, the Natural Resource-Based View (NRBV), highlights the
importance of integrating environmental considerations into corporate strategy, particularly in industries with
significant environmental impacts like manufacturing (Andersén, 2021). These theoretical frameworks collectively
provide a robust foundation for understanding and advancing CSP in the manufacturing sector.

2.2. TQM and Corporate Sustainable Performance

Total Quality Management supports corporate sustainable performance by integrating environmental, social,
and economic sustainability. Practices like lean manufacturing and Six Sigma help reduce waste and resource use,
lowering the environmental footprint. TQM also enhances social sustainability by creating safer, more inclusive
workplaces and encouraging employee involvement. These efforts align with CSP goals, demonstrating how
continuous improvement in processes directly contributes to environmental and social performance enhancements
(Wreder et al., 2008). TQM supports the economic dimension of CSP by improving efficiency, reducing costs, and
enhancing quality, resulting in higher customer satisfaction, better market share, and savings. Moreover, 1dris
(2011) highlighted that TQM helps companies achieve financial sustainability by adapting to market demands,
driving CSP, and balancing economic, environmental, and social goals.

Empirical studies have demonstrated a strong positive relationship between the implementation of TQM and
the achievement of CSP in the manufacturing sector. For example, a study by Dieste et al. (2020) found that
Manufacturing companies adopting TQM reported notable environmental improvements, including reduced energy
use and waste, showcasing TQM'’s role in resource efficiency and sustainable manufacturing practices. Similarly,
Sharari et al. (2024) have highlighted that TQM boosts employee satisfaction and workplace safety, fostering
organizational sustainability. Alongside social and environmental gains, its economic benefits in enhancing
corporate sustainability performance are well-established. For instance, research by Hendricks & Singhal (2001)
showed that companies implementing TQM experienced higher financial performance, including increased
profitability and market share (Permana et al., 2021). TQM supports environmental and social sustainability
while boosting long-term economic viability. This evidence highlights TQM'’s crucial role in enhancing CSP and
driving sustainable manufacturing performance.

2.3. Technology management and Corporate Sustainable Performance

Effective technology management boosts corporate sustainable performance by enhancing energy efficiency,
reducing waste, fostering product innovation, and enabling sustainable practices that minimize environmental
impact and improve operations (Chege & Wang, 2020). Using energy-efficient technologies like advanced
manufacturing systems and renewables significantly reduces manufacturing’s carbon footprint, enhancing
environmental sustainability (Bottani et al., 2020; Javaid et al., 2021). Moreover, technology management plays
a crucial role in fostering product innovation that meets the demands of environmentally conscious consumers
(Restuputri et al., 2024). Investing in R&D and sustainable design allows manufacturers to create high-quality,
eco-friendly products that align with consumer preferences and reduce environmental impact, supporting
CSP goals (Diaz et al., 2021). Technology management helps manufacturing firms stay competitive, ensuring
economic sustainability through innovation and efficiency (Latan et al., 2020). Thus, the impact of technology
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management on CSP is multifaceted, encompassing improvements in environmental performance, product
innovation, and economic viability.

2.4. Synergies between TQM and technology management

Integrating TQM with technology management enhances CSP by promoting continuous improvement,
customer satisfaction, and employee involvement alongside technological advancements (Souza et al., 2022).
Combining TQM principles with technology like automation and data analytics boosts operational efficiency,
product quality, and innovation, leading to sustainable practices and improved Corporate Social Performance
(Lobo Mesquita et al., 2022). Furthermore, the synergy between TQM and technology management lies in
their shared emphasis on process optimization and innovation (Naidoo & Govender, 2023). TQM promotes
continuous improvement, crucial for adopting new technologies, while technology management offers tools to
enhance TQM. Data-driven tools help identify improvement areas, enabling innovative and sustainable solutions
(Clancy et al., 2023).

Achieving corporate sustainable performance is challenging due to resistance to change, weak leadership
commitment, and low employee engagement (Srivastava & Agrawal, 2020). For example, the shift to sustainable
operations requires cultural changes, which may face resistance from employees used to traditional methods.
Strong leadership and management commitment are key to ensuring successful sustainability initiatives
(Umair et al., 2024). Operational challenges in achieving CSP include high costs of sustainable practices, complex
technology integration, and the need for continuous training, which may disrupt existing processes (Ali et al.,
2024). Moreover, adopting sustainable practices requires continuous employee training, demanding resources,
and emphasizing the need for a holistic approach to improve CSP (Bilderback, 2024).

3. Methodology

This study uses quantitative methods, applying Structural Equation Modeling (SEM) to explore the impact of
TQM, Technology Management, and Corporate Sustainable Performance in manufacturing industries, revealing
how these practices shape sustainability and operational efficiency (Hair Junior et al., 2020). This approach
helps assess structural paths and relationships, providing insights for improving sustainable industry practices.

3.1. Conceptual framework

This study uses a form-based survey to evaluate the key factors linked to each variable in the conceptual
model. Participants rate their agreement on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree). Focusing
on TQM and Technology Management’s impact on Corporate Sustainable Performance, the survey was sent to
110 manufacturing employees in Indonesia.

Figure 1 illustrates the theoretical framework linking TQM and Technology Management to Corporate
Sustainable Performance, showing their direct and indirect impact on CSP through continuous improvement and
quality control (Agotilla & Agustin, 2022). TQM practices boost efficiency, reduce waste, and improve product
quality, driving better CSP outcomes. Meanwhile, Technology Management fosters innovation and advanced
practices for sustainability goals (Fan et al., 2023). Effective Technology Management combines advanced
technologies with efficient processes to boost sustainability. Figure 1 illustrates its synergy with TQM, driving
corporate sustainability and long-term success.

Table 1 outlines the study’s hypotheses, examining the relationships between Technology management, total
quality management (TQM), and corporate sustainability performance. H1 and H2 propose that both Technology
management and TQM significantly influence corporate sustainability performance. Additionally, H3 explores the
moderating role of TQM in the relationship between Technology management and corporate sustainability performance.

Table 1. Hypotheses.

Hypothesis Description of Relationship
H1 Technology Management has a significant impact on Corporate Sustainability Performance.
H2 Total Quality Management has a significant impact on Corporate Sustainability Performance.
H3 Technology Management has a significant impact on Corporate Sustainability Performance with Total Quality Management as a

moderating variable.
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3.2. Operational variable definitions

Figure 1 highlights how TQM and Technology Management work together to drive Corporate Sustainable
Performance (CSP). TQM focuses on continuous improvement, quality control, and customer satisfaction, enhancing
efficiency, reducing waste, and improving product quality for better CSP results (Fok et al., 2022). Technology
management drives innovation and sustainability by integrating advanced technologies and optimizing processes
to gain a competitive edge (Varriale et al., 2025). The definition of operational variables is illustrated in Table 2.

Figure 1 presents a structural model that explores how Technology Management, TQM, and Corporate
Sustainability Performance are interconnected. In the model, TM (X) is an independent variable influenced by ten
indicators (TM1 to TM10) and directly affects CSP (Y), measured by seven indicators (CSP1 to CSP7). Additionally,
TM impacts CSP indirectly through TQM (M), which serves as a mediator. TQM is represented by six indicators
(TQM1 to TQM6), emphasizing its crucial role in improving sustainability outcomes. This model suggests that
strong Technology management, paired with TQM practices, leads to better sustainability performance.

TOmM 1

TOM 2

TOM 3 Total Quality H1 Corporate

hManagement Sustainability
TOrM 4 Performance
CSF4
TamMm s
CSPS

TOmM &
CSPe
CSP7

Technology
Management

Figure 1. Conceptual framework.

3.3. Sample and approach

This study used a quantitative approach with purposive sampling, selecting 110 participants based on
factors like age, gender, occupation, and experience. The respondents, all involved in the production process
in Indonesia’s manufacturing sector, held diverse roles and tenures. A researcher-designed questionnaire was
used for data collection. According to Sarstedt et al. (2016), a research instrument collects data on natural or
social phenomena, using a 5-point Likert scale for accurate measurement.

This study uses Partial Least Squares - Structural Equation Modeling (PLS-SEM), a versatile method for testing
both linear and non-linear relationships among latent constructs. It can handle multiple indicators (reflective,
formative, or MIMIC) and is more robust than traditional multivariate analysis, especially for complex models (Hair
Junior et al., 2014). In this research, the researcher used PLS-SEM as the data analysis method with the help of
Smart PLS 3.0 software. According to Hair Junior et al. (2014), in SEM, there are exogenous and endogenous
constructs. Exogenous variables (&) are unaffected by others, while endogenous variables () are influenced by
other variables. Moderating variables (p) alter the relationship between two variables, strengthening or weakening
the connection. Intervening variables also influence relationships, directly or indirectly.
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Table 2. Operational variable definition.

)
3

DUCTION

Variable definition Code Attribute Source
Technology management involves using T™1 Establishment of systems and features to satisfy Jin & von Zedtwitz (2008);
knowledge, skills, tools, and resources to convert user needs Masudin et al. (2021b)
raw materials into valuable products. ™2 Various methods include forecasting, design,
technology, process selection, and layout.
T™M3 ERP, EDI, GPS, RFID, and barcodes are key
information systems.
TM4 An automated electronic system designed to
process data accurately and efficiently.
T™M5 A supportive work environment equipped
with appropriate tools to enhance employee
productivity.
TM5 The ability to act independently based on self-
initiative.
TM6 Cross-departmental collaboration aimed at
achieving product quality goals.
T™7 Integrated system implementation to improve
cost, inventory, and receivable management.
T™M8 Digital procedures are designed to provide fast,
accurate, and transparent services.
T™9 Technology for determining directions and
object positioning.
T™10 Automated tracking system supporting rapid
inventory flow and circulation.
Corporate sustainability performance focuses on CSP1 Technology has been used by organizations to Garcia-Sanchez et al. (2018)
meeting current needs without hindering future increase revenue and reduce costs.
generations” ability to thrive. CSP2  Leveraging technology to track and share vital Masudin et al. (2021a)
information
CSP3 Energy-saving equipment, techniques, and Klassen & Whybark (1999)
design for environmental protection.
CSP4 Adequate information technology essentially Hendrati et al. (2023)
enables companies to work faster, more
efficiently, and productively.
CSP5 Manual information delivery tends to be less Febrianti (2024)
effective.
CSP6 Improving board training is a key focus, and Huff et al. (2006)
information technology development is essential
to achieve it.
CSP7 Optimizing and increasing the use of reusable Lehmann (2011)
materials and recycled resources.
Total Quality Management involves engaging TQM1 TQM highlights strengths and areas for Kuruppuarachchi & Perera (2010);
all employees to improve customer value while improvement based on Malcolm Baldrige Prajogo & Sohal (2006)
minimizing production costs. criteria.
TQM2 Provides a framework for excellence,
empowering management to act.
TQM3 An integrated framework covers organization,
processes, and outcomes.
TQM4  Achieving performance excellence requires more
than tools and procedures.
TQM5 Adaptability to all business sizes and scopes,
from local to global.
TQM6 Global management practices to boost

organizational performance excellence.

4, Results

4.1. Quantitative data analysis: respondents’ profile

This study surveyed employees from the paper manufacturing industry using a pre-tested questionnaire,

with a pilot study conducted to ensure its readiness for full-scale research (Teresi et al., 2022). A total of 110

staff members completed the e-questionnaire, with a response rate of 73% from the 150 targeted respondents.
The sample included individuals from various divisions, such as Quality Management, Product Conversion, and
Service. The 5-point Likert scale measured attitudes and perceptions, from “Strongly Disagree” to “Strongly Agree”.
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4.2. Evaluation of the outer model measurement

The measurement model was analyzed using validity and reliability tests, including convergent and discriminant
validity, composite reliability, and Cronbach’s Alpha, with results in Figure 2.

Figure 2 displays the loading factor calculations, with values above 0.70, confirming the indicators meet
convergent validity requirements. The results show strong validity for indicators across three latent variables:
TM™M, TQM, and CSP. All loading factors exceed 0.70, with values ranging from 0.736 to 0.925. Discriminant
validity can be assessed using AVE values, which are listed in Table 3.

The AVE values in Table 3 confirm good discriminant validity, with all constructs exceeding the 0.5 threshold.
The TM construct has an AVE of 0.676, while TQM and CSP show even higher values of 0.812 and 0.754,
respectively, validating the constructs.

This study analyzes instrument reliability by assessing consistency across times, locations, and populations.
Reliability is evaluated using composite reliability and Cronbach’s Alpha. A construct is considered reliable if
composite reliability exceeds 0.7 and Cronbach’s Alpha is above 0.6 (Suryani & Tentama, 2020). The results of
these reliability assessments for composite reliability and Cronbach’s Alpha are presented in Table 4.

1o CsPA
E. ~
TOM.2 \ Ccsp.2
TQM.3 \
g —7 CSP.3
— §\\\‘
TOM.4
/ ap—
TaM.5 TaM
= - CSP.5
TOM.6
TM'L( CsP.6
™.10 4 P 7
" CSP.
™.11
LN
™2
™3
™.4
T™.5
™6
™7
x
™.8
S
.9
Figure 2. Loading factor results.
Table 3. Average Variance Extracted (AVE) value.
Construct AVE
™ 0.676
TQM 0.812
CSP 0.754
Table 4. Cronbach’s Alpha value.
Construct AVE
™ 0.952
TQM 0.954
CSp 0,946.
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The table shows the Average Variance Extracted (AVE) values for TM, TQM, and CSP: 0.952, 0.954, and 0.946,
respectively. All exceed the 0.5 threshold, indicating strong convergent validity and confirming the constructs’
reliability and robustness in the study.

4.3. Evaluation of the Inner Model measurement

The structural model (Inner Model) defines the relationships between latent constructs by examining the
estimated parameter coefficients and their significance levels (Hair Junior et al., 2012). To assess the Inner
Model, calculate the R-square for dependent constructs, perform t-tests, and evaluate structural path coefficients’
significance. R-square values are classified as strong, moderate, or weak based on thresholds (Hair Junior et al.,
2012). The R-square values for the dependent variables obtained in this study are detailed in Table 5.

The structural model analysis shows that Technology management (X) and Total Quality Management (Z)
explain 46.9% of Corporate Sustainability Performance (Y). For Z, X accounts for 73.6% of its variance, with
other factors contributing the remaining percentages. After calculating the R-squared values, we conduct
t-tests to assess the significance of the structural path coefficients. Critical values are 1.65 (10%), 1.96 (5%),
and 2.58 (1%) for two-tailed hypotheses (Sadidi et al., 2018). The significance of the effects between latent
variables is assessed through statistical significance values, which can be determined using the bootstrapping
method. According to Sarstedt et al. (2022), bootstrapping is a non-parametric method that tests coefficient
significance by estimating standard errors, using a 0.5 significance level.

Table 6 displays the path coefficients between TM, TQM, and CSP, including sample values, means, standard
deviations, t-statistics, and p-values. The TM-CSP path has a coefficient of 0.416 (mean = 0.424, SD = 0.125), with a
significant t-statistic of 3.335 and p-value of 0.001. The TM-TQM path shows a strong coefficient of 0.858 (mean =
0.854, SD = 0.032), with a very high t-statistic of 27.120 and p-value of 0.000. Lastly, the TQM-CSP path has a
coefficient of 0.293 (mean = 0.284, SD = 0.119), with a significant t-statistic of 2.462 and p-value of 0.014. Table 7
presents the results of the data processing, showing indirect relationships between variables using bootstrapping in PLS.

Table 7 shows the indirect effect of TM on CSP through TQM. The original sample value is 0.252, with an
average of 0.242 across samples and a standard deviation of 0.101. The T statistic of 2.490 and p-value of
0.013 confirm that this effect is statistically significant and robust in the model.

5. Discussion

5.1. Hypothesis testing

This study tests hypotheses by comparing t-values to t-table values. A hypothesis is accepted if the t-value
exceeds the t-table value and rejected if it’s smaller. The accepted and rejected hypotheses are summarized in Table 8.

Table 5. R-Square value.

Variable R Square Category
CSP 0.469 Low
TQM 0.736 Moderate

Table 6. Path Coefficient Values.

Standard Deviation

T Statistics (|O/

Original Sample (0) Sample Mean (M) (STDEV) STDEV]) P Values
T™ -> CSP 0.416 0.424 0.125 3.335 0.001
™ -> TQM 0.858 0.854 0.032 27.120 0.000
TQM -> CSP 0.293 0.284 0.119 2.462 0.014
Table 7. Specific Indirect Effect value.
.. Standard Deviation T Statistics (|O/
Original Sample (0) Sample Mean (M) (STDEV) STDEV]) P Values
T™ -> TQM -> CSP 0.252 0.242 0.101 2.490 0.013
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Table 8. Hypothesis Testing Results.

Path
Hypothesis T-value T-table Description
From To
Hypothesis 1 TQM CSP 2.462 1.98 Accepted
Hypothesis 2 ™ CSP 3.335 1.98 Accepted
Hypothesis 3 ™ TQM 27.120 1.98 Accepted
Hypothesis 3 Moderating relationship 2.490 1.98 Accepted

Table 8 shows that the t-values exceed the critical t-table value of 1.98, supporting the acceptance of all
hypotheses. Specifically, Hypothesis 1 is confirmed with a t-value of 2.462, Hypothesis 2 is confirmed with
3.335, and Hypothesis 3 is strongly supported with 27.120. These results highlight significant relationships
between TQM, TM, and CSP.

H1: the impact of technology management on Corporate Sustainability Performance

Corporate Sustainability Performance (CSP) reflects a company’s commitment to environmental, social,
and economic responsibility. Technology management (TM) involves strategies to optimize technology and
systems, enhancing operational efficiency. Research highlights TM’s significant impact on CSP, primarily through
improved efficiency. Advanced technologies like energy management systems, automation, and 1T streamline
production, cut energy waste, and reduce greenhouse gas emissions. For example, energy management systems
enable real-time monitoring, helping companies minimize energy consumption and environmental impact.
Dzikriansyah et al. (2023) found that companies adopting smart and connected technologies achieve higher
energy efficiency and better environmental performance.

TQM helps companies reduce waste and emissions through waste treatment, recycling, and clean production
technologies. These innovations minimize environmental impact by cutting material waste and improving
resource efficiency, leading to better overall environmental performance. Masudin et al. (2018) showed that
companies using clean production technologies typically perform better environmentally. Additionally, TQM
drives sustainable innovation by introducing technologies that help companies create eco-friendly products and
processes. This innovation can enhance operational efficiency and help companies meet market demand for
more sustainable products. For instance, manufacturing companies adopting 3D printing technology can reduce
material waste and increase design flexibility, contributing to better environmental and economic performance
(Javaid et al., 2021).

TM also aids companies in complying with strict environmental regulations and industry standards. Monitoring
and reporting technologies allow companies to more effectively and efficiently track their compliance. For
example, emission monitoring technologies help detect and reduce harmful emissions, ensuring companies meet
environmental regulations. Masudin et al. (2024a) demonstrated that companies adopting emission monitoring
technologies tend to be more compliant with environmental regulations and exhibit better environmental
performance. By integrating TM, companies can more effectively identify and manage environmental and
operational risks. Real-time monitoring technologies and data analysis enable companies to detect potential
issues before they escalate into crises. For instance, gas leak monitoring systems can detect hazardous gas leaks
early, allowing companies to take immediate action to address the issue, and reducing financial and reputational
risks (Ferreira et al., 2024).

H2: The impact of TQM on Corporate Sustainability Performance

Corporate Sustainability Performance (CSP) measures a company’s impact across environmental, social, and
economic areas. TQM aims to improve quality throughout the organization, engaging all members in continuous
progress. Studies show that TQM boosts CSP by increasing efficiency, cutting waste, and refining processes.
Practices like Kaizen, Six Sigma, and Lean Manufacturing help identify and eliminate inefficiencies. For example,
Six Sigma reduces production variability, enhances quality, and minimizes material waste. Garza-Reyes et al.
(2018) found that implementing TQM principles significantly reduces energy consumption and waste production,
directly improving a company’s environmental performance.

TQM emphasizes active employee involvement in quality improvement, creating a culture of sustainability.
Engaged employees understand their environmental and social impact, boosting their commitment to enhancing
company performance and driving positive change. Cavallone & Palumbo (2022) demonstrated that high
employee involvement in TQM initiatives is linked to improved morale, productivity, and social performance.
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TQM prioritizes customer satisfaction as a key quality measure. Delivering high-quality products that exceed
expectations fosters loyalty and enhances the company’s reputation. Satisfied customers often associate this with
sustainable practices, like using eco-friendly materials and socially responsible production methods. Brah et al.
(2002) showed that companies with effective TQM programs tend to have stronger market performance and
long-term customer relationships.

TQM drives sustainable innovation by fostering continuous improvement. 1t helps companies find opportunities
to enhance quality and sustainability, reduce their ecological footprint, and boost long-term performance.
Albloushi et al. (2023) found that integrating TQM principles fosters sustainable innovation, contributing to better
sustainability performance. Furthermore, TQM helps companies ensure compliance with strict environmental
regulations and standards. By implementing a comprehensive quality management system, companies can more
effectively monitor and manage their environmental impact. Monitoring and reporting technologies used in
TQM allow companies to ensure their operations align with current regulations, reducing the risk of fines and
enhancing their environmental reputation. Mar Fuentes-Fuentes et al. (2004) demonstrated that companies
implementing TQM are more likely to comply with environmental regulations and achieve better environmental
performance.

H3: Impact of technology management on TQM

Technology management (TM) and TQM work together to boost operational efficiency and product quality.
TM leverages technology to improve processes, while TQM involves everyone in continuous quality improvement.
This study examines how TM affects TQM implementation. TM enhances efficiency through automation and
advanced technologies, reducing errors and ensuring product consistency. Tools like automated quality control
and real-time monitoring help detect and fix defects quickly, supporting TQM goals. Colledani et al. (2014) found
that the use of automation technology in production management can significantly reduce process variability
and improve product quality. TM provides tools and technologies for accurate and real-time data collection and
analysis. This data is crucial for fact-based decision-making, one of the core principles of TQM. Management
information systems and analytic technologies allow companies to swiftly identify patterns, trends, and quality
issues, enabling timely corrective action. Wang et al. (2018) demonstrated that companies integrating data
analytics into their management processes have a greater capacity to identify and resolve quality problems.

Technology in TM boosts employee engagement in TQM, enabling active participation in quality initiatives
through collaboration tools, feedback platforms, and communication systems, fostering a quality-driven culture.
Bessant & Caffyn (1997) found that collaboration and communication technologies enhance employee involvement
in quality initiatives, fostering continuous improvement and driving innovation through new technologies. Such
innovation not only enhances product quality but also ensures that products meet high-quality standards.
Technologies like computer simulation, 3D printing, and computer-aided design (CAD) allow companies to
develop higher-quality products while reducing time to market. Prajogo & Sohal (2006) argued that innovative
technologies play a key role in improving both product quality and production processes, which are central
to TQM. TM helps companies meet quality standards and regulations by using monitoring technologies. For
instance, air and water quality monitoring ensures production processes comply with environmental rules,
supporting effective TQM implementation. Anderson et al. (1999) showed that companies using quality monitoring
technologies tend to be more compliant with regulations and have better quality performance.

H4: The impact of Technology Management (TM) on Corporate Sustainability Performance (CSP) with TQM as a
moderating variable

Corporate Sustainability Performance (CSP) assesses a company’s impact on the environment, society, and
economy. Technology management (TM) focuses on using technology to improve operations, while TQM promotes
continuous quality improvement throughout the organization. Research shows that TM positively affects CSP,
with TQM strengthening this relationship by enabling technologies that enhance efficiency, reduce energy use,
and minimize environmental impact (Amjad et al., 2021). Additionally, TM facilitates better risk management
through real-time monitoring and data analysis, helping companies detect and address potential environmental
issues before they escalate into crises (Patterson, 2015).

Adopting TQM principles helps companies optimize technology use through TM, promoting continuous
improvement, waste reduction, and higher efficiency, such as with Lean Six Sigma, enhancing CSP (Huang et al.,
2023). TQM promotes employee involvement in quality improvements, creating a culture of sustainability.
Engaged employees become more aware of their work’s environmental and social impacts, driving commitment to
enhancing the company’s performance. Research by Mellat-Parast (2013) shows that high employee involvement
in TQM initiatives is associated with increased morale, productivity, and social performance of the company.
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TM offers tools for real-time data collection and analysis, supporting TQM'’s fact-based decision-making.
These technologies help identify trends and quality issues for timely action (Omar et al., 2019). TQM encourages
continuous innovation by focusing on improvements. By using a data-driven approach, companies can identify
ways to enhance quality and sustainability, such as adopting efficient technologies and reducing environmental
impact (Zhang et al., 2021). Lastly, TQM helps companies ensure compliance with stringent environmental
regulations and standards. By implementing comprehensive quality management systems, companies can more
effectively monitor and manage their environmental impacts. Monitoring and reporting technologies used in
TM allow companies to ensure that their operations comply with regulations, reducing the risk of penalties and
enhancing their environmental reputation (Berry & Rondinelli, 1998).

5.2. Managerial implications

The first managerial implication relates to the impact of Technology Management (TM) on Corporate
Sustainability Performance (CSP). TM significantly enhances CSP by driving operational efficiency through advanced
technologies, such as automation, energy management systems, and 1T solutions. These technologies enable
real-time monitoring, which helps companies optimize processes, reduce energy consumption, and minimize
emissions. As (Masudin, Restuputri, Amalia, & Oktiarso) highlight, the adoption of smart technologies results
in improved energy efficiency and environmental performance. Companies implementing TM can also enhance
their waste management systems through clean production technologies, which reduce waste and resource use,
contributing to better environmental sustainability (Shaheen et al., 2022).

The second implication highlights how TQM influences CSP by focusing on comprehensive quality improvement.
TQM fosters operational efficiency by utilizing principles like Six Sigma and Lean Manufacturing to eliminate
waste and streamline processes. Gholami et al. (2021) demonstrated that these methods help companies reduce
energy consumption and waste, leading to improved environmental performance. Additionally, TQM promotes full
employee engagement in quality improvement, which encourages sustainability initiatives across the organization.
Companies that incorporate high employee involvement in TQM efforts report improved social performance and
increased customer satisfaction through sustainable business practices (Abbas, 2020).

Lastly, the third implication addresses the relationship between TM and TQM. TM provides the technological
foundation that enhances the effectiveness of TQM by improving data collection, process efficiency, and
innovation. Automation and real-time monitoring help reduce variability and improve product quality, which
is central to TQM principles (Dutta et al., 2021). TM’s data-driven tools support fact-based decision-making, a
key aspect of TQM, allowing companies to swiftly address quality issues (Tisha, 2022). Furthermore, TM fosters
innovation, enabling companies to develop high-quality products and improve processes, which strengthens
TQM initiatives and promotes a culture of continuous improvement (Antunes et al., 2021).

5.3. Theoretical contributions

The findings reveal significant theoretical implications for understanding how Technology management
(TM) and TQM influence Corporate Sustainability Performance (CSP) in SMEs. TM impacts CSP by enhancing
operational efficiency through the adoption of advanced technologies such as energy management systems
and automation, which reduce waste and emissions while optimizing production processes. For instance,
technologies like real-time energy monitoring can substantially cut energy consumption and greenhouse gas
emissions, aligning with findings by Kumar et al. (2016) that highlight the environmental benefits of smart
technologies. Moreover, TM’s role in integrating waste treatment and clean production technologies further
supports improved environmental performance (Wong et al., 2012). This underscores the potential of TM to
drive sustainability through technology-driven improvements in efficiency and reduced environmental impact.

On the other hand, TQM’s impact on CSP is facilitated through its emphasis on continuous quality improvement,
waste elimination, and full employee involvement. TQM practices, such as Six Sigma and Lean Manufacturing,
enhance operational efficiency and foster a culture of quality that contributes to better environmental
performance. Research by Permana et al. (2021) supports the notion that TQM reduces waste and variability,
enhancing environmental outcomes. Its focus on employee engagement and customer satisfaction strengthens
sustainability efforts. The integration of TQM principles with TM technologies can enhance operational efficiency
and strengthen CSP by aligning continuous improvement efforts with technological advancements (Tasleem et al.,
2019). This combined approach highlights the critical role of integrating quality management practices with
technological solutions to achieve superior sustainability performance in SMEs.
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6. Conclusion

This research demonstrates that Technology Management (TM) exerts a profound and multifaceted influence
on Corporate Sustainability Performance (CSP), with Total Quality Management (TQM) serving as a critical
moderating factor in this relationship. The empirical findings of the study reveal that TM significantly contributes
to CSP by facilitating the adoption and integration of advanced technologies that enhance operational efficiency,
minimize resource consumption, and support the development of environmentally friendly innovations. Specific
technologies such as energy management systems, clean production techniques, and digital monitoring tools play
a pivotal role in streamlining industrial processes while concurrently reducing carbon emissions, waste, and other
negative environmental externalities. By promoting process optimization and innovation, TM not only delivers
environmental benefits but also strengthens an organization’s ability to meet evolving regulatory standards and
stakeholder expectations. Moreover, TM supports the development of robust environmental management systems
and compliance frameworks, enabling firms to monitor, report, and improve their sustainability performance
proactively. These technological advancements collectively create a foundation for sustainable value creation,
positioning TM as an indispensable element in contemporary sustainability strategies.

TQM, when integrated with TM, further amplifies these positive outcomes by institutionalizing a culture of
continuous improvement, employee empowerment, and customer-oriented quality enhancement throughout the
organization. The principles of TQM—such as waste reduction, process standardization, data-driven decision-
making, and stakeholder engagement—complement and reinforce the innovations introduced through TM. This
synergy enables firms to maximize the efficiency and effectiveness of their technological investments while
ensuring that sustainability goals are embedded in the organizational fabric. For instance, the use of real-time
data analytics and performance metrics enabled by TM can inform TQM initiatives, resulting in more responsive
and agile management practices. TQM also fosters cross-functional collaboration and employee involvement,
which are essential for sustaining the behavioral and cultural shifts required to implement technology-driven
sustainability measures successfully. Consequently, the integration of TQM and TM forms a holistic and strategic
approach to sustainable development, empowering firms to achieve competitive advantage while addressing
environmental and social responsibilities. This study thus underscores the value of aligning quality and technology
management practices as a means to drive long-term sustainable performance across manufacturing enterprises.

While this study employs Partial Least Squares Structural Equation Modeling (PLS-SEM) due to its suitability
for complex models and predictive analysis, it is not without limitations. One key limitation is that PLS-SEM is
primarily variance-based and optimized for prediction rather than theory testing, which may affect the robustness
of causal inferences. Additionally, PLS-SEM does not provide global goodness-of-fit indices comparable to
those available in covariance-based SEM (CB-SEM), potentially limiting the ability to assess overall model fit
comprehensively. Another concern is its sensitivity to measurement error and reliance on large sample sizes for
stable path estimates. Given these limitations, future research could consider using CB-SEM when the primary
objective is theory confirmation and when data meet the assumptions of normality. Moreover, alternative
approaches such as Bayesian SEM or multi-group analysis could offer deeper insights into model robustness
and allow for a more nuanced examination of context-specific differences. Combining SEM techniques with
qualitative methods or longitudinal data could also enhance the depth and reliability of findings in future studies.

Data availability

Research data is only available upon request.
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