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ABSTRACT
The rapid advancement of Industry 4.0 technologies has transformed manufacturing operations and created new opportunities for organisations to achieve sustainable manufacturing performance. However, many manufacturing firms continue to experience difficulties in translating technology strategy into meaningful economic, environmental, and social outcomes, highlighting the need for a more integrated understanding of the mechanisms underlying this relationship. This conceptual paper aims to develop a comprehensive framework that explains how multidimensional technology strategy influences sustainable manufacturing performance through the mediating role of leadership style. The framework is developed through a systematic literature review of peer-reviewed SCOPUS-indexed journal articles published between 2014 and 2025. Relevant studies were identified, screened, and synthesised using a narrative approach, with the Resource-Based View (RBV), the Technology–Organisation–Environment (TOE) framework, and leadership theory providing the theoretical foundation for interpreting the relationships among the constructs. The review identifies eight key dimensions of technology strategy, namely pioneer–follower posture, technological investments, intensity of product upgrades, product and process technologies, manufacturing system and process design technologies, process innovations, digital manufacturing technologies, and microfactories, as important strategic capabilities for improving sustainable manufacturing performance. The literature further suggests that transformational and digital leadership strengthen this relationship by facilitating the alignment of technological capabilities with organisational objectives and sustainability initiatives. The proposed framework integrates previously fragmented perspectives into a coherent model, offering a clearer explanation of how technology strategy can contribute to sustainable manufacturing performance. It provides a theoretical basis for future empirical validation and offers practical insights for manufacturing organisations and policymakers seeking to strengthen sustainability through effective technology strategies and leadership in the era of Industry 4.0.
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1.  INTRODUCTION 

The emergence of Industry 4.0 has fundamentally transformed global manufacturing systems through advanced technologies such as artificial intelligence, big data analytics, cyber-physical systems, robotics, cloud computing, and the Internet of Things (Vial, 2019; Xu et al., 2018). These technologies enhance productivity, automation, and real-time decision-making capabilities, thereby reshaping manufacturing competitiveness.
Despite these advancements, the translation of Industry 4.0 adoption into sustainable manufacturing performance remains inconsistent, particularly in emerging economies such as Malaysia (Müller et al., 2018). Many firms adopt technologies in a fragmented manner without strategic alignment, leading to inefficiencies and underutilisation of digital capabilities.
Sustainable manufacturing performance requires integration of economic, environmental, and social dimensions (Elkington, 1997). However, existing literature has largely examined technology adoption, leadership, and sustainability separately, resulting in fragmented understanding. Therefore, this study proposes an Integrated Technology Strategy Framework that links multidimensional technology strategy to sustainability outcomes through leadership mediation.

2. RESEARCH OBJECTIVES

The objectives of this conceptual paper are to develop an integrated framework linking technology strategy to sustainable manufacturing performance, to examine the role of leadership style in influencing the relationship between technology strategy and sustainability outcomes, and to investigate the mediating effect of leadership style in translating technology strategy into sustainable manufacturing performance within Industry 4.0 contexts.

3. LITERATURE REVIEW 

The Resource-Based View (RBV) posits that firms achieve sustained competitive advantage through the development and deployment of resources that are valuable, rare, inimitable, and non-substitutable (Barney, 1991). Within the manufacturing context, technological capability is increasingly recognised as a critical strategic resource that enables firms to enhance productivity, innovation, and operational efficiency. However, technological resources alone are insufficient unless they are effectively combined with organisational capabilities and leadership competencies. Leadership, in particular, plays a central role in ensuring that technological resources are strategically aligned with organisational objectives and sustainability goals. In this sense, both technological capability and leadership are considered key drivers of superior firm performance, especially in environments characterised by rapid technological change such as Industry 4.0.

The Technology–Organisation–Environment (TOE) framework provides a complementary perspective by explaining technology adoption through three contextual dimensions, namely technological readiness, organisational capability, and environmental pressure (Tornatzky & Fleischer, 1990). Technological readiness refers to the availability and compatibility of advanced technologies within the firm, while organisational capability reflects internal resources, managerial support, and structural readiness to adopt innovation. Environmental pressure, on the other hand, includes competitive forces, regulatory requirements, and market dynamics that encourage firms to adopt advanced technologies. In Industry 4.0 research, TOE has been widely used to explain why firms adopt digital technologies and how organisational and environmental contexts influence adoption behaviour (Luthra et al., 2016). Nevertheless, TOE primarily focuses on adoption determinants and does not fully explain how technology adoption translates into long-term sustainability outcomes.

Leadership theory further extends this understanding by emphasising the role of leaders in driving organisational transformation and innovation. Transformational leadership is particularly important in dynamic technological environments as it fosters vision sharing, employee motivation, and change readiness. Digital leadership, on the other hand, focuses on leveraging digital technologies to enhance strategic decision-making, operational efficiency, and organisational agility. In the context of Industry 4.0, leadership ensures that technological investments are not implemented in isolation but are embedded within broader organisational strategies. As highlighted by Vial (2019), effective leadership is essential in bridging the gap between digital transformation initiatives and organisational performance outcomes.

Technology strategy in manufacturing is a multidimensional construct that significantly influences sustainability performance. One important dimension is pioneer–follower strategic posture, where pioneer firms adopt emerging technologies early to gain first-mover advantages, while follower firms adopt a more cautious approach by learning from early adopters. Pioneer strategies are associated with higher innovation potential but also greater risk exposure, whereas follower strategies tend to reduce uncertainty but may limit innovation speed (Frank et al., 2019). Another key dimension is technological investment, which refers to the allocation of financial and organisational resources toward advanced manufacturing technologies. Such investments enhance operational efficiency, reduce production waste, and improve environmental performance, thereby contributing directly to sustainability outcomes (Bai & Sarkis, 2020).

The intensity of product upgrades represents the frequency and extent of improvements made to existing products, reflecting a firm’s innovation capability and responsiveness to market demands. Higher upgrade intensity improves product lifecycle efficiency and reduces environmental impact by ensuring continuous improvement and replacement of outdated designs (Nunes et al., 2020). Similarly, product and process technologies contribute to improved manufacturing performance by enhancing production precision, reducing defect rates, and minimising resource consumption, which ultimately leads to lower emissions and higher efficiency (Stock & Seliger, 2016).

Manufacturing system and process design technologies further enhance operational flexibility and resource optimisation. These systems, including flexible manufacturing systems and integrated production designs, allow firms to adapt quickly to changing market demands while maintaining efficiency. Process innovations, on the other hand, enable firms to adopt cleaner production methods, reduce waste generation, and improve overall operational sustainability (Dubey et al., 2019). These innovations are particularly important in supporting long-term environmental sustainability goals.

Digital manufacturing technologies such as the Internet of Things (IoT), artificial intelligence (AI), and big data analytics have become central components of modern manufacturing systems. These technologies enable real-time data collection, predictive analytics, and intelligent decision-making, thereby improving operational efficiency and sustainability performance (Wang et al., 2016). In addition, microfactories represent a new paradigm of decentralised and flexible manufacturing systems that reduce transportation requirements, energy consumption, and environmental impact. By enabling localised production, microfactories support more sustainable and resilient manufacturing ecosystems (Javaid et al., 2022).

Finally, sustainable manufacturing performance is conceptualised based on the triple bottom line framework, which includes economic, environmental, and social dimensions (Elkington, 1997). Economic performance refers to profitability, productivity, and cost efficiency, while environmental performance focuses on resource efficiency, emissions reduction, and waste minimisation. Social performance includes employee well-being, workplace safety, and broader societal impact. The integration of these three dimensions reflects the holistic nature of sustainability in modern manufacturing systems, where firms are expected to achieve financial success while simultaneously minimising environmental harm and contributing positively to society.

4. RESEARCH METHODOLOGY 

This study adopts a systematic literature review (SLR) approach to develop an integrated conceptual framework linking technology strategy, leadership style, and sustainable manufacturing performance. The review was conducted using SCOPUS-indexed journal articles to ensure the inclusion of high-quality and peer-reviewed academic sources. The search strategy utilised keywords such as “Industry 4.0”, “technology strategy”, “digital manufacturing”, “sustainable manufacturing”, and “leadership style”, covering publications between 2014 and 2025.
The selection of studies followed predefined inclusion and exclusion criteria. Only peer-reviewed journal articles focusing on manufacturing, digital transformation, sustainability, and leadership were included, while non-academic sources, duplicated studies, and irrelevant sectors were excluded. After screening, relevant articles were selected for detailed analysis.
A systematic synthesis approach was then applied to analyse the literature. Instead of statistical or qualitative coding techniques, this study employed narrative synthesis to identify and compare key findings across studies. The analysis focused on extracting recurring concepts, patterns, and relationships related to technology strategy dimensions, leadership roles, and sustainable manufacturing outcomes. Through cross-study comparison, the key constructs were grouped into conceptual categories representing different dimensions of technology strategy and sustainability performance.
The synthesis process was guided by established theoretical frameworks, namely the Resource-Based View (RBV), Technology–Organisation–Environment (TOE) framework, and leadership theory. These theories provided a structured lens for interpreting the literature and developing an integrated conceptual framework. The outcome of this process is a theoretically grounded model explaining how technology strategy influences sustainable manufacturing performance through the mediating role of leadership style.

5. RESEARCH FINDINGS 

The synthesis of the literature indicates that technology strategy is a multidimensional construct that plays a significant role in shaping sustainable manufacturing performance. Across the reviewed studies, various dimensions of technology strategy, including technological investments, digital manufacturing systems, and process innovations, are consistently associated with improvements in operational efficiency and sustainability outcomes (Bai & Sarkis, 2020; Ghobakhloo, 2020). However, the strength of these relationships varies across organisational contexts, particularly depending on levels of technological readiness and managerial capability.

The comparative analysis of studies further suggests that certain dimensions of technology strategy, particularly digital manufacturing technologies and microfactory systems, are more strongly associated with environmental sustainability outcomes. These technologies enable real-time monitoring, decentralised production, and resource optimisation, which collectively contribute to reduced environmental impact and improved operational efficiency (Javaid et al., 2022). Nevertheless, the literature also indicates that the effectiveness of these technologies is contingent upon organisational support and strategic alignment.

In addition, leadership style emerges across the literature as a critical organisational factor influencing the successful implementation of technology strategy. Transformational leadership is consistently associated with fostering innovation culture, employee engagement, and organisational adaptability, while digital leadership supports the integration and utilisation of Industry 4.0 technologies within manufacturing systems (Vial, 2019). These leadership capabilities are repeatedly highlighted as essential enablers of digital transformation.

Based on the synthesis, leadership style is conceptually proposed to mediate the relationship between technology strategy and sustainable manufacturing performance. This is because leadership facilitates alignment between technological capabilities and organisational objectives, ensuring that technological investments are effectively translated into sustainability outcomes. Without appropriate leadership support, the potential benefits of technology adoption may remain underutilised.

Overall, the findings from the systematic literature synthesis support the development of an integrated conceptual framework in which technology strategy influences sustainable manufacturing performance both directly and indirectly through leadership style as a mediating mechanism.

6. CONCLUSION 

This conceptual paper develops an integrated framework linking technology strategy, leadership style, and sustainable manufacturing performance within the context of Industry 4.0. The study demonstrates that technology strategy alone is insufficient to achieve sustainable manufacturing outcomes, as its effectiveness depends on the presence of appropriate leadership capabilities. Leadership is therefore conceptualised as a critical mechanism that enables the alignment of technological initiatives with organisational strategies and sustainability objectives.

By integrating the Resource-Based View (RBV), Technology–Organisation–Environment (TOE) framework, and leadership theory, this study contributes to a more holistic understanding of how technological and organisational factors jointly influence sustainability performance. The proposed framework addresses the fragmentation in existing literature by consolidating multiple dimensions of technology strategy into a unified model with leadership as a mediating construct.
From a practical perspective, the study provides guidance for manufacturing firms in leveraging Industry 4.0 technologies to achieve balanced economic, environmental, and social outcomes. The framework also offers strategic insights for policymakers in supporting digital transformation initiatives that promote sustainable industrial development. Future research is recommended to empirically validate the proposed relationships using quantitative methods such as structural equation modelling (SEM) to test the robustness of the conceptual framework.
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