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1. Introduction
Sustainability is widely known as an umbrella concept incorporating economic, social, and environmental dimensions and has become a key priority in businesses to drive long-term success and value creation (Mahroof et al., 2022). Technological developments in recent years have intensified the interactions among the pillars of sustainability (Küçükaltan, 2020). Yet, in today’s increasingly complex and dynamic supply chain context, sustainability extends beyond economic performance and environmental protection to include broader considerations such as social welfare, human rights, and ethical working conditions (Sadia et al., 2024). Among these dimensions, the social perspective, captured within the concept of social sustainability, has historically been overshadowed by economic and environmental concerns. More recently, however, it has emerged as a critical factor directly influencing supply chain performance and resilience (Zimmermann et al., 2025). Some issues in the social perspective, such as modern slavery, child labor, and unsafe working conditions, particularly prevalent in manufacturing centers within developing economies, are no longer viewed solely as ethical concerns but also as significant sources of reputational and operational risk for firms operating in global supply chains (Jabbour et al., 2024). In response, regulatory initiatives, such as Germany’s Supply Chain Act, have intensified accountability pressures by holding firms responsible not only for their own operations but also for the practices of actors across their supply chains (Winkelmann et al., 2024).
Despite some progress in auditing first-tier suppliers, visibility and access to reliable information decline substantially in deeper tiers of multi-layered supply chains (Zimmermann et al., 2025). This challenge is particularly pronounced in complex and geographically dispersed sectors, such as textiles and apparel, where traceability to raw material sources remains extremely difficult and information asymmetry is widespread. As a result, the literature identifies a phenomenon often referred to as “selective” or “skewed transparency”, whereby firms disclose favorable aspects of their supply chains while obscuring high-risk stages (Colombage & Sedera, 2025). Traditional audit-based approaches have proven insufficient in addressing these limitations, as they struggle to harmonize standards across fragmented supply networks and frequently generate inefficiencies (Wang et al., 2023).
Against this backdrop, Industry 4.0 technologies, especially blockchain, the Internet of Things (IoT), and artificial intelligence (AI), offer transformative potential for strengthening social sustainability and reducing information asymmetry in supply chains (Sadia et al., 2024). Blockchain, in particular, can mitigate trust-related challenges by enabling immutable and transparent data recording, thereby facilitating compliance and accountability across multi-tier supply chain structures (Wang et al., 2023). More broadly, digital technologies function not only as inspection or integration tools capable of detecting process irregularities, but also as mechanisms that support economic sustainability and contribute to broader social well-being (Dey et al., 2022). By enabling a “single source of truth” across supply chain actors, these technologies enhance data integrity and coordination throughout the network (Colombage & Sedera, 2025).
This study therefore aims to examine the impact of supply chain technologies on social sustainability within a contemporary value-creation paradigm. Unlike prior research that primarily frames digital transformation in terms of operational efficiency, this study conceptualizes technology as a critical instrument for addressing concealed human rights violations—such as modern slavery and child labor—that often persist in the deeper layers of global supply chains. Specifically, it investigates how digital technologies enhance corporate transparency, help resolve the visibility paradox inherent in multi-tier supply chains and strengthen firms’ capacity to manage reputational risk strategically. In doing so, the study positions technology not merely as an operational enabler, but as both a normative signal of corporate social responsibility (CSR) commitments to stakeholders and an effective governance mechanism that reinforces accountability and ethical supply chain management.

2. Literature Review and Theoretical Framework
This section presents the Dynamic Capabilities Perspective, Signal Theory, Agency Theory, and Complementarity Theory as theoretical frameworks to explain the impact of supply chain technologies on social sustainability. These theoretical approaches argue that technology is not merely an operational tool but also builds a structure that enhances companies' capacity to adapt to environmental uncertainties while facilitating the establishment of secure and formal relationships with stakeholders. This creates a strategic mechanism that improves corporate decision-making processes by reducing managerial asymmetries.
2.1. Methodological Approach & Theory Selection
The study adopts structured literature review and conceptual framework development methods to examine the relationship between supply chain technologies and social sustainability. The primary objective of the research is to uncover technological solution mechanisms for human rights violations (e.g. modern slavery and child labor) that are often hidden. To this end, a transparent search strategy was followed using high-impact databases such as Web of Science and Scopus. Reflecting the topicality of the subject, the research scope included 33 key sources focusing on the period 2018-2025 and containing the keywords Social Sustainability, Modern Slavery, Child Labor, Supply Chain Visibility, and Digital Transformation. The prevalence of studies published in 2024 and 2025 (Arhinful et al., 2025; Colombage & Sedera, 2025; Zimmermann et al., 2025) is particularly important in capturing the rapidly changing nature of technology and the impact of new legal regulations. The literature review shows that the theories used to explain social sustainability issues are diverse and there is still no consensus in the literature on how to detect hidden violations. To fill this gap and explain the theoretical basis of the study, seven dominant theories in the field were subjected to a systematic benchmarking, as illustrated in Table 1.

Table 1. Comparing Relevant Theories for Digital Social Sustainability
	Theory
	Primary Focus
	View of Technology
	Limitation in the Context of This Study
	Rationale for Inclusion or Exclusion

	Agency Theory
	Conflict of Interest and Control
	A mechanism that reduces monitoring costs and mitigates moral hazard.
	It focuses primarily on “control” and focuses narrowly on shareholders (principal-agent) by overlooking broader stakeholders (employees, community) and neglecting systemic societal barriers.

	Selected (Governance): It can reveal suppliers' hidden actions, such as child labor, and demonstrate how technology can serve as a monitoring mechanism (Chaudhuri et al., 2023; Lotfi & Pisa, 2024).

	Signaling Theory
	Information Asymmetry and Communication
	A tool for sending credible signals of ethical behavior to the market.
	It focuses on communication, neglecting how risk is managed operationally.
	Selected (Market): It is necessary to explain how compliant companies differentiate themselves from those engaging in greenwashing and build their reputation (Arhinful et al., 2025; Colombage & Sedera, 2025).

	Dynamic Capabilities (DC) Theory
	Adaptation and Sensing
	The capability to sense risks (via AI/Big Data) and seize emerging opportunities.

	It focuses on internal capabilities, neglecting the power dynamics between buyer and supplier.
	Selected (Operational): It is important to explain how companies use resources (e.g. AI) and capabilities to detect complex risks such as modern slavery (the mechanism) (Meier et al., 2023; Benzidia et al., 2021).

	Resource-Based View (RBV)
	Internal Competencies and Advantages
	A strategic resource that provides competitive advantage (VRIN).
	It explains the “profit/performance” relationship from a tangible perspective, but neglecting complex, intangible social factors (e.g. stakeholder relations, ethical culture, community impact,  and “fraud/cheating” issues) at lower levels.
	Not Selected (Primarily): Although used for performance by Green et al. (2019), it has been deemed insufficient for explaining “trust gaps” and “blind spots” in multi-tiered chains.

	Stakeholder Theory
	Stakeholder Pressure and Balancing
	A means of addressing stakeholders’ (e.g. NGOs, customers) information demands.
	It explains the source of pressure but neglects how the problem can be solved.
	Not Selected: Although used by Liu et al. (2025) and Li et al. (2025) to explain the pressure element, this theory focuses on the “political pressure” process rather than the “disclosure of hidden information” process.

	Institutional Theory
	Legitimacy and Isomorphism (Mimicry)
	A mechanism for gaining legitimacy through compliance with laws and institutional norms.
	It explains why companies adopt technology (intent) but neglects operational risk management.
	Not Selected: This theory is used in social sustainability studies to largely answer the question: Why is there a shift to a circular economy? This study, however, is based on “observation and action”

	Transaction Cost Economics (TCE)
	Cost Minimization
	A way to reduce search and contracting costs.
	It primarily frames social problems as economic “costs” but does not sufficiently emphasize the moral legitimacy and normative dimensions of social sustainability.
	Not Selected: It treats social cohesion as a cost that must be minimized. However, modern slavery is seen not only as a cost but also as a crisis of legitimacy.



As detailed in Table 1, some widely used theories (e.g. RBV) provide important insights into internal operational efficiency and competitive advantage (Green et al., 2019), but they fail to explain the antagonistic nature of buyer-supplier relationships in social sustainability. RBV does not explicitly address the risks of deception or hidden information prevalent in global supply chains, assuming that resources are heterogeneous. As emphasized by Zimmermann et al. (2025), the fundamental challenge in social sustainability is not merely possessing resources but illuminating the dark spots where violations occur. Similarly, Stakeholder Theory and Institutional Theory, while prevalent in the social sustainability literature (Liu et al., 2025; Mensah et al., 2024), primarily address the ‘why’ (drivers) of sustainability adoption. In contrast, to complement the drawbacks of these theories, this study focuses on how hidden violations such as modern slavery can be detected.
2.2 Dynamic Capabilities Perspective: Technology as a Strategic Resource
The dynamic capabilities view (DCV) defines internal and external competencies of businesses as the ability to adapt, develop, and restructure to adjust to rapidly changing environmental conditions (Kucukaltan, 2022). In the context of sustainable supply chain management, technology is seen as a high-level DC that enables businesses to sense and seize opportunities and restructure their processes according to changing requirements. In this regard, blockchain technology (BCT) provides an important infrastructure that increases traceability in supply chains (Karakas et al., 2024; Kucukaltan et al., 2024), enabling businesses to monitor inventory flows more effectively and identify sustainability risks at an early stage (Meier et al., 2023). Social violations such as child labor or modern slavery, which lie deep within the supply chain, are complex situations that are extremely difficult to detect using traditional audit or monitoring methods. At this point, AI and big data analytics empower companies with the ability to scan and detect such unethical practices in real time, enabling proactive risk management (Lotfi & Pisa, 2024; Meier et al., 2023)
According to the DC perspective, technology not only enables the identification of risks but also facilitates the development of effective strategic responses (Meier et al., 2023; Benzidia et al., 2021). From this point forth, businesses gain the capacity to evaluate sustainability opportunities more quickly due to their digital data collection (Benzidia et al., 2021; Li et al., 2025). For example, when social incompatibility or ethical violations are detected in the supply chain, companies can intervene immediately and strengthen their restructuring capabilities by redesigning processes according to needs or transforming collaboration models with stakeholders through technological infrastructure (Benzidia et al., 2021; Zutshi et al, 2009). This transformation not only increases operational efficiency but also enables companies to turn their sustainability performance into a strategic competitive advantage (Li et al., 2025).
However, it is essential to strike a balance between leveraging the innovative potential of technology and efficiently managing existing processes. This is precisely where the concept of supply chain duality comes into play, which refers to balancing long-term strategy with daily operations by considering the upstream (e.g. suppliers) and the downstream (e.g. customers) together. Therefore, businesses should be able to both explore new opportunities and utilize their existing capabilities. Striking a balance between relational social capital and technological integration not only strengthens innovation potential of businesses, but also help them develop their digital production capabilities and achieve their social sustainability goals (Benzidia et al., 2021).
2.3. Signal Theory and Business Reputation with a True Level of Social Responsibility
Signal theory, based on Spence's (1973) work, addresses information asymmetry in supply chains where stakeholders cannot directly observe a true level of social responsibility. In this regard, high-performing suppliers face the challenge of distinguishing themselves from misleading competitors who may engage in blind promises or greenwashing. To eliminate this reputation problem, the ability to identify and manage sustainability-related risks becomes a critical mechanism through which organizations can translate abstract ethical claims into credible, observable signals that reduce information asymmetry across supply chains. Therefore, businesses should communicate observable and reliable signals that demonstrate their competence and ethical commitments (Reinerth et al., 2019). According to Jabbour et al. (2024), the adoption of sustainability risk identification practices serves as a primary signal that the company is not only making verbal commitments but is also actively managing social risks.
Traditionally, businesses have relied on disclosure-based signals such as sustainability reports. However, in an era where manual verification of performance is difficult, digital technologies (e.g. blockchain, IoT) are emerging as critical tools for enhancing the reliability of signals. Unlike traditional reporting, which can be subjective, blockchain-based systems empirically guarantee the reliability of the transmitted signal by making the data tamper-proof (Wang et al., 2023). This technological infrastructure transforms social sustainability claims into a normative signaling function, proving that a business’s commitments are backed by immutable, backward-traceable data rather than empty promises (Jabbour et al., 2024).
However, the literature warns that technology does not automatically create a flawless signal. Colombage and Sedera (2025) introduced the concept of distorted transparency, noting that businesses may digitalize only the well-performing parts of their supply chains while leaving risky areas out. In such cases, technology risks becoming a stage for selected data rather than a mechanism that fully reflects reality. Therefore, for technology to function as an effective signaling mechanism, it must be comprehensive and supported by autonomous controls to avoid creating a false sense of security (Dey et al., 2022).
In this context, signal theory conceptualizes the integration of digital technologies as a strategic asset that goes beyond mere data sharing. For this reason, tools such as blockchain and AI transform social sustainability claims from unverifiable statements into concrete and reliable reputation assets. Technology functions as a mechanism for corporate legitimacy by automating screening processes and providing evidence-based transparency, particularly on critical issues such as child labor. This enables buyers to identify and select truly sustainable partners in an uncertain market environment.
2.4. Agency Theory 
Agency theory is a fundamental approach that examines conflicts of interest and information asymmetry that may arise when the buyer authorizes the supplier to carry out the work in supply chain management. In the context of social sustainability, the misalignment of objectives between global brands (principals) and lower-tier suppliers (agents) forms the basis of classic agency problems. While the buyer firm demands that the supplier fully complies with ethical standards and workers' rights, the supplier firm operates from the perspective of maximizing its own profits under cost pressure. This situation creates an environment where suppliers may compromise on worker safety or fair wages, acting contrary to the buyer company's interests (Chaudhuri et al., 2023).
The multi-layered and geographically dispersed structure of supply chains limits the buyer company's ability to control its agents and creates a high level of information asymmetry. This asymmetry is defined in the literature as moral hazard. In other words, suppliers can mislead the buyer company by concealing their risky or unethical practices. Traditional control mechanisms cause suppliers to appear to comply with rules only at the time of inspection, creating an illusion known as distorted transparency or selective transparency (Colombage and Sedera, 2025). In this scenario, suppliers tend to share the well-performing parts of the chain while not reflecting the realities of the risky stages.
The deepening of this structural problem leads to the formation of blind spots in the lower tiers of the supply chain that are invisible to the buyer company, restricting access to information. The inability of traditional methods to resolve this visibility paradox results in high agency costs for companies (Zimmermann et al., 2025). Buyer companies are forced to endure costly audit processes to verify whether suppliers are complying with the rules. In addition, manual audits may not fully resolve the trust gap between principal and agent because they are susceptible to data manipulation (Chaudhuri et al., 2023).
At this point, digital technologies, such as BCT and IoT, emerge as powerful corporate infrastructures that reduce the control costs identified by agency theory and increase transparency. More particularly, BCT enables transactions to be recorded in an immutable ledger, preventing data from being manipulated by a single authority (Wang et al., 2023). This single source of truth provided by the technology establishes a data-driven mechanism that strengthens the buyer's oversight of suppliers, thereby reducing social misalignment risks. In this way, digitalization minimizes agency problems by transforming supply chain relationships from an uncertain, trust-based structure to a transparent and auditable governance model (Colombage and Sedera, 2025; Chaudhuri et al., 2023).
2.5. Review of Recent Studies 
In this study, a targeted literature review was conducted to identify related studies at the intersection of supply chain management, digital technologies, and social sustainability. In this regard, two prominent academic databases, namely Web of Science and Scopus, were utilized. In our structured literature review, searches were based on combinations of the following keywords: social sustainability, supply chain visibility, blockchain, agency theory, and signaling theory. To capture the most recent theoretical and technological developments in the literature, priority was given to articles published between 2019 and 2025 with a high impact factor during the review process. Table 2 presents the key studies revealed from these searches and summarizes their main focus areas and findings.
Table 2. Literature Review
	[bookmark: _Hlk218948417]Author(s) and Year
	The Purpose of the Study
	The Finding of the Study

	Green et al., (2019)
	The aim of this study is to reveal the relationship between operational strategies such as Just-in-Time Production (JIT), Total Quality Management (TQM), and Green Supply Chain Management (GSCM), and especially their complementary effects.
	According to the study, the relevant strategies are critical precursors to GSCM success and, when applied together rather than individually, create synergy and enhance performance.


	Reinerth et al., (2019)
	This study aims to examine how sustainability criteria are incorporated into supplier selection and supplier management processes.
	According to the study, an integrated framework is presented in which not only cost but also social and environmental criteria are weighted in supplier selection.

	Orji et al., (2020)
	This study aims to examine the critical success factors (CSF) related to the use of social media to support social sustainability in the Nigerian logistics sector.
	According to the study, customer satisfaction, privacy/security, and affordability are the most critical factors in technology adoption.

	Bai et al., (2021)
	The purpose of this study is to develop a systematic group decision support approach that can be integrated into supplier selection and evaluation processes to ensure social sustainability.
	According to the study, mathematical modeling of social criteria (job security, rights, etc.) enables a fairer and more effective supplier selection process.

	Benzidia et al., (2021)
	The purpose of this study is to systematically analyze the effects of Big Data and Artificial Intelligence (AI) technologies on Green Supply Chain Management applications and Organizational Ambidexterity capacity.
	According to the study, digital technologies increase companies' capacity to both maintain current efficiency and innovate (dual capability).

	Dey et al., (2022)
	The purpose of this study is to systematically examine the applicability of blockchain technology in circular economy and waste management processes, the opportunities it provides, and the limitations encountered.
	According to the study, digital systems can create a “false sense of security” unless they are supported by physical verification mechanisms (autonomous controls).

	Ebrahimi et al., (2022)
	The objective of this study is to develop a green planning model that minimizes energy consumption and operational costs in cross-docking operations while prioritizing environmental sustainability.
	According to the study, it has been technically demonstrated that green planning can increase operational efficiency while minimizing energy consumption.

	Zhang and Song (2022)
	The purpose of this study is to systematically analyze the energy consumption and cost risks that arise during the integration of blockchain technology into the supply chain.
	According to the study, while blockchain provides transparency, it also consumes high amounts of energy, creating a trade-off between environmental and economic sustainability.

	Chaudhuri et al., (2023)
	The purpose of this study is to analyze the effects of green supply chain technologies on organizational performance and to reveal the regulatory role of environmental dynamism in this relationship.
	According to the study, the impact of technology on performance is not always direct, but depends on the company's innovation capability and environmental conditions.

	Chiwaridzo and Masengu (2023)
	The purpose of this study is to systematically examine the effects of technology adoption in small and medium-sized enterprises (SMEs) on the three fundamental dimensions of sustainability: economic, environmental, and social.
	According to the study, while technology increases economic and environmental sustainability, it has no statistically significant effect on social sustainability (the missing link).

	Meier et al., (2023)
	The purpose of this study is to systematically examine the use of Artificial Intelligence (AI) in sustainable supply chain management and its “Sensing” capability, defined as the technology's capacity to anticipate and manage environmental and social risks.
	According to the study, AI provides proactive sustainability management by identifying pre-contractual risks and opportunities.

	Nassani et al., (2023)
	The purpose of this study is to systematically analyze the interactions between social sustainability practices and governance mechanisms and human rights practices in the tourism and public sectors.
	According to the study, a human-centered approach and ethical governance mechanisms beyond technology are essential for success.

	Wang et al., (2023)
	The purpose of this study is to systematically analyze the effects of blockchain technology on security, traceability, and data integrity processes in supply chains.
	According to the study, despite technology reducing data manipulation, certification processes must be supported by physical controls.

	Zhao et al., (2023)
	The purpose of this study is to systematically examine the effects of digital transformation on companies' green innovation performance.
	According to the study, digitalization plays a fundamental “facilitating” role in triggering green innovation through information sharing and resource optimization.

	Hoyos et al., (2024)
	The purpose of this study is to develop a comprehensive framework and governance mechanisms that will enable the effective management of social sustainability in supply chains.
	According to the study, social sustainability should be managed not only through auditing but also through collaboration and supplier development programs.

	Colombage and Sedera (2025)
	The purpose of this study is to analyze the illusion of visibility created by blockchain technology in supply chains and to reveal the relationships between transparency and information asymmetry.
	According to the study, it has been warned that technology can turn into a “theater stage” by creating a “distorted transparency” where companies only share the data they want.

	Gu et al., (2025)
	The purpose of this study is to analyze the effects of integrating autonomous vehicles into the supply chain on social sustainability and to define applicable action categories in line with the emerging effects.
	According to the study, the concept of “reputation” has been presented as a new social indicator, and eight categories of managerial actions have been developed.



A review of the current literature summarized in Table 2 leads to three critical conclusions regarding the evolution of digital supply chain research and its current shortcomings:
· Environmental Focus and the Secondary Position of the Social Dimension: A significant portion of current studies (e.g. Green et al., 2018; Ebrahimi et al., 2022; Zhao et al., 2023) examine the effects of digitalization on sustainable supply chain by considering green supply chain management (GSCM), energy consumption, and carbon emissions. As shown in Table 2, when establishing the relationship between technology and sustainability, social dimensions such as workers' rights and fair management are often placed in the secondary position. 
· Transition from Technological Optimism to a Critical Perspective: While early studies presented digitalization as a seamless solution, studies from 2022 onwards seem to adopt a more critical tone. Dey et al. (2022) and Wang et al. (2023) particularly pointed out that technologies such as blockchain can create a false sense of security unless they are supported by physical verification mechanisms. More importantly, Colombage and Sedera (2025) emphasize that the technology can be turned into a stage where companies only share the data they want, giving rise to the concept of “distorted transparency”. These findings clearly indicate that the mere existence of technology is not sufficient to resolve social risks; it must be supported by appropriate governance mechanisms.
· Theoretical Integration Gap: When examining the studies (Reinerth et al., 2019; Bai et al., 2021), it is noted that mathematical models are widely used for supplier selection and sustainability, but there are limited multi-theoretical approaches that comprehensively explain the relationship between social risk management and corporate reputation management or CSR. Although Meier et al. (2023) underlined the ability of AI to “sense” risks, how this technology resolves the trust issue between principal and agent has not been sufficiently explained theoretically.
In light of these conclusions drawn from Table 1 and Table 2, it becomes evident that there is a need in the extant literature for a study that focuses on the neglected social dimension of sustainability, treats technology not merely as a tool but as a control mechanism to prevent the illusion of transparency, as pointed out by Colombage and Sedera (2025), and explains this process using Agency and Signaling theories. Therefore, this study aims to fill this gap by reconceptualizing the social sustainability mechanism, defined as the missing link by Chiwaridzo and Masengu (2023), through digital technologies.
3. Technology as an Enabler of Social Sustainability
Social sustainability in global supply chains has traditionally been regarded as a voluntary CSR activity left largely to the initiative of businesses. However, it has increasingly become a strategic necessity shaped by legal sanctions, regulatory frameworks, and growing stakeholder pressure (Winkelmann et al., 2024). In particular, the rising complexity and multi-layered nature of global supply chains reduces the visibility of social risks, thereby compelling companies to adopt more systematic and technology-driven approaches to identify and manage these risks. Thus, social sustainability extends beyond an ethical concern and emerges as a critical governance domain for maintaining corporate legitimacy, managing reputational risks, and sustaining long-term competitive advantage. Accordingly, this section examines how Industry 4.0 technologies namely BCT, IoT, and AI systematically reduce information asymmetry in global supply chains, support legal compliance requirements in the realm of social sustainability, and evolve into strategic signaling mechanisms that enable firms to build trust and credibility among their stakeholders. Additionally, the section discusses how technology is positioned not only as a control and monitoring tool but also as a comprehensive management infrastructure that makes companies' social responsibility commitments visible and verifiable by also considering theoretical frameworks and application examples.
3.1. Technical Solution and Theoretical Basis: Elimination of Asymmetry and Single Source of Truth
As Chaudhuri et al. (2023) emphasized, the most fundamental structural problem of multi-tier supply chains is the profound information asymmetry between buying firms acting as principals and lower-tier suppliers acting as agents. Traditional audit mechanisms tend to exacerbate this asymmetry by creating an illusion of “skewed transparency” whereby suppliers comply with standards only at the time of inspection or strategically manipulate reported data (Colombage & Sedera, 2025). Within the framework of agency theory, this situation enables suppliers to conceal unsustainable practices, thereby giving rise to moral hazard and elevated agency costs (Chaudhuri et al., 2023). Technology possesses the potential to structurally transform this asymmetry. BCT, through its decentralized and cryptographic architecture, prevents data manipulation by a single authority and establishes a collectively agreed “single source of truth” for all supply chain stakeholders (Colombage & Sedera, 2025). The recording of data such as employee payments or working hours into an immutable and transparent ledger ensures data integrity even in trustless environments (Wang et al., 2023). Furthermore, automated inspection systems and IoT sensors enable the real-time collection of production-site data without human intervention, thereby eliminating biases inherent in manual reporting and rendering information flows more objective and reliable (Dey et al., 2022).
This study argues that digital technologies should be considered not only as a technical monitoring and reporting tool in supply chains, but also as an element of corporate transformation that redefines the governance structure. In particular, the continuous, decentralized, and immutable data flow offered by BCT and IoT-based systems has the potential to shift companies' social sustainability performance from an audit-focused ex post approach to a risk-preventive and learning-based ex ante governance model. This transformation enables buyer companies to position their suppliers not merely as compliant actors, but as strategic partners who jointly create value. However, realizing this potential depends not solely on the existence of technological infrastructure, but also on companies developing corporate cultures that genuinely internalize transparency and avoiding the use of digital systems as selective disclosure tools. Otherwise, the deployment of advanced technologies without robust governance principles risks creating a more sophisticated illusion of visibility rather than delivering structural improvement in social sustainability.
3.2. Strategic Dimension: Legal Compliance
This enhanced level of transparency provided by technology both enables businesses to improve their internal control mechanisms and operational processes, and serves as a strategic safeguard against legal, regulatory, and social pressures from the external environment. For instance, binding regulations such as the German Supply Chain Act hold businesses accountable not only for their direct activities but also for human rights violations occurring throughout their supply chains. Such regulatory frameworks make manually monitoring heterogeneous and sometimes contradictory standards in different countries an extremely costly, inefficient, and error-prone process for companies operating in multi-layered supply chains (Wang et al., 2023; Winkelmann et al., 2024).
In this context, blockchain-based smart contracts offer a systematic solution that integrates companies' legal compliance processes into corporate memory by automatically verifying certification status of suppliers, compliance with labor standards, and social sustainability criteria within a framework of predefined rules. Thus, companies can develop a proactive governance model that focuses on detecting and preventing violations before they occur, rather than a reactive risk management approach that intervenes after an event (Wang et al., 2023).
From a signal theory perspective, this technical competence stands out as a critical competitive factor that reduces the information asymmetry faced by companies and simultaneously transforms this asymmetry into a strategic advantage (Chaudhuri et al., 2023). Interacting natural stakeholders, particularly consumers and investors, cannot directly monitor the accuracy and consistency of the social responsibility and sustainability claims of companies; this creates a structural trust gap between companies and stakeholders.
At this point, technology-enabled transparency contributes to closing this gap by providing a reliable and verifiable "signal" about intentions and practices of companies (Jabbour et al., 2024). With the adoption of observable technologies, especially blockchain-based systems, companies can demonstrate that their sustainability commitments are not merely symbolic or rhetorical; rather, they are supported by immutable, backward-traceable, and unmanipulated data (Wang et al., 2023). In this regard, the "single source of truth" approach provided by BCT enhances the consistency and reliability of data generated throughout the supply chain, strengthening the quality and credibility of the signal conveyed to stakeholders (Colombage and Sedera, 2025).
As a result, this technology-enabled transparency mechanism significantly minimizes the “trust risk” faced by companies and positively shapes stakeholder perceptions, thereby becoming a strategic asset that strengthens corporate reputation (Zhang and Song, 2022; Jabbour et al., 2024). Accordingly, technology extends beyond merely being a tool for information generation or reporting, positioning technology as a fundamental governance mechanism that institutionalizes the trust relationship companies establish with their stakeholders and reinforces their competitive position. In this sense, technology-enabled transparency and signaling mechanisms not only strengthen companies’ voluntary sustainability commitments but also play a central role in meeting increasingly stringent legal and regulatory compliance requirements (Winkelmann et al., 2024). In particular, the German Supply Chain Act and similar regulatory frameworks require companies to systematically identify, monitor, and document social risks throughout their entire supply chains (Winkelmann et al., 2024; Wang et al., 2023). Under such conditions, the continuous and verifiable monitoring of sustainability performance through technology is no longer an optional managerial choice but has become an integral component of corporate governance structures (Jabbour et al., 2024). Within this regulatory environment, blockchain-based traceability systems and automated compliance mechanisms enable companies to reconceptualize legal compliance not as a burden limited to retrospective reporting activities, but as a forward-looking and preventive governance process (ex-ante governance) (Chaudhuri et al., 2023). From this point forth, technology functions simultaneously as a signal-generating mechanism that enhances stakeholder trust in the domain of social sustainability and as a corporate compliance infrastructure that mitigates regulatory risks (Colombage and Sedera, 2025). Consequently, this technology-enabled governance model allows companies to integrate legal compliance, reputation management, and long-term value creation within a holistic and coherent strategic framework (Sadia et al., 2024).
3.3. Integrated Value Creation: Complementarity and Duality
The contribution of technology to social sustainability cannot be evaluated independently or in isolation from existing management systems. On the contrary, when considered within the framework of complementarity theory, it becomes clear that digital tools create a much stronger effect when used in conjunction with established operational systems such as JIT (Just-in-Time Production) and TQM (Total Quality Management) (Green et al., 2018). This type of complementarity allows technology to go beyond being merely a tool for digitizing processes, enabling companies to simultaneously achieve operational excellence and social responsibility goals. For example, autonomous systems support economic sustainability by reducing errors, delays, and waste in production processes. At the same time, they increase job safety and employee well-being by taking over tasks that are dangerous, ergonomically risky, or threaten human health (Dey et al., 2022). In this respect, technology demonstrates that the often-assumed trade-off between economic efficiency and social sustainability is not always valid.
Implementing this type of integration requires companies to develop certain competencies at the organizational and managerial levels. In this regard, the ability referred to in the literature as “supply chain ambidexterity” enables companies to simultaneously manage existing operational processes effectively and efficiently (exploitation), and discover innovative approaches that detect (sensing) and manage social risks through digital technologies (e.g. BCT, AI, and advanced analytics) (Benzidia et al., 2021; Meier et al., 2023). The ambidexterity capability in supply chain acts as a critical lever, preventing technology from remaining a superficial application in the field of social sustainability and integrating it into corporate strategy. At the end of this capability process, technology transforms into an integrated value creation mechanism that supports social justice (e.g. fair remuneration, safe working conditions, and inclusivity) while simultaneously improving operational performance and financial outcomes (Sadia et al., 2024).
The real impact of digital technologies on social sustainability depends not so much on the technology itself, but rather on the extent to which companies can integrate these technologies with their existing management systems and organizational capabilities. When technology is superficially added to operational processes, social sustainability performance remains limited and fragile; conversely, in companies where technology is strategically aligned with systems such as JIT, TQM, and risk management, social sustainability becomes an integral component of long-term competitive advantage. In this context, technology is viewed not merely as a tool for efficiency or control, but as a transformative strategic architecture that integrates social responsibility, governance, and value creation for companies.
3.4 The Illusion of Visibility and New Sustainability Dilemmas
The prevailing view in previous studies is that digitalization provides absolute and automatic transparency in supply chains. In addition, recent empirical findings show that technological investments do not always deliver the expected social performance. For instance, Chiwaridzo and Masengu’s (2023) study on SMEs in the Zimbabwean tourism sector found that while technology adoption has strong effects on economic and environmental sustainability, no statistically significant success has been achieved in converting these technologies into social sustainability through green supply chain management practices. Similarly, a critical finding is also seen in case studies in the apparel industry. Colombage and Sedera (2025) point out that digital traceability systems do not always reflect reality; rather, they create a false sense of transparency where companies only share positive data and conceal risky areas. They also pointed out that, when technology is not managed with appropriate strategic intent, it can become a window dressing that covers deep problems, such as modern slavery, rather than solving them. At the same time, Butt et al. (2025) emphasize that there are serious structural barriers to adopting socially sustainable technology, such as high implementation costs and the digital divide among suppliers, demonstrating that digital tools alone cannot be seen as a solution.
In addition, the integration of technology into supply chains presents companies with significant economic trade-offs. Analyses based on mathematical modeling have revealed that green technology investments significantly reduce carbon emissions, but this gain leads to increases in production costs. This finding shows that sustainability strategies for companies are not always shaped by a win-win logic, but rather by necessary choices and cost pressures (Middya et al., 2025). This inverse relationship between environmental gains and economic performance further complicates sustainability decisions, particularly for businesses operating under short-term competitive pressures. This situation may expose companies to the risk of cutting back on social investments, such as employee welfare, while allocating limited resources to environmental compliance.
Another critical problem faced during digitalization process is new social risks stemming from privacy and security. The integration of autonomous systems and digital platforms into supply chains has become one of the main negative social impacts threatening stakeholder welfare, along with cybersecurity vulnerabilities and data leaks (Gu et al., 2025). To exemplify, managers working in the Nigerian logistics sector identified “insufficient privacy and security” as the second most critical barrier to the use of social media for sustainability purposes. This situation demonstrates that while digital tools promise transparency and traceability, they can also become a risk factor that threatens the personal data of employees and customers (Orji et al., 2020).
The findings in question thus reveal that technology is neither an automatic solution nor a threat in itself in terms of social sustainability. The key determining factor is the governance framework within which technology is implemented, the ethical principles that guide it, and the oversight mechanisms that regulate it. Social sustainability is not achieved by the mere presence of digital tools; it becomes meaningful only to the extent that these tools are integrated with the principles of justice, inclusivity, and accountability. Otherwise, digitalization risks merely obscuring social problems in a more sophisticated manner rather than solving them.
3.5 Establishing Effective Integrated Strategies: A Multi-Layered Holistic Approach for Social Sustainability
To overcome these paradoxes, the literature recommends that managers adopt multi-layered and comprehensive strategies rather than one-dimensional technology investments. In this context, it is emphasized that social sustainability is not only an operational necessity but also one of the fundamental components of long-term corporate value creation.
3.5.1 Managing Reputation as an Asset
Social sustainability practices should be viewed by companies not solely as technical processes serving legal compliance, but also as a strategic reputation management tool. Gu et al. (2025) go beyond classic social performance indicators and define the concept of “reputation” as a new and comprehensive indicator of social sustainability, emphasizing that companies should use technology to build a responsible and reliable corporate image. Similarly, Orji et al. (2020) stated that customer satisfaction is one of the critical success factors with the highest weight in the success of social sustainability practices, showing that stakeholder perception plays a central role in technology-based sustainability strategies (Orji et al., 2020). In this context, technology serves not only as a tool for generating information but also as a strategic lever that shapes corporate reputation.
3.5.2. Cultural Alignment and Leadership Commitment
Technology transfer and digital transformation processes make it difficult to achieve the expected social sustainability outcomes when they are not aligned with organizational culture. Multiple case studies conducted across different sectors reveal that cultural misalignment between global sustainability standards and local practices, along with a lack of commitment from senior management, are among the most significant organizational barriers to digital sustainability projects (Butt et al., 2025). Therefore, leaders must view technology not merely as a technical investment or cost factor, but as a comprehensive cultural transformation process that requires employee participation, behavioral change, and organizational learning (Butt et al., 2025).
3.5.3. Affordability and Financial Inclusion
The cost of technology stands out as one of the most fundamental barriers to participation in social sustainability practices, particularly for small suppliers operating in developing countries. Orji et al. (2020) emphasized that the factor of “affordability” plays a vital role in the technology adoption process, noting that high investment and operating costs can turn digitalization into a socially exclusionary mechanism. In this regard, carbon trading policies such as Cap-and-Trade and various financial incentive mechanisms have the potential to reduce cost pressures and strengthen not only environmental performance but also social justice and inclusivity across the chain (Middya et al., 2025).
The effectiveness of these strategies depends on technology being addressed not as a standalone solution, but in conjunction with governance, culture, and inclusive dimensions. Otherwise, digital tools may become mechanisms that deepen existing inequalities or merely provide symbolic compliance rather than strengthening social sustainability. Therefore, the fundamental issue for managers is not “to what extent” they use technology, but “with which corporate values and managerial principles” they integrate it. Ensuring social sustainability in a lasting manner requires a holistic management approach that supports technology with ethical leadership, organizational participation, and fair value sharing.
4. Discussion: The Contradictory Nature of Technology and Managerial Paradoxes
This study set out to examine the transformative effects of supply chain technologies on social sustainability from both theoretical and practical perspectives. Relying on existing studies and practical solutions offered by businesses, our findings confirm technology's capacity to increase transparency while reducing risks and reveal that this process does not follow a direct and simple linear relationship; rather, it involves managerial challenges and paradoxes.
According to our structured literature review, previous researchers largely argued that digitalization provides absolute transparency in supply chains; however, this study's analysis reveals that technology can sometimes create an “illusion of visibility”. In this sense, Colombage and Sedera (2025) found that companies use technology to share only the “well-performing” parts of the chain, leaving risky areas outside the digitalization process. They described this situation as a “theatrical stage” where companies polish the data they want and hide what they do not, emphasizing that technology creates “skewed transparency”. 
This situation leads to the persistence of “blind spots” deep within multi-layered chains (e.g. Tier-2 and beyond). While BCT ensures the immutability of data, it cannot guarantee the accuracy of the data first entered into the system on its own. In this regard, Wang et al. (2023) pointed out that suppliers can manipulate certification processes and that digital systems can create a “false sense of security” unless they are supported by physical audits. 
More importantly, the presence of technology does not automatically mean that social sustainability performance will improve. Chiwaridzo and Masengu’s (2023) empirical study on SMEs revealed that technology adoption positively affected economic and environmental sustainability but had no statistically significant effect on social sustainability. This "missing link" demonstrates that technology alone is not sufficient to solve social problems.
The fact that technologies used to achieve social sustainability ironically create other sustainability risks is a critical point of debate in the literature. Zhang and Song (2022) stated that energy consumption is one of the most critical environmental risks in blockchain integration. This is also supported by mathematical models developed by Middya et al. (2025); although green technology investments reduce carbon emissions, they directly increase total production costs, creating a difficult trade-off among the three pillars of sustainability.
In light of these findings, the strategies suggested in the literature for managing social sustainability risks while creating value from technology are summarized as follows. First, the complementarity strategy emphasizes that technology investments should not be considered independently of a firm’s existing operational capabilities. As demonstrated by Green et al. (2018), integrating JIT and TQM systems with green and social management practices generates a synergistic effect and enhances sustainability performance. Solely improving existing processes is insufficient; future-oriented capabilities of businesses are equally critical.
Building on the complementarity strategy, the organizational ambidexterity and sensing approach further enhances companies’ ability to manage social sustainability risks. Beyond managing current risks, companies should proactively anticipate future social risks using AI-powered “sensing” capabilities. Benzidia et al. (2021) underlined that firms with this ambidextrous structure demonstrate higher resilience during crises, making this capability a crucial tool for long-term sustainability success.
At the same time, signal of trust and reputation management highlight the strategic role of technology. Investments in social sustainability should extend beyond operational improvements and be communicated to stakeholders as a signal of trust. Jabbour et al. (2024) emphasized that firms should present these capabilities transparently and verifiably. Gu et al. (2025) identified “reputation” as a key indicator of social sustainability and argued that technology plays a pivotal role in cultivating a responsible and trustworthy corporate image.
Finally, cultural alignment and leadership are essential for effective technology adoption. Butt et al. (2025) demonstrate that cultural incompatibility and lack of top management commitment are major barriers to technology implementation. From this point forth, managers should approach technology not merely as a technical investment but as a cultural transformation requiring active employee participation. The coordinated implementation of these strategies maximizes the potential of technological investments to enhance social sustainability performance and strengthens stakeholder trust. This approach simultaneously achieves operational efficiency and long-term reputational benefits.
5. Conclusion
This study examines the role of supply chain technologies on social sustainability from a comprehensive and multi-layered perspective, ranging from risk management to value creation. The findings show that technology reduces agency costs and facilitates compliance with complex legal regulations, particularly by reducing information asymmetry in multi-layered chains. Blockchain and traceability systems provide transparency in the supply chain domain, making risky areas visible and contributing to strengthening corporate reputation. Furthermore, operational efficiency can be increased and energy consumption and costs minimized through the integration of green planning models and autonomous systems.
On the other hand, it has also been shown that the use of technology does not automatically guarantee social sustainability performance; rather, it can trigger certain risks. New risks such as energy consumption, data security vulnerabilities, privacy breaches, and the digital divide create serious challenges for businesses that view technology only as a solution tool. Therefore, success in sustainable supply chains is possible not by using technology alone, but by integrating social and environmental criteria into strategic decision-making processes. The inclusion of social criteria in mathematical models, going beyond cost in supplier selection, and considering the principle of affordability form the foundation of an inclusive and equitable supply chain ecosystem.
Consequently, the sustainable supply chains of the future will be built by leaders who position technology not merely as an operational tool or control mechanism, but as an integral part of social responsibility, risk management, and corporate reputation. The success of firms will directly depend on the extent to which they align their technological infrastructure with corporate governance principles, ethical practices, and strategic management processes. Thus, it is concluded that investments in technology should not only provide efficiency and transparency but also be considered as part of a holistic strategy to achieve social sustainability goals.
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