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Abstract

The complexity and global dispersion of modern apparel supply chains have intensified the need
for robust traceability systems that can ensure ethical sourcing, operational efficiency, and
regulatory compliance. This study presents an in-depth meta-analysis of traceability mechanisms
in apparel manufacturing, focusing specifically on three interconnected dimensions: real-time order
tracking, vendor management, and export visibility systems. Drawing upon 113 empirical studies
published between 2005 and 2022, the analysis synthesizes technological, organizational, and
governance-related approaches to supply chain traceability, with particular attention to digital
platforms such as Enterprise Resource Planning (ERP), Supply Chain Management (SCM),
Manufacturing Execution Systems (MES), Transportation Management Systems (TMS),
blockchain-enabled infrastructures, and Traceability-as-a-Service (TaaS) models. The findings
reveal that while real-time order tracking is well-established at the Tier 1 level through ERP and
SCM systems, traceability significantly deteriorates beyond Tier 2 due to subcontracting opacity,
fragmented governance, and limited technological integration. Vendor management practices
remain largely coercive and audit-driven, which leads to short-term compliance but does not foster
sustained transparency or collaborative data sharing. Export visibility tools, while effective in
managing container movement and customs documentation, often operate in isolation from
broader traceability platforms, resulting in data silos and verification gaps. Furthermore, the study
highlights the central role of governance models in shaping traceability outcomes, with
collaborative and hybrid approaches demonstrating higher success rates in multi-tier visibility and
supplier engagement. It also underscores the growing relevance of blockchain and EDI-based
systems in export traceability, emphasizing the benefits and limitations of each. TaaS platforms are
identified as emerging enablers of flexible, modular traceability infrastructure, particularly for
small and mid-sized brands; however, their effectiveness is often constrained by digital readiness
and uneven supplier participation. The meta-analysis concludes that traceability in apparel
manufacturing is not merely a technical challenge but a deeply institutional and organizational
endeavor. Effective traceability systems require alignment across governance frameworks,
platform interoperability, and equitable stakeholder involvement to move beyond surface-level
compliance and achieve meaningful transparency across the entire apparel value chain.
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INTRODUCTION

Supply chain traceability refers to the ability to identify and track the history, application, or location
of products and their components throughout the production and distribution process (Agrawal et
al., 2021) In the context of apparel manufacturing, traceability encompasses the systematic
documentation of each step, from raw material sourcing to the delivery of finished garments to the
final consumer (Hu et al., 2013). This concept is distinct from transparency, though both are often
intertwined. Traceability emphasizes factual, verifiable data regarding origin, handling, and
transformation, whereas transparency relates more broadly to the openness of such information
(Bechini etal., 2008). As apparel supply chains become more global and complex, involving multiple
stakeholders across various geographies, the demand for robust traceability mechanisms grows (He
et al., 2008). The apparel sector, notorious for labor exploitation and environmental degradation,
has been particularly pressured by consumers, regulators, and NGOs to implement traceability to
ensure ethical and sustainable practices. According to McKinsey & Company (2020), over 70% of
global fashion executives have cited traceability as a top priority for supply chain transformation.
Thus, traceability is no longer a luxury but a prerequisite for corporate responsibility, market access,
and competitive differentiation. It also plays a pivotal role in complying with international trade
regulations, such as the European Union’s Due Diligence Law (European Commission, 2021) and
the U.S. Uyghur Forced Labor Prevention Act (U.S. Congress, 2021).

Figure 1: Integrated Supply Chain Traceability Flow from Plant to Warehouse via Customer Node
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Traceability in apparel manufacturing carries substantial international significance, primarily due
to the dispersed nature of global production networks and the growing legislative and market-
driven expectations for ethical sourcing. The garment industry contributes significantly to the
economies of countries like Bangladesh, Vietnam, India, and China, yet it remains plagued by poor
working conditions, subcontracting abuses, and opaque vendor networks (He et al., 2008). To
address these challenges, international organizations such as the International Labour Organization
and the Organisation for Economic Co-operation and Development have developed guidelines
encouraging the adoption of traceability tools. In global markets, brands increasingly rely on
traceability systems to verify supplier compliance with labor laws, environmental standards, and
quality benchmarks (Agrawal et al., 2018). In Europe, the Sustainable Apparel Coalition has
championed the Higg Index, a traceability framework measuring environmental and social impact
across the value chain. Similarly, the United Nations Economic Commission for Europe has piloted
blockchain-enabled traceability models to enhance data integrity and cross-border visibility in
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textile supply chains. Without effective traceability, apparel brands risk severe reputational
damage, market sanctions, and legal penalties, particularly under new corporate due diligence laws
(Fritz etal., 2017). The emphasis on traceability is not solely regulatory; consumers in North America
and Europe increasingly demand ethical sourcing, placing social accountability and transparency
at the heart of their purchasing decisions. In response, traceability has become embedded within
international trade compliance, supplier contracts, and sustainability reporting frameworks (Freise
& Seuring, 2015).

Figure 2: Interrelationship Between Real-Time Order Tracking and Vendor Management
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The objective of this review is to critically synthesize academic and industry-based literature on
supply chain traceability in apparel manufacturing, with specific attention to three core
components: real-time order tracking, vendor management, and export visibility systems. This
synthesis seeks to offer a structured and evidence-based understanding of how traceability
mechanisms function across various operational layers of apparel production and distribution. By
categorizing and analyzing existing empirical studies, technological frameworks, and case-specific
implementations, the review aims to provide a consolidated reference point for scholars, industry
practitioners, and policymakers. The focus on real-time order tracking is intended to illuminate how
digital tracking systems enhance production responsiveness, minimize uncertainties, and optimize
logistical coordination in fast-paced manufacturing environments. Meanwhile, the analysis of
vendor management systems is aimed at examining how apparel brands engage with supplier
networks to uphold labor, environmental, and quality standards across tiers of production.
Furthermore, the review targets export visibility systems as a distinct, though interconnected,
domain of traceability that plays a crucial role in maintaining transparency through international
trade routes, especially for compliance with transnational laws and voluntary certification regimes.
By establishing a triadic framework of analysis, the review intends to uncover the synergies and
frictions among these components, recognizing that effective traceability is not confined to one stage
or actor but emerges from coordinated digital and organizational practices across the entire supply
chain. The review also seeks to identify recurring themes, such as technological interoperability,
supplier resistance, governance bottlenecks, and the impact of traceability on operational
performance. The literature reviewed spans diverse geographical contexts and organizational sizes,
allowing the study to reflect both global trends and regional specificities. Ultimately, the objective
is to present a comprehensive, critical, and nuanced portrayal of traceability in apparel
manufacturing — one that moves beyond normative calls for transparency to empirically grounded
insights into its mechanisms, challenges, and operationalization across production ecosystems.
LITERATURE REVIEW

The body of scholarly and industry literature concerning supply chain traceability in apparel
manufacturing has grown substantially in recent decades, paralleling the increasing globalization
of garment production and the intensified scrutiny from stakeholders demanding ethical,
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transparent, and sustainable operations. This literature review endeavors to critically examine and
synthesize the existing body of knowledge across three fundamental domains: real-time order
tracking, vendor management systems, and export visibility mechanisms. These categories reflect
the multi-dimensionality of traceability in apparel supply chains, spanning upstream sourcing
practices, midstream production accountability, and downstream logistics transparency. Existing
studies cover a wide array of technologies, governance models, regulatory frameworks, and market-
based initiatives that influence traceability practices. While some focus on technological
innovations —such as the application of RFID, blockchain, and enterprise systems —others explore
institutional dimensions like compliance regimes, supplier behavior, and cross-border regulations.
Several case studies have documented brand-specific initiatives, while comparative studies have
highlighted regional discrepancies in implementation due to differences in digital infrastructure,
labor laws, and supply chain complexity. This section does not merely catalog these contributions;
instead, it presents an organized, thematic synthesis to expose the underlying dynamics, gaps, and
converging patterns within traceability discourse. To that end, the literature review is structured
into five core thematic segments, each anchored in a specific operational domain of apparel
manufacturing. These themes allow for a deeper engagement with both technological enablers and
socio-organizational structures, ultimately offering a holistic understanding of how traceability is
conceptualized, implemented, and evaluated across the apparel industry.
Traceability in Apparel Supply Chains
Traceability in apparel supply chains is a central mechanism for operational governance, quality
assurance, and ethical oversight. It enables firms to document the movement and transformation of
products through the various tiers of manufacturing, from raw material procurement to end-user
distribution (Rebs et al., 2017). The concept is often distinguished from, but closely linked to,
transparency and accountability (Chen et al,, 2017). Traceability emphasizes data reliability,
auditability, and the verifiable origin of materials, while transparency refers to the openness and
accessibility of that information to stakeholders. As Bostrom and (Cachon & Fisher, 2000) argue, the
enforcement of social and environmental norms in global garment production depends significantly
on robust traceability infrastructures. In fragmented and outsourced production networks,
traceability offers a structured approach to manage risks related to labor rights violations,
environmental hazards, and unauthorized subcontracting (Gobbi & Massa, 2015). Empirical studies
confirm that traceability improves supply chain monitoring and reduces the occurrence of
undocumented production (Kumar et al.,, 2016). Brands operating in countries with limited
regulatory enforcement, such as Bangladesh, Cambodia, and Myanmar, use traceability tools to
maintain compliance with international labor standards (Giannakis & Papadopoulos, 2016).
Moreover, traceability mechanisms have been embedded within compliance frameworks such as
the Social & Labor Convergence Program (SLCP) and the Better Work Program, promoting
consistent documentation practices. Although some scholars critique audit-centric approaches for
being susceptible to falsification and cost-shifting to suppliers (Sunny et al., 2020), traceability
provides baseline data that enables risk mapping and remediation strategies. These systems are
particularly relevant for meeting the due diligence obligations mandated by the European Union
and the United States, which require documentation of supply chain processes beyond Tier 1.
Therefore, traceability functions as a foundational capability that underpins regulatory compliance,
ethical sourcing, and supply chain accountability in apparel manufacturing.
Real-time traceability in apparel manufacturing is increasingly enabled by digital technologies that
integrate data capture, transmission, and analysis across production stages. Radio Frequency
Identification (RFID), Internet of Things (IoT) sensors, and cloud-based enterprise resource
planning (ERP) platforms facilitate the monitoring of materials, work-in-progress (WIP), and
finished goods as they move through cutting, sewing, finishing, and packing (Seuring et al., 2008).
These technologies improve production visibility, reduce lead times, and minimize errors caused
by manual data entry or communication delays (Closs et al., 2010). In the context of fast fashion,
where short turnaround times are critical, real-time tracking has been shown to support agile
manufacturing strategies by enabling continuous flow production and dynamic scheduling. Brands
4
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like Zara and Uniqlo leverage such systems to synchronize production and logistics activities with
demand signals from retail stores. Studies also highlight that real-time tracking systems assist in
quality control and inventory accuracy, thereby reducing overproduction and unsold stock (Gold
etal., 2010; Seuring et al., 2008). Wognum et al. (2011) demonstrate that the integration of traceability
tools with manufacturing execution systems (MES) enables timestamped visibility of operations,
which is essential for internal audits and buyer verification. RFID-enabled apparel production units
in Vietnam and India report significant efficiency gains and reduced production bottlenecks (Lam
& Postle, 2006). While high setup costs and interoperability challenges have constrained wider
adoption in small and medium enterprises (SMEs), real-time traceability systems are increasingly
scalable through mobile applications and cloud services (Madumidha et al., 2019). Ultimately, these
digital infrastructures ensure data continuity across production stages, reinforcing traceability and
enabling brands to authenticate their sourcing and production claims with empirical evidence (de
Brito et al., 2008).

Figure 3: Simplified Framework of Traceability Functions Across Apparel Supply Chain Phases
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Vendor management constitutes a critical axis of traceability in apparel supply chains, especially
given the multi-tiered and geographically dispersed nature of sourcing networks. Apparel brands
often rely on Tier 1 suppliers who, in turn, subcontract to Tier 2 and Tier 3 facilities for dyeing,
printing, and fabric production, which significantly complicates traceability efforts (Saak, 2016).
Mapping these supplier tiers is essential for identifying high-risk nodes and ensuring compliance
across the entire production ecosystem. Tools such as vendor scorecards, supply chain mapping
software, and centralized compliance databases like Sedex and Open Supply Hub have been widely
adopted to enhance traceability. Collaborative vendor governance models, which focus on long-
term relationships, capacity building, and information sharing, have shown to be more effective
than purely audit-based approaches in sustaining traceability over time (Sarpong, 2014). Garcia-
Torres et al. (2021) argue that brands with direct engagement in supplier development are better
positioned to trace and influence upstream activities. Furthermore, donor-funded initiatives like the
ILO’s Better Work program and the Ethical Trading Initiative (ETI) have emphasized multi-
stakeholder collaboration to increase traceability across multiple tiers (Marconi et al., 2017).
Empirical studies show that traceability improves when vendors are incentivized through
performance-linked contracts, compliance credits, or preferred supplier status. However,
institutional challenges—such as data withholding, subcontracting opacity, and capacity
limitations — persist, particularly among small-scale suppliers in Southeast Asia and Sub-Saharan
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Africa (Canavari et al., 2010). These findings underscore the importance of vendor management
systems not only as compliance tools but as relational infrastructures that support the continuous
flow of traceability data across multiple nodes of the apparel supply chain.

Traceability: Operational vs. Strategic Perspectives

Operational traceability refers to the concrete, day-to-day mechanisms and technologies that allow
for the documentation, tracking, and verification of goods and activities throughout the apparel
production process. In the apparel industry, these mechanisms are applied across procurement,
manufacturing, logistics, and warehousing stages to ensure that each input and transformation is
recorded and traceable (Agrawal & Pal, 2019). Real-time tracking systems, barcode scanning, RFID
technologies, and ERP platforms form the bedrock of operational traceability infrastructure (Mejias
etal., 2019). Studies have shown that the implementation of these tools reduces error rates, improves
inventory accuracy, and enhances production synchronization (Egels-Zandén et al., 2015). The
operational function of traceability is also vital for ensuring compliance with customer orders,
controlling quality, and meeting internal audit standards. In multi-supplier networks, traceability
systems help track raw material consumption, monitor subcontractor outputs, and detect
inefficiencies in workflows. For example, Gold and Heikkurinen (2018) documented how real-time
operational traceability enabled Zara to maintain production agility and reduce turnaround times
significantly. Similarly, studies in emerging manufacturing hubs like Vietnam and Bangladesh
confirm that RFID and MES integrations improve cut-to-ship visibility and minimize excess
inventory. Moreover, operational traceability is crucial for verifying product claims, such as
“organic cotton” or “recycled polyester,” through batch-level documentation (Fraser et al., 2020).
Although operational systems are often seen as logistical tools, they form the technical backbone
that supports all traceability objectives, ensuring that trace data is timely, accurate, and verifiable
across multiple production stages (Gold & Heikkurinen, 2018).

Figure 4: Operational Mechanisms vs. Strategic Objectives in Apparel Supply Chains
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From a strategic standpoint, traceability transcends basic operational monitoring and is embedded
into the organizational fabric as a driver of risk management, reputational capital, and regulatory
alignment. Apparel firms adopt traceability not merely to optimize production but to achieve
strategic goals such as market differentiation, consumer trust-building, and access to regulated
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markets (Fraser et al., 2020). In this context, traceability becomes a governance tool that enables
organizations to signal ethical sourcing, environmental sustainability, and legal compliance to
external stakeholders, including consumers, investors, regulators, and NGOs (Gold & Heikkurinen,
2018). The strategic value of traceability is evidenced by its integration into global compliance
frameworks such as the OECD Due Diligence Guidelines, the EU Corporate Sustainability Due
Diligence Directive, and the U.S. Uyghur Forced Labor Prevention Act (Egels-Zandén et al., 2015).
Several empirical studies emphasize that traceability is a prerequisite for market access in Europe
and North America, particularly for brands that publicly commit to human rights and
environmental performance (Mejias et al., 2019). Strategic traceability also aligns with brand values
and corporate social responsibility (CSR) programs, creating a reputational shield against scandals
related to labor exploitation or environmental violations. For instance, companies such as Patagonia
and Levi Strauss have built traceability into their sourcing strategies as a branding mechanism and
supply chain control tool (Agrawal & Pal, 2019). Additionally, traceability supports certification
schemes like GOTS, OEKO-TEX, and Fair Trade, all of which demand rigorous documentation and
audit trails.
Theoretical Underpinnings
Stakeholder theory provides a foundational lens through which the complexity of apparel supply
chain traceability can be interpreted. Originating from (Freeman, 2010) proposition that
organizations must account for the interests of all stakeholders—not just shareholders—this
framework has been widely applied in studies examining corporate social responsibility (CSR),
transparency, and ethical governance in global supply chains (He et al., 2008; Rudell, 2006) In
apparel manufacturing, stakeholders include not only investors and customers, but also workers,
NGOs, governments, certification bodies, and community members, each exerting normative or
coercive pressure on brands to disclose sourcing practices (Huq et al., 2016). The stakeholder
landscape is especially pronounced in apparel due to high-profile labor scandals and environmental
controversies, which have increased the reputational risks associated with opaque supply chains.
Studies show that stakeholder influence significantly affects firms’ willingness to invest in
traceability infrastructure, particularly in contexts where consumers are vocal, and NGOs act as
watchdogs (Ubilava & Foster, 2009). Moreover, stakeholder salience —defined by power, legitimacy,
and urgency — determines which actors gain visibility and influence decision-making on traceability
(Mantere & Ketokivi, 2013). Research by Theifsen et al. (2014) and Juels (2006) suggests that buyers
and lead firms often prioritize stakeholder groups that directly impact brand image, such as
Western consumers and international regulators, while marginalizing less visible actors such as
informal subcontractors or homeworkers. The stakeholder-driven logic also extends to certification
schemes like Fair Trade, OEKO-TEX, and GOTS, which act as intermediaries between stakeholders
and brands, enforcing traceability through verification protocols. Thus, stakeholder theory provides
a robust explanatory model for understanding the motivation and asymmetry behind traceability
practices in apparel supply chains.
Supply chain governance refers to the structures, rules, and mechanisms through which lead firms
control and coordinate activities across multi-tiered production networks. Kshetri (2018)
distinguished between different governance types—market, modular, relational, captive, and
hierarchical —based on power asymmetries and interdependence between buyers and suppliers. In
the apparel sector, governance is predominantly buyer-driven, meaning brands exert substantial
influence over pricing, design, delivery schedules, and compliance requirements (Pal & Yasar,
2020). This governance model enables brands to enforce traceability requirements by setting
contractual obligations, conducting audits, and deploying digital monitoring tools. However, it also
leads to uneven traceability responsibilities, with most burdens shifted onto suppliers, especially in
the Global South. Studies have highlighted that while buyers set traceability expectations, they often
provide limited resources or incentives to support implementation at the supplier level. Governance
structures influence not only operational traceability but also the depth of supplier mapping, the
rigor of verification practices, and the frequency of data collection (Agrawal et al., 2020). For
example, hierarchical governance —where the buyer owns or directly controls production —tends
7
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to yield higher traceability, while market-based models relying on arm’s-length transactions show
weaker documentation and oversight. The presence of third-party governance through multi-
stakeholder initiatives (MSIs) such as the Ethical Trading Initiative (ETI) and the Better Work
program further complicates the landscape by introducing overlapping rules and performance
benchmarks (Agrawal et al., 2021). These governance layers collectively structure how traceability
is distributed, enforced, and monitored across apparel supply chains.

Figure 5: Integrated Theoretical Framework for Traceability in Apparel Supply Chains
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Institutional logics refer to the broader belief systems, practices, and cultural assumptions that
shape organizational behavior and decision-making (Longo et al., 2019). Within apparel supply
chains, competing institutional logics —such as commercial efficiency, ethical compliance, and legal
conformity —coexist and often conflict, influencing how traceability is interpreted and
operationalized. For instance, brands may face tension between market-driven logics prioritizing
cost and speed, and sustainability-driven logics emphasizing social responsibility and
environmental stewardship. These logics are embedded in organizational routines and reflected in
how traceability systems are adopted, customized, and maintained (Helo & Hao, 2019). Institutional
pressures manifest through mimetic (copying industry leaders), coercive (regulatory), and
normative (professional or ethical standards) mechanisms. Apparel firms operating under strong
institutional scrutiny — due to consumer activism, media attention, or regulatory exposure —tend to
adopt more comprehensive traceability frameworks, often extending beyond first-tier suppliers
(Pagell & Wu, 2009). Research shows that institutional context explains variation in traceability
practices across regions; for example, EU-based firms often report deeper supplier engagement due
to stricter CSR norms, while firms in less regulated environments rely more heavily on self-declared
compliance. Institutional logics also shape internal trade-offs, such as choosing between short-term
financial returns and long-term traceability investments. The combined application of stakeholder
theory, supply chain governance, and institutional logics offers a comprehensive analytical
framework to interpret the multi-dimensional nature of traceability in apparel supply chains. While
stakeholder theory highlights the pluralistic demands placed on brands by external actors,
governance theory emphasizes how power relations and structural controls determine traceability
implementation (Agrawal et al., 2021; Pal et al., 2019). Institutional logics, in contrast, explain the
internal rationales and belief systems that drive organizational behavior beyond mere compliance
(Kumar et al., 2017). Together, these theories enable a deeper understanding of both agency and
structure in the adoption and performance of traceability systems. For instance, Caniato et al. (2012)
found that despite similar stakeholder pressures, brands with captive governance models and
sustainability-aligned institutional cultures invested significantly more in traceability infrastructure
than others operating under market-based or modular governance. Meanwhile, empirical studies
by Alemanno (2010) demonstrate that traceability failures often result not from lack of technology

8


https://ijsir.org/index.php/IJSIR/index
https://doi.org/10.63125/dj9fgy65

International Journal of Scientific Interdisciplinary Research
Vol 1, No 1, December 2022
https:/ /doi.org/10.63125/di9fey65

but from organizational misalignment across stakeholder demands, governance frameworks, and
institutional beliefs. Even within the same multinational firm, traceability initiatives can differ
dramatically across regional offices due to variations in local norms, stakeholder salience, and
institutional expectations (Lotfi et al., 2013). This layered approach reveals the value of multi-
theoretical analysis in capturing the political, economic, and cultural dimensions of traceability. It
also clarifies why traceability remains unevenly implemented and differentially understood across
the global apparel landscape, despite widespread agreement on its importance (Lambert & Cooper,
2000). Therefore, these intersecting theories serve not as isolated conceptual tools but as mutually
reinforcing perspectives that together explain the empirical patterns and institutional complexity of
traceability practices.
ERP and SCM Systems in Garment Production
Enterprise Resource Planning (ERP) systems serve as critical digital infrastructure for data
integration, operational coordination, and real-time visibility in garment production. These systems
consolidate data across functional domains — procurement, inventory, production planning, order
fulfillment, finance, and human resources —into a unified platform that enhances traceability and
decision-making accuracy (Henninger, 2015). In the garment industry, where lead times are tight
and product variety is high, ERP systems facilitate the synchronization of material requirements
with production schedules, reduce stockouts, and ensure timely order delivery (Lotfi et al., 2013).
Empirical studies confirm that ERP adoption reduces production delays, improves internal
communication, and minimizes data redundancy (Henninger, 2015). For instance, Marconi et al.
(2017) demonstrated how ERP-enabled workflow monitoring reduced processing time by 22% in a
mid-sized apparel firm in China. Additionally, integration with barcode or RFID-based tracking
systems enhances visibility into the movement of goods at each processing stage (Gold et al., 2010).
ERP systems like SAP AFS (Apparel and Footwear Solution) and Infor CloudSuite have been
tailored to address industry-specific challenges such as size-color matrix management, style
seasonality, and rapid order change management (Srivastava et al., 2015). However, successful
implementation hinges on change management, user training, and legacy system compatibility
(Cheng et al., 2013). Furthermore, ERP’s data-driven capabilities enhance the operational layer of
traceability, ensuring that production inputs, supplier sources, and inventory movements are
digitally documented, auditable, and aligned with compliance protocols (Pal & Gander, 2018).
Therefore, ERP systems function as both enablers of process efficiency and foundational platforms
for traceability documentation across the internal garment production cycle.
Supply Chain Management (SCM) systems in garment production extend the traceability function
beyond internal operations by enabling brands to monitor, coordinate, and control supplier
networks, logistics flows, and customer orders across geographies. SCM systems integrate data
from suppliers, logistics partners, and retailers to ensure supply chain continuity, transparency, and
responsiveness (Theiffen et al., 2014). In the apparel industry, these systems are particularly
important due to the extensive reliance on offshore and multi-tiered sourcing arrangements (Kwok
& Wu, 2009). Research shows that SCM platforms like Infor Nexus and Oracle SCM Cloud allow
brands to track purchase orders, shipment schedules, quality inspections, and vendor compliance
status in real time. SCM tools also support the allocation of materials across orders, balancing
supplier capacity and reducing overproduction and waste (Carbonara & Giannoccaro, 2009). A
study by Wang et al. (2019) noted a 28% improvement in production agility and a 19% reduction in
raw material excess among garment manufacturers using advanced SCM analytics. Moreover, SCM
systems often include supplier onboarding modules, which allow for documentation of
certifications, labor audits, and environmental assessments, facilitating vendor traceability
(Carbonara & Giannoccaro, 2009). In buyer-driven governance structures, SCM systems act as
digital command centers from which compliance and performance expectations are communicated
and enforced (Lotfi et al., 2013). Despite their potential, implementation challenges persist,
including system interoperability with supplier platforms, data accuracy concerns, and high setup
costs (Kembro et al.,, 2017). Nevertheless, SCM systems represent essential infrastructure for
managing external traceability, extending visibility into supplier behavior, logistics integrity, and
9
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distribution pathways.

Figure 6: ERP and SCM Integration for Enhanced Traceability in Garment Production
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ERP, WMS, TMS, and MES Integration

Manufacturing Execution Systems (MES) play a critical role in garment production by capturing
shop-floor data, linking machine operations to production plans, and providing traceability at the
micro-level of fabric handling, stitching, finishing, and packaging (Lotfi et al., 2013). MES
integration with ERP enhances visibility by synchronizing real-time factory data with upstream
planning and downstream delivery processes (Tu et al., 2018). This bidirectional communication
allows discrepancies in output, quality, or labor allocation to be immediately visible to both
production and planning teams, improving corrective action and audit readiness (Lotfi et al., 2013).
In garment factories, MES is especially valuable for tracing defects back to specific workstations or
operators, a feature critical for managing quality assurance and buyer inspections (Kembro et al.,
2017). Moreover, MES captures time stamps for each activity, enabling traceability of production
cycles and the tracking of idle time, rework, and overtime —factors linked to both cost efficiency
and labor compliance. When paired with RFID or barcode inputs, MES provides granular trace data
that feeds into ERP systems, enriching the traceability log and supporting compliance reporting.
Studies by Nativi and Lee (2012) and Li et al. (2017) show that integrated MES-ERP setups enable
deeper supplier monitoring, especially when lead firms manage vertically integrated or semi-
captive production models. Despite the benefits, challenges remain, such as MES customization for
garment-specific tasks (e.g., embroidery or multi-style runs) and resistance from operators due to
digital fatigue or skill gaps (Reeftke & Sundaram, 2017). Nevertheless, MES-ERP integration is
fundamental for achieving production-stage traceability that meets both operational needs and
buyer-driven compliance mandates.
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Figure 7: ERP, WMS, TMS, and MES Integration Framework for End-to-End Apparel Supply Chain Traceability
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Warehouse Management Systems (WMS) and Transportation Management Systems (TMS) are
critical for maintaining traceability across storage, staging, and global distribution phases in
garment supply chains. WMS software supports inventory allocation, bin management, batch
control, and cycle counting, allowing apparel firms to trace material movement within and across
storage sites (Kwok & Wu, 2009). TMS, in turn, facilitates transportation visibility by coordinating
shipment schedules, optimizing carrier selection, and generating export documentation—all of
which are essential for regulatory and customs compliance (Lumsden & Mirzabeiki, 2008). When
WMS and TMS are integrated with ERP and MES, a seamless data bridge is formed that enables
order-specific tracking from production line to port dispatch (Agrawal et al., 2021). For instance,
integration allows garment labels to be printed at packing based on real-time order data, ensuring
alignment with retail requirements and export logistics (Longo et al., 2019). In regions like South
Asia, where apparel exports represent a substantial share of GDP, WMS-TMS integration ensures
traceability in container loading, order bundling, and shipping documentation (Helo & Hao, 2019).
Moreover, TMS platforms integrated with blockchain or EDI frameworks improve the integrity of
shipment records, providing immutable, timestamped data that support chain-of-custody claims
(Pagell & Wu, 2009). Several brands operating in the U.S. and Europe require digital proof of export
traceability to comply with legislation such as the Uyghur Forced Labor Prevention Act and EU
Green Claims rules. However, the effectiveness of WMS-TMS systems depends on digital readiness,
port infrastructure, and the willingness of 3PL providers to integrate data feeds. These challenges
notwithstanding, WMS-TMS integration remains a pivotal component of downstream apparel
traceability.

Tier 1 vs. Tier 2+ Mapping

The concept of supplier tiering is fundamental to understanding visibility and control in apparel
supply chains. Tier 1 suppliers typically refer to direct business partners—factories and
manufacturers with whom brands maintain contractual relationships —while Tier 2 and beyond
represent upstream entities such as fabric mills, dye houses, and raw material processors (Freise &
Seuring, 2015). The distinction is critical in traceability practices, as brands generally maintain
comprehensive oversight over Tier 1 actors but possess limited or no visibility into Tier 2 and Tier
3 operations (Fritz et al., 2017). Research by Agrawal et al. (2018) shows that major fashion brands
tend to audit Tier 1 facilities while leaving upstream activities unmonitored, despite the fact that
many labor violations and environmental abuses occur in these deeper tiers. Subcontracting,
especially informal or unauthorized forms, further obscures visibility beyond Tier 1 (Marucheck et
al., 2011). Additionally, because Tier 2+ suppliers are often several layers removed from the buyer,
there is limited incentive for these actors to align with traceability protocols unless explicitly
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required through tier mapping or contractual cascades (Kwok & Wu, 2009). These issues are
compounded by geographic dispersion, inconsistent regulation, and limited digital infrastructure
in countries such as Bangladesh, India, Vietnam, and Ethiopia, where upstream production is
concentrated (He et al., 2008). Mapping efforts that stop at Tier 1 therefore fail to capture the full
spectrum of risk and operational complexity in global apparel production, undermining traceability
initiatives and ethical sourcing commitments (Gobbi & Massa, 2015). Consequently, tier
differentiation not only shapes supply chain governance but also influences the scope and depth of
traceability data collected across the apparel sector (Cachon & Fisher, 2000).

Figure 8: Multi-Tier Supplier Mapping and Digital Traceability Tools in Apparel Supply Chains
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Traceability beyond Tier 1 presents numerous technical, logistical, and organizational challenges.
While Tier 1 suppliers are often digitally connected through ERP or SCM systems and subject to
regular audits, Tier 2+ suppliers typically operate under informal arrangements or subcontracted
agreements, making them difficult to identify and monitor (Kumar et al., 2016). Sunny et al. (2020)
highlight that Tier 2+ mapping is frequently impeded by supplier opacity, lack of standardized
documentation, and limited cooperation from intermediaries. Upstream actors, such as dyeing units
and textile mills, may serve multiple buyers and therefore resist disclosing client lists or proprietary
processes (Brito et al., 2008). Moreover, cost pressures in apparel manufacturing incentivize
concealment, particularly when non-compliant subcontractors offer price advantages (Sarpong,
2014). Empirical evidence suggests that even in programs that encourage transparency —such as the
Social & Labor Convergence Program (SLCP) or Open Supply Hub —mapping beyond Tier 1 is only
partial, relying heavily on voluntary disclosures and fragmented databases (Marconi et al., 2017).
Additionally, the lack of legal frameworks in many sourcing countries means that brands cannot
mandate disclosure beyond their direct suppliers without local enforcement support (Canavari et
al., 2010). While technologies like blockchain and supply chain mapping tools have been proposed
as solutions, their effectiveness is contingent on data integrity and supplier participation, both of
which are low in Tier 2+ environments. As such, Tier 2+ traceability often depends on relational
governance, buyer influence, and multistakeholder coordination rather than system-level
enforcement (Garcia-Torres et al., 2021). These structural barriers underscore the complexity of
extending traceability efforts beyond first-tier partnerships.

Collaborative vs. Coercive Vendor Governance Models

Collaborative and coercive vendor governance models represent two distinct approaches to
managing supplier relationships in global apparel supply chains. Coercive governance is
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characterized by unilateral control mechanisms, including top-down audits, rigid compliance
codes, and contractual enforcement driven by buyers” demands (Schenkel et al., 2015). In contrast,
collaborative governance emphasizes joint problem-solving, trust-building, knowledge sharing,
and long-term engagement between buyers and suppliers. These models are not mutually exclusive,
but rather exist on a continuum, with many apparel firms employing hybrid strategies depending
on supply chain tier, geography, and product complexity (Khurana & Ricchetti, 2016). Doorey (2011)
have argued that coercive mechanisms are effective in ensuring short-term compliance, particularly
under intense regulatory scrutiny or reputational pressure, but often fail to generate sustainable
improvements in labor conditions or traceability. Collaborative governance, by contrast, has been
linked to better supplier buy-in, improved capacity for compliance, and more durable institutional
change. This distinction becomes crucial in traceability initiatives, where deep supplier engagement
is necessary for mapping Tier 2+ actors and collecting accurate data (Fraser et al., 2020). While
coercive models rely on formal authority and performance sanctions, collaborative approaches
invest in supplier training, joint monitoring platforms, and incentive-based compliance
frameworks. These theoretical distinctions underscore the divergent philosophies underlying
vendor governance and set the stage for empirical evaluations of their effectiveness in diverse
apparel sourcing contexts.
Coercive governance has long dominated the apparel industry, particularly through mechanisms
such as codes of conduct, third-party audits, corrective action plans, and compliance checklists.
These tools reflect buyer-centric power structures that seek to enforce social and environmental
standards across global supply chains (Gold & Heikkurinen, 2018). Studies have documented the
operational benefits of coercive governance, including rapid standardization, documentation
control, and reduced legal liability for brands. However, several scholars criticize this model for
fostering superficial compliance or “audit fatigue,” where suppliers focus on passing inspections
rather than embedding sustainable practices (Mejias et al., 2019). Empirical evidence from
Bangladesh, India, and Cambodia indicates that coercive auditing systems often incentivize data
manipulation, selective disclosure, and temporary fixes rather than root-cause remediation.
Moreover, suppliers frequently bear the financial and administrative burden of compliance, leading
to resentment, distrust, and reduced willingness to cooperate in deeper traceability efforts (Marconi
et al., 2017). While coercive systems can enforce traceability at Tier 1, their effectiveness declines in
Tier 2 and beyond, where buyer leverage is weaker and contractual ties are absent. Studies also
reveal that coercive governance often fails to accommodate local labor norms, infrastructural
limitations, or informal production systems, reducing its legitimacy and practical utility (Garcia-
Torres et al., 2021). As such, while coercive governance may produce short-term gains in visibility
and standardization, it often undermines the trust and collaboration necessary for sustained
traceability and ethical sourcing in complex apparel ecosystems.
Blockchain and EDI in Cross-Border Shipment Tracking
Electronic Data Interchange (EDI) has long served as a standardized digital communication method
in cross-border shipment tracking, facilitating structured data exchange between apparel
manufacturers, freight forwarders, customs authorities, and buyers (Wang et al., 2019). EDI allows
for real-time transmission of purchase orders, shipping notifications, invoices, and customs
declarations using structured formats such as ANSI X12 and UN/EDIFACT (Zyskind et al., 2015).
This automation reduces manual errors, accelerates processing time, and minimizes customs
clearance delays, particularly in time-sensitive apparel logistics (Cruz & Cruz, 2020). Empirical
studies show that EDI integration improves inventory turnover, tracking accuracy, and transaction
transparency, especially when aligned with Transportation Management Systems (TMS) and
Warehouse Management Systems (WMS) (Fiaidhi et al., 2018). For instance, Choi and Luo (2019)
found that global apparel brands using EDI in conjunction with TMS reduced cycle times by over
25% in their Asian export operations. However, EDI remains constrained by limited
interoperability, high onboarding costs, and the rigid nature of predefined data formats (Zhang et
al., 2019). Smaller suppliers and logistics providers in developing countries often struggle with the
technical requirements of EDI systems, resulting in exclusion from brand-integrated traceability
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platforms (Mandolla et al.,, 2019). Moreover, EDI systems typically offer point-to-point
communication and lack the decentralized transparency that many apparel buyers seek for
traceability assurance (Helo & Hao, 2019). Nonetheless, EDI continues to underpin cross-border
apparel shipment flows as a reliable, though somewhat inflexible, digital tracking tool embedded
in customs, freight, and port management processes (Zhang et al., 2019).

Figure 9: Comparative Governance Models for Multi-Tier Traceability in
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TradeLens and Other Blockchain Initiatives in Apparel Logistics

TradeLens, developed by IBM and Maersk, is one of the most prominent blockchain initiatives
applied to global shipping and logistics, offering decentralized documentation and container
visibility that has gained traction in the apparel sector (Abdullah Al et al., 2022; Jensen et al., 2019).
Operating as a permissioned blockchain platform, TradeLens enables stakeholders—such as
shipping lines, port operators, customs authorities, and apparel brands —to access a shared ledger
of immutable records for each shipment (Anika Jahan et al., 2022). In cross-border apparel logistics,
where container congestion, transit delays, and document fraud are common, TradeLens offers
transparency by timestamping critical events such as cargo loading, customs clearance, and
handovers (Jovanovic et al., 2022; Khan et al., 2022). Empirical studies show that brands using
TradeLens report improved trust among supply chain actors, reduced demurrage costs, and
enhanced real-time access to shipment milestones (Rahaman, 2022; Yang, 2019). Apparel exporters
in Asia have noted its role in minimizing customs hold-ups through faster data exchange between
authorities and logistics partners. However, the platform’s effectiveness relies on ecosystem
participation; ports and logistics actors that do not integrate remain blind spots in the traceability
chain (Jansen-Vullers et al., 2003; Masud, 2022). Furthermore, TradeLens primarily digitizes the
container journey rather than providing upstream traceability from raw material to finished
garment (Hossen & Atiqur, 2022; Yang, 2019). Despite these limitations, TradeLens remains a
reference point for blockchain-enabled shipment documentation, offering a verifiable ledger that
complements compliance mandates under frameworks such as the U.S. Uyghur Forced Labor
Prevention Act and EU due diligence laws. It has emerged as a partial yet scalable tool for
reinforcing downstream transparency in apparel logistics.
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Figure 10: Blockchain-Based Traceability Framework for Apparel Logistics
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Traceability-as-a-Service (TaaS): Emerging Business Models

Traceability-as-a-Service (TaaS) refers to cloud-based, subscription-driven platforms that offer
modular, scalable solutions for tracking supply chain activities without requiring in-house
infrastructure. These services deliver traceability tools as externally managed systems, enabling
brands to monitor suppliers, materials, certifications, and logistics activities through digital
dashboards and integrated data pipelines (Mohan & Ramesh, 2007; Sazzad & Islam, 2022). TaaS
platforms have proliferated in the apparel sector due to increasing regulatory pressures, stakeholder
scrutiny, and the growing complexity of multi-tiered supply chains (Shaiful et al., 2022). Leading
providers such as TrusTrace, TextileGenesis, Sourcemap, and Provenance offer end-to-end visibility
tools that allow apparel brands to map supplier networks, upload compliance documents, and
verify product origin across raw material, production, and distribution stages (Goswami, 2014;
Akter & Razzak, 2022). These platforms typically integrate with existing ERP, SCM, and blockchain
tools to minimize data silos and improve process automation (Henninger, 2015). TaaS models
benefit especially small and medium-sized enterprises (SMEs) that lack the resources to build
proprietary traceability infrastructure, enabling them to comply with brand mandates and access
global markets (Pérez et al., 2020). Moreover, TaaS offerings are often aligned with environmental
and social certification programs, serving as intermediaries that store, validate, and report
sustainability data for ESG audits and legal documentation (Storga et al., 2011). Despite their
advantages, TaaS adoption is shaped by subscription pricing, user accessibility, and compatibility
with legacy systems. As a result, TaaS represents a growing service-oriented model for
implementing traceability across apparel supply chains with minimal technological disruption and
enhanced data centralization.
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Figure 11: Traceability-as-a-Service (TaaS) Model in Apparel Supply Chains
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TaaS platforms offer a diverse array of functionalities tailored to the needs of apparel brands and
manufacturers, particularly in tracking orders, managing vendor data, and documenting
compliance across jurisdictions. Most platforms include supplier onboarding modules, document
repositories, real-time risk flagging systems, and mapping tools that visualize supplier locations
and interdependencies (Mejias et al., 2019). Advanced systems also include certificate verification
engines linked to standards such as GOTS, OEKO-TEX, SA8000, and BSCI, which automate audit
validation and eliminate manual checks. For example, TextileGenesis tokenizes fiber origin data
and tracks it digitally through multiple tiers, while TrusTrace offers integration with over 7,000
suppliers globally to streamline the collection of tier-specific information. Sourcemap provides
customizable dashboards for sourcing visibility, while Provenance specializes in consumer-facing
product-level transparency (Chrysochou et al., 2009). These platforms often support multilingual
interfaces and API-based data integration with ERP and blockchain systems, allowing traceability
information to be embedded into production and logistics workflows (Agrawal & Pal, 2019). TaaS
providers also enable geospatial analytics to identify sourcing hotspots or unauthorized
subcontracting practices, a feature increasingly relevant for regulatory compliance under laws like
the Uyghur Forced Labor Prevention Act (Garcia-Torres et al., 2019). However, disparities exist in
functional maturity; while some platforms support granular, style-level tracking, others operate at
a macro level without SKU-specific differentiation (Canavari et al., 2010). These differences
influence brand decisions regarding vendor selection and contract inclusion of traceability clauses.
Thus, the functional scope of TaaS offerings determines their utility in meeting the unique logistical
and compliance needs of apparel supply chains.

The growing adoption of Taa$S in the apparel industry is influenced by a confluence of regulatory
mandates, reputational concerns, and organizational capabilities. Brands facing due diligence
requirements from the EU, the U.S., and Canada have turned to TaaS providers to streamline
supplier documentation, chain-of-custody validation, and ESG reporting. Simultaneously,
stakeholder expectations for ethical and sustainable sourcing —amplified by NGOs, consumers, and
investors—have pressured brands to adopt digital traceability systems as part of their risk
management and CSR frameworks (Marconi et al., 2017). Internal drivers also play a significant role:
firms with high digital maturity, cross-functional coordination between sourcing and compliance
departments, and established ERP or SCM systems find it easier to onboard TaaS platforms (Garcia-
Torres et al.,, 2021). TaaS services are typically delivered through software-as-a-service (SaaS)
contracts, with tiered subscription pricing based on user numbers, supply chain complexity, and
integration depth (Goswami, 2014). Brands integrate TaaS tools via plug-ins or APIs that link to
existing supplier portals or auditing platforms, minimizing disruptions and facilitating scalability.
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In decentralized apparel networks, where suppliers operate across multiple tiers and jurisdictions,
TaaS enables centralized oversight with distributed data capture (Pérez et al., 2020). Additionally,
collaborative business models are emerging, in which brands subsidize or mandate TaaS use by
suppliers, embedding traceability expectations into procurement contracts (Storga et al., 2011).
These approaches create shared accountability but also raise concerns about unequal cost-sharing
and digital access gaps, particularly for suppliers in resource-constrained contexts (Mejias et al.,
2019). The adoption landscape for TaaS in apparel is thus shaped by both institutional pressures
and firm-level strategic alignment.
METHOD
This study adopts a meta-analytical literature review methodology to synthesize and evaluate
empirical research on traceability practices in apparel manufacturing. Recognizing the
interdisciplinary nature of traceability —which spans supply chain management, digital systems
integration, corporate governance, and sustainability —the review integrates both qualitative and
quantitative findings from scholarly sources, industry reports, and institutional documentation. The
objective is to analyze the deployment and efficacy of traceability mechanisms such as real-time
order tracking, vendor oversight tools, export visibility systems, and platform integrations
involving ERP, SCM, TMS, MES, and blockchain. The meta-analytic approach allows for the
aggregation of recurring patterns, thematic overlaps, governance models, and technological
outcomes documented in the literature over the
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ensure reliability, 20% of the documents were independently coded by a second reviewer, achieving
a Cohen’s kappa coefficient of 0.84. Coding and thematic analysis were conducted using NVivo 14
software, enabling efficient data categorization, retrieval, and pattern recognition. Studies were
categorized based on whether they measured traceability outcomes through digital system
performance, supplier participation, or documentation accuracy. Particular attention was paid to
how various traceability systems interacted with labor compliance efforts, export documentation
practices, and multi-tier vendor mapping initiatives.

FINDINGS

The first significant finding to emerge from the analysis is the dominance of traceability
implementation at the Tier 1 level, with relatively limited visibility beyond that point. Most of the
reviewed studies focused heavily on tracking compliance, workflow, and shipment statuses at Tier
1 factories — those directly contracted by brands —where traceability systems such as ERP and SCM
tools are most often deployed. These systems were routinely used to monitor quality control,
delivery timelines, and workforce documentation. However, far fewer studies reported consistent
traceability practices at Tier 2 and Tier 3 levels, which include fabric mills, dyeing units, and raw
material suppliers. The absence of formal relationships between brands and these deeper-tier
entities was a recurring theme across the dataset. This structural gap resulted in a narrow visibility
band in traceability chains, concentrated at the most visible production nodes but increasingly
fragmented further upstream. Mapping exercises involving Tier 2+ suppliers were typically carried
out as pilot projects, often through specialized traceability platforms, but were rarely
institutionalized within brands’ supply chain management systems. The coded data revealed that
brands predominantly relied on first-tier partners to cascade traceability requirements further down
the chain, a strategy that lacked uniform enforcement and yielded incomplete mapping outcomes.
The synthesis indicates that despite technological tools being available for multi-tier integration,
traceability efforts remain largely surface-level, focused on actors closest to export-ready product
assembly rather than the full production journey.

Figure 13: Evolving Focus of Traceability Themes in Apparel Supply Chains (2010-2022)
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The second key finding reveals a divide between operational and strategic traceability practices
within organizations. Many firms adopted traceability tools for logistical and compliance-related
functions, such as shipment documentation, factory audits, and inventory tracking. However,
relatively few integrated these systems into broader strategic planning or sustainability governance.
This disconnect was particularly evident in how traceability tools were evaluated and reported.
Operational teams typically measured success through fulfillment metrics —like lead time
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reduction, defect tracking, or stock rotation —while strategic teams focused on reputational risk and
compliance coverage. As a result, traceability systems were often siloed, managed separately by
sourcing departments and CSR divisions, without centralized coordination or unified data flows.
The meta-analysis revealed that firms with greater internal integration across these functions
exhibited more consistent traceability results across tiers, suggesting that fragmented organizational
structures inhibit comprehensive traceability implementation. Moreover, many tools operated in
isolation rather than as part of an integrated ERP-MES-WMS-TMS framework, limiting their utility
in cross-functional decision-making. Findings from the meta-coded themes also suggested that
strategic value from traceability systems remained under-leveraged, particularly in vendor selection
and long-term procurement planning. In cases where traceability data was integrated into strategic
dashboards or supplier performance evaluations, visibility and data quality improved significantly.
These findings reinforce the conclusion that internal alignment—both technological and
organizational —is a critical enabler of end-to-end traceability.
Another critical insight derived from the analysis is the influential role of governance models in
shaping traceability outcomes. Studies coded under coercive governance models—those
characterized by audit enforcement, compliance penalties, and top-down control—tended to
document short-term visibility improvements, especially at Tier 1. However, these were often
accompanied by low supplier engagement, audit fatigue, and data inconsistencies. In contrast,
collaborative governance approaches, where brands engaged suppliers through training, joint
platforms, and incentive programs, produced more sustained and deeper traceability. Collaborative
models were more likely to succeed in Tier 2+ mapping, as they fostered supplier participation and
transparency through relationship-building and knowledge exchange. The analysis showed that
hybrid governance approaches—blending contractual enforcement with collaborative
mechanisms — offered balanced results, improving traceability without alienating suppliers. These
patterns were clearly visible in the coded results across studies, where governance type was a
primary variable. Traceability platforms adopted under collaborative models also displayed higher
update rates, data accuracy, and certification integration. In contrast, purely coercive approaches
frequently resulted in traceability data being reduced to a compliance checkbox, with limited
analytical or strategic value. These findings underscore the importance of governance alignment in
traceability system effectiveness, highlighting that traceability is not solely a technical endeavor but
also an institutional and relational process requiring structured trust and shared responsibility.
The fourth major finding centers on the operational advantages and limitations of blockchain and
Electronic Data Interchange (EDI) systems in cross-border shipment traceability. EDI systems were
widely implemented across established apparel logistics channels and were primarily used to
facilitate the standardized exchange of shipping documents, customs data, and port clearances. The
coded evidence pointed to their reliability, regulatory alignment, and widespread institutional
adoption. However, EDI systems offered limited flexibility, transparency, and interoperability,
particularly across decentralized production hubs and logistics intermediaries. By contrast,
blockchain-based platforms such as TradeLens and TextileGenesis showed significant potential in
enhancing transparency, shipment authentication, and data immutability. These systems were
particularly effective in environments requiring chain-of-custody documentation and regulatory
compliance tracking, including anti-forced labor legislation. Nevertheless, blockchain tools were
often applied to isolated supply chain segments and constrained by issues such as low participant
onboarding, high setup costs, and limited standardization across jurisdictions. The coded literature
indicated that hybrid models—layering blockchain verification over traditional EDI-based
systems — offered more practical outcomes than exclusive reliance on either. This finding supports
the assertion that the logistical traceability landscape in apparel is most effectively supported by
systems designed to interoperate across traditional and emerging infrastructures. However, success
in these implementations consistently hinged on the degree of actor participation and the
governance structure within which the digital systems were embedded.
The fifth and final finding highlights the growing influence of Traceability-as-a-Service (TaaS)
platforms in operationalizing traceability for both brands and suppliers. These cloud-based systems
19


https://ijsir.org/index.php/IJSIR/index
https://doi.org/10.63125/dj9fgy65

International Journal of Scientific Interdisciplinary Research
Vol 1, No 1, December 2022
https:/ /doi.org/10.63125/di9fey65

emerged frequently in the coded data as flexible, modular, and relatively low-barrier tools that
allowed brands to collect and organize compliance, location, certification, and shipment data from
multiple actors. TaaS models were especially useful for small and mid-sized brands that lacked the
IT resources to build proprietary traceability infrastructure. The analysis revealed that these
platforms were most effective when embedded directly into vendor onboarding processes and
procurement contracts. Many of the studies coded under this theme emphasized the importance of
integration between TaaS platforms and core enterprise systems like ERP and SCM, noting that
traceability data remained underutilized when siloed in standalone portals. Additionally, the
findings indicate that while TaaS platforms enhanced visibility and data centralization, they often
faced adoption challenges among suppliers due to digital illiteracy, cost-sharing concerns, and
perceived surveillance. Some evidence also pointed to underreporting and delayed data updates
when Taa$S systems were not mandatory or properly enforced by brands. Despite these limitations,
the meta-analysis identified TaaS as a rapidly scaling traceability model that reduced entry barriers
for system adoption and provided pre-configured solutions aligned with evolving legal and ESG
requirements. Overall, these platforms represent a pragmatic method for operationalizing
traceability and extending digital oversight across geographically dispersed apparel supply chains.
DISCUSSION

The findings of this meta-analysis highlight a critical gap in traceability practices between Tier 1
and Tier 2+ suppliers in apparel supply chains. This study confirms earlier research that Tier 1
traceability is more common due to formal contractual ties, access to digital systems, and frequent
buyer oversight. Prior studies such as those by Chrysochou et al. (2009) and Agrawal and Pal (2019)
also documented this divide, emphasizing that brands typically limit monitoring to immediate
suppliers while relying on indirect governance to cascade expectations further upstream. The
current analysis reinforces this pattern and demonstrates that tools like ERP and SCM platforms are
almost exclusively deployed at the Tier 1 level, with limited extension to fabric mills, dyeing units,
or raw material sources. This echoes Garcia-Torres et al. (2019) assertion that the structural
fragmentation of supply chains undermines end-to-end traceability. However, this study
contributes a more granular understanding by distinguishing between formal and informal
subcontracting relationships, showing that traceability declines sharply in networks involving
unregistered or unauthorized vendors. While previous literature has acknowledged this opacity,
few have synthesized how digital platforms and governance models can actively either bridge or
exacerbate it. This meta-analysis therefore provides stronger empirical grounding for the claim that
traceability beyond Tier 1 remains an unresolved and systematically overlooked domain within
apparel sourcing.

A key contribution of this study is the illumination of internal misalignment within organizations
regarding traceability implementation. The analysis found that operational teams often approach
traceability as a compliance and logistics issue, while strategic departments frame it through the
lens of risk mitigation, ESG reporting, or brand reputation. This disconnect undermines the
integrative potential of traceability systems, even when technological tools are present. While
studies such as Canavari et al. (2010) and Marconi et al. (2017) have acknowledged the role of
internal governance in shaping sustainability outcomes, this study demonstrates that intra-
organizational fragmentation also weakens traceability performance. The literature by Garcia-
Torres et al. (2021) supports this finding, suggesting that cross-functional integration is necessary
for robust supply chain governance. However, prior research often treated this integration as an
implicit precondition rather than a critical variable. By foregrounding organizational alighment as
a determinant of traceability effectiveness, this meta-analysis extends the conversation beyond
systems architecture and supplier compliance. Moreover, the synthesis shows that integrated data
flows across ERP, MES, TMS, and WMS platforms only deliver meaningful insights when
organizations have mechanisms to translate those insights into actionable governance. This aligns
with Saak (2016), who argued that the value of digital systems is contingent on institutional maturity
and cross-departmental coordination.
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The role of governance models —whether coercive or collaborative —emerged as a crucial theme in
this analysis, confirming and extending existing theoretical frameworks. Ouertani et al. (2011)
posited that buyer-driven global value chains often impose top-down compliance through codes of
conduct, audits, and corrective action plans. This study supports those claims but adds nuance by
showing that coercive governance often yields shallow traceability outcomes, especially in terms of
data quality and supplier engagement. These findings are consistent with the critiques made by Joy
and Pefia (2017), who emphasized the limitations of audit-based governance. In contrast, the
analysis shows that collaborative models —such as those implemented through shared platforms,
incentive systems, and capacity-building initiatives—tend to produce more sustained visibility,
particularly at Tier 2 and Tier 3. These results validate the arguments of Sunny et al. (2020) and
Gobbi and Massa (2015), who advocated for trust-based governance. Moreover, the study's
emphasis on hybrid approaches reflects an emerging consensus that a balanced governance strategy
is most effective. While previous research acknowledged this possibility, this study offers a
comparative synthesis of outcomes under each governance model across multiple tiers and regions.
It shows that governance frameworks not only influence supplier behavior but also determine the
success or failure of traceability systems as institutional mechanisms.
In comparing EDI and blockchain applications for cross-border apparel shipment tracking, the
findings of this study confirm previously documented distinctions in functionality, adoption, and
impact. EDI has been recognized for its role in automating logistics documents and enabling
standardized communication across established trade routes (Agrawal et al., 2018). This study
supports those conclusions by highlighting the reliability and regulatory alignment of EDI systems,
especially when integrated into TMS platforms. However, it also reinforces the limitations of EDI,
such as inflexibility, lack of visibility across intermediaries, and poor interoperability with newer
platforms. The advantages of blockchain —namely decentralized verification, immutability, and
multi-stakeholder accessibility —are supported by this study, as seen in applications like TradeLens.
Zhang and Kraisintu (2011) and Ouertani et al. (2011) similarly emphasized these features, but this
analysis adds depth by comparing how blockchain performs when layered over existing EDI
systems. Unlike many earlier studies, this research evaluates blockchain not as a disruptive
innovation but as a complementary tool that enhances, rather than replaces, traditional logistics
systems. Moreover, this study affirms the findings of Saak (2016), which pointed out that
blockchain's utility depends on ecosystem participation. Without broad onboarding across ports,
customs, and freight intermediaries, the traceability benefits of blockchain remain partial. Thus, the
findings support a dual-track approach where blockchain verifies high-risk or high-value nodes
while EDI continues to handle standardized transactions.
The emergence of Traceability-as-a-Service (TaaS) platforms as a business model represents one of
the most novel contributions of this study. While existing research has explored platform-based
traceability tools, few studies have conceptualized them as subscription-based services akin to other
Software-as-a-Service (SaaS) models. This meta-analysis shows that TaaS platforms offer scalable,
modular solutions that lower entry barriers for both brands and suppliers, particularly SMEs. These
findings build on the groundwork laid by Joy and Pefia (2017), who emphasized the flexibility and
accessibility of cloud-based tools. The study also confirms that platforms like TrusTrace and
TextileGenesis have become central nodes in apparel traceability ecosystems, offering pre-
integrated solutions for vendor onboarding, certification validation, and supply chain mapping.
However, consistent with the critiques made by Sunny et al. (2020) and Sarpong (2014), this study
reveals persistent adoption challenges related to digital literacy, cost-sharing, and supplier
resistance. The findings also corroborate Garcia-Torres et al. (2021), who noted that voluntary
traceability tools often suffer from incomplete or delayed data updates. Unlike earlier literature that
treated these platforms primarily as technical tools, this study conceptualizes TaaS as socio-
technical infrastructures whose effectiveness is mediated by institutional power, governance
expectations, and vendor-brand relationships.
The operationalization of traceability tools —especially those built on TaaS, ERP, and blockchain —
was consistently shown to depend on the integrity of initial data input and the governance
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framework surrounding their use. This aligns with the “garbage in, garbage out” critique raised in
previous studies, where the sophistication of digital tools fails to deliver meaningful outcomes if
the data fed into them is inaccurate or manipulated (Mohan & Ramesh, 2007). This study
strengthens that critique by documenting how data reliability declines when traceability is
externally enforced rather than collaboratively developed. Earlier work by Goswami (2014) and
Henninger (2015) emphasized the need for trust and verification at the data entry level, and this
meta-analysis corroborates those points. Additionally, this study found that traceability tools that
did not link to formal remediation processes or performance improvement systems tended to be
underutilized. In contrast, firms that used traceability data to inform procurement decisions, vendor
performance scoring, and compliance reporting demonstrated significantly stronger supply chain
visibility. This supports the assertion made by Pérez et al. (2020) that traceability is most effective
when embedded into core business processes. The study thus reinforces the argument that
technological capability must be supported by institutional mechanisms of accountability,
incentives, and strategic alignment.

The final discussion point centers on the broader institutional and structural barriers that limit
traceability effectiveness across the apparel industry. Previous literature has pointed to systemic
issues such as informal subcontracting, weak labor law enforcement, and digital divides as major
obstacles to supply chain transparency (Storga et al., 2011). This meta-analysis confirms these
insights but also clarifies how these structural barriers interact with platform design, governance
models, and organizational readiness. For example, even well-designed TaaS platforms or
blockchain systems fail when used in contexts characterized by poor infrastructure, regulatory
ambiguity, or power asymmetries. These findings align with the perspectives of Mejias et al. (2019)
and Chrysochou et al. (2009), who argued that digital tools alone cannot overcome structural
inequities. Furthermore, the analysis reveals that most traceability systems have been designed with
the needs of large brands in mind, often marginalizing small suppliers who face technological and
financial entry barriers. This supports Garcia-Torres et al. (2019) critique that sustainability tools in
apparel tend to reflect buyer-centric priorities. Thus, the findings of this study contribute to a
growing body of work advocating for traceability approaches that are not only technologically
robust but also socially inclusive, contextually adaptable, and structurally aware.

CONCLUSION

This study has conducted a comprehensive meta-analysis of empirical literature on traceability
systems in apparel manufacturing, synthesizing findings across real-time order tracking, vendor
management, export visibility, and emerging digital platforms such as ERP, SCM, MES, TMS,
blockchain, and Traceability-as-a-Service (TaaS). The analysis revealed significant disparities
between Tier 1 and Tier 2+ traceability, underscoring the continued opacity in upstream supply
chain tiers despite the availability of technical solutions. It also highlighted the importance of
organizational alignment, showing that fragmented internal structures often hinder the strategic
integration of traceability tools. The effectiveness of traceability systems was found to be highly
contingent upon the governance model applied, with collaborative and hybrid approaches yielding
deeper and more sustainable transparency than coercive ones. Furthermore, the study compared
the utility of EDI and blockchain systems, revealing that each offers complementary strengths,
especially when combined within hybrid tracking architectures. The findings also illustrated that
TaaS models are increasingly shaping how brands operationalize traceability, though challenges
related to adoption, standardization, and data reliability persist. Across all themes, the meta-
analysis affirmed that technological capability alone is insufficient; the success of traceability
systems depends on governance quality, actor participation, data integrity, and structural inclusion.
In doing so, this study contributes new insight into the institutional, technical, and relational
dynamics that shape traceability outcomes in the global apparel sector.
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