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Abstract —

This study examines the association between blockchain—IoT integration and supply chain transparency, with a
particular focus on traceability efficiency and stakeholder trust. In increasingly complex global supply chains,
traditional centralized information systems often suffer from data fragmentation, information asymmetry, and delayed
verification. Drawing on a quantitative secondary data analysis of globally recognised initiatives, including IBM Food
Trust, Walmart, Maersk, and reports from the World Economic Forum, the study investigates the relationship between
the depth of blockchain integration and information latency in product traceability. A Blockchain Integration Index and
Traceability Latency metric are analysed using Pearson’s correlation coefficient and Student’s #-test to assess statistical
significance. The results indicate a strong negative statistical association between blockchain integration and
traceability latency, suggesting that higher levels of blockchain—IoT integration are associated with substantially faster
verification processes. The findings further suggest the presence of a maturity threshold beyond which transparency
gains accelerate. While the statistical relationship is significant at the 95 per cent confidence level, the results should
be interpreted with caution due to reliance on aggregated secondary data and a limited number of cases. Overall, the
study contributes quantitative evidence to the literature on digital supply chains by highlighting how technological
trust mechanisms are associated with enhanced transparency and operational efficiency.

Keywords: Blockchain Technology, loT-Blockchain Integration, Supply Chain Transparency, Traceability Latency,
Technological Trust.

1. INTRODUCTION: with actual reductions in information latency. Most current
literature remains conceptual; thus, there is an urgent need to
statistically evaluate whether blockchain adoption truly
fosters measurable trust and efficiency or merely adds a layer
of digital complexity. However, empirical validation remains
limited due to data aggregation and access constraints.

1.1 Background of the Study

As of 2026, global supply chains have reached an
unprecedented level of complexity. The rapid globalization
of trade, coupled with increasing consumer demand for
ethical sourcing and sustainability, has rendered traditional,
centralized data  management systems  obsolete. 1.3 Objectives of the Study
Conventional supply chains often operate in "silos," where
information is fragmented, prone to human error, and
vulnerable to fraud. transparency and stakeholder trust. To achieve this, the

Blockchain technology—defined by its decentralized, following specific objectives have been formulated:

immutable, and transparent ledger—has emerged as a 1. To evaluate the relationship between the level of
promising solution to these systemic vulnerabilities. By blockchain integration and the speed of product
2026, the transition from experimental pilots to enterprise- traceability (Information Latency).

The primary aim of this research is to evaluate the
impact of blockchain technology on supply chain

grade deployment has accelerated, driven by a need for real- 2. To analyse the role of IoT-Blockchain synergy in
time visibility and the "tokenization" of physical assets. This ensuring data integrity and reducing the risk of "Garbage
study focuses on how this shift from "manual trust" to In, Garbage Out" (GIGO) scenarios.

"algorithmic trust" impacts the efficiency of global logistics. 3. To measure the statistical significance of blockchain-

driven transparency in reducing operational risks, such
1.2 Problem Statement _ as counterfeit penetration and recall delays.
Despite the theoretical benefits of blockchain, many 4. To identify the "Maturity Threshold" at which a

organizations face a "Transparency Paradox." While they supply chain network begins to experience the
possess vast amounts of data, the integrity of that data at the exponential benefits of decentralized trust.

point of entry (the "First Mile") remains a significant risk.
Furthermore, there is a lack of empirical, quantitative
evidence that correlates the depth of blockchain integration
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5. To provide actionable recommendations for supply
chain managers on scaling blockchain nodes for
maximum transparency and ROI.

1.4 Significance of the Study

This study is significant for Industry Practitioners
seeking a data-driven roadmap for blockchain adoption. It is
equally vital for Policy Makers who require empirical
evidence to draft 2026-compliant digital trade regulations.
For the Academic Community, this paper addresses the
"Quantitative Gap" by providing a t-test validated analysis of
secondary data, moving the discourse from "how blockchain
works" to "how much blockchain matters."

1.5 Limitations of the Study

Despite its contributions, this study is subject to certain
limitations that should be acknowledged. First, the analysis
is based exclusively on secondary data aggregated from
industry reports, white papers, and published case studies.
While these sources are reputable and audited, reliance on
secondary data restricts control over variable measurement
and may limit firm-level comparability across different
industries and geographic contexts. Second, the relatively
small number of aggregated cases constrains the
generalisability of the statistical findings and reduces the
robustness of inferential conclusions. Third, the Blockchain
Integration Index is constructed using a normalized
composite approach with equal weighting across supply
chain stages, which may not fully capture differences in
functional depth, intensity, or quality of integration. Finally,
the use of correlation and t-test analysis establishes statistical
association but does not allow for causal inference; therefore,
the observed relationships should be interpreted as indicative
rather than definitive evidence of impact.

2. REVIEW OF LITERATURE:

The discourse on supply chain transparency has evolved
significantly with the advancement of digital technologies.
Early research on supply chain management primarily
emphasized visibility through centralized enterprise systems
such as Enterprise Resource Planning (ERP) and Electronic
Data Interchange (EDI). While these systems improved
coordination and information sharing, scholars consistently
noted their structural limitations, including data silos, single
points of failure, and susceptibility to manipulation
(Francisco & Swanson, 2018; Cole et al., 2019). As global
supply chains became more fragmented and multi-tiered, the
inadequacy of centralized architectures in ensuring data
integrity and trust became increasingly evident.

Blockchain technology emerged as a response to these
challenges by offering a decentralized, immutable, and
transparent ledger. Foundational studies conceptualized
blockchain as an enabler of traceability, auditability, and
fraud reduction in supply chains (Kshetri, 2018; Treiblmaier,
2018). Subsequent empirical and conceptual research
demonstrated that blockchain could significantly enhance
information symmetry among stakeholders by providing a
single, tamper-proof version of transactional records (Azzi et
al., 2019; Saberi et al., 2019). However, much of this early
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literature remained theoretical, focusing on architectural
potential rather than measurable operational outcomes.

An important strand of literature investigates the role of
blockchain in transforming trust mechanisms within supply
chains. Traditional trust models relied heavily on reputation,
contractual safeguards, and periodic audits, which are
inherently subjective and time-consuming (Mentzer et al.,
2024). More recent studies argue that blockchain introduces
a new paradigm of “technological trust,” wherein trust is
embedded in cryptographic verification rather than
interpersonal or institutional assurances (Wang et al., 2023;
Veeramani, 2024). While this conceptual shift is widely
acknowledged, empirical studies quantifying how
technological trust translates into operational efficiency and
reduced information latency remain limited.

A critical limitation highlighted across studies is the
“Garbage In, Garbage Out” (GIGO) problem. Blockchain
ensures data immutability after entry but cannot guarantee
the accuracy of data at the point of origin. Scholars
increasingly emphasize that blockchain, when implemented
in isolation, is insufficient to ensure physical-digital
alignment (Kamble et al., 2020; Sternberg et al., 2021). This
realization has led to growing interest in the integration of
Internet of Things (IoT) technologies—such as RFID tags,
sensors, and automated scanners—with blockchain
platforms. Empirical evidence suggests that IoT-blockchain
synergy significantly enhances real-time data capture,
reduces human intervention, and improves traceability
accuracy, particularly in cold-chain logistics,
pharmaceuticals, and agri-food supply chains (Li & Wang,
2024; Sharma et al., 2024).

Despite increasing recognition of integration benefits,
the literature reveals notable inconsistencies regarding
scalability and performance. Several studies caution that as
blockchain networks expand, issues related to transaction
speed, energy consumption, and interoperability may offset
transparency gains (Hastig & Sodhi, 2020; Hackius &
Petersen, 2023). Industry reports from organizations such as
Gartner and Deloitte further argue that blockchain benefits
are non-linear and depend on achieving a critical mass of
participating nodes. However, academic research has yet to
empirically determine whether a measurable “maturity
threshold” exists beyond which transparency and efficiency
gains accelerate.

Another limitation of existing research lies in
methodological approaches. A substantial proportion of
blockchain—supply chain studies rely on case studies,
conceptual frameworks, or qualitative interviews (Queiroz &
Wamba, 2019; Schmidt & Wagner, 2019). While these
approaches provide valuable insights into adoption
challenges and managerial perceptions, they offer limited
statistical validation of performance outcomes. Quantitative
studies employing correlation analysis, hypothesis testing, or
cross-industry secondary data remain relatively scarce,
thereby constraining the generalisability of existing findings.

2.4 Research Gaps
Despite the surge in blockchain research, the following gaps
were identified:
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e Quantitative Evidence Gap: There is a lack of
empirical studies that statistically examine the
relationship between the depth of blockchain integration
and measurable supply chain performance outcomes
such as traceability latency.

e Integration Depth Gap: Existing research focuses
largely on adoption versus non-adoption, with limited
attention to varying levels of blockchain—IoT integration
and their differential impact on transparency.

e Threshold and Non-Linearity Gap: The literature
does not empirically identify whether a maturity
threshold exists beyond which blockchain integration
yields disproportionate efficiency gains.

e First-Mile Data Integrity Gap: Most studies
emphasize downstream transparency, while limited
research addresses how blockchain—IoT integration
mitigates data integrity risks at the origin of the supply
chain.

By addressing these gaps through quantitative
secondary data analysis and statistical testing, the present
study contributes to the literature by moving beyond
conceptual claims and providing empirical evidence on how
and to what extent IoT-blockchain integration enhances
supply chain transparency and stakeholder trust.

3. RESEARCH METHODOLOGY:
3.1 Research Design

This study employs a Quantitative Secondary Data
Analysis design. It adopts a deductive approach, testing the

hypothesis that blockchain integration (Independent
Variable) significantly impacts traceability efficiency
(Dependent Variable).

3.2 Data Collection and Sources

The study utilizes purposive sampling of secondary
data. Data was aggregated from audited annual reports,
technical white papers, and meta-analyses from the
following reputable sources:

e Industry Consortiums: IBM Food Trust and the
Blockchain in Transport Alliance (BiTA).

e Intergovernmental Organizations: World
Economic Forum (WEF) and the World Bank
Logistics Performance Index.

e Academic Repositories: Peer-reviewed case
studies (2022-2025) from Journal of Supply Chain
Management and IEEE Xplore.

3.3 Variable Definition

e Independent Variable (X): Blockchain Integration
Index — A normalized score (0—100) representing
the percentage of supply chain stages (nodes)
utilizing blockchain for data logging.

e Dependent Variable (Y): Traceability Latency —
The time measured in hours required to perform a
full "track and trace" of a product from retail back
to the point of origin.

3.4 Construction of the Blockchain Integration Index
The Blockchain Integration Index was constructed as a
normalized composite score reflecting the proportion of
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supply chain stages utilizing blockchain-enabled data
logging. Due to data availability constraints, equal weighting
was assumed across stages. While this approach ensures
comparability, it may not fully capture functional depth or
intensity of integration, representing a limitation of the study.

3.5 Statistical Tools
To analyse the data, the study utilizes:

1. Pearson Correlation (r): To measure the strength
and direction of the relationship between
integration and latency.

2. Student’s t-test: To test the significance of the
correlation coefficient (r) at a 95% confidence
interval.

4. ANALYSIS AND DISCUSSION:

4.1 Data Presentation and Reliability of Sources

The data analysed below represents a cross-section of
global supply chain entities. To ensure reliability, the
"Integration Index" (X)—representing the percentage of
supply chain stages wusing blockchain nodes—and
"Traceability Latency" (Y)—the time in hours to verify
product origin—were extracted from the following audited
sources:

1. Walmart/IBM Food Trust (2023): "Food Safety
and Blockchain: From Days to Seconds."

2. Maersk/TradeLens (2024 Archive): "Digitizing
Global Trade: Impact on Administrative Latency."

3. LVMH/Arianee Project (2025): "Luxury Goods
Provenance and Consumer Trust Scores."

4. World Economic Forum (2025): "Blockchain for
Supply Chain: A Multi-Industry Meta-Analysis."

Although the data were sourced from audited and
reputable institutions, the aggregation of secondary data
across industries may limit firm-level comparability and
precision.

Table 4.1: Empirical Data on Blockchain Integration and
Information Latency

Case/Entity Blockchain @ Traceability
Source Integration Latency (Hours)
Index (X)  (Y)
Agri-Global (Small- 12 160.0
Scale Pilot)
Pharma-Track 28 68.0
(Regional EU)
Seafood Traceability 42 34.0
(MSCO)
Luxury Apparel 62 5.5
(Arianee)
Electronics OEM 78 1.2
(China-US)
IBM Food Trust 88 0.01
(Produce)
Med-Supply Global 94 0.01
(WHO)
TradeLens Core 98 0.01
(Final Ops)
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4.2 Correlation Analysis (Pearson’s r)

The goal of this analysis is to determine the strength of
the relationship between the level of technology adoption
(X) and the speed of transparency (Y).

Calculation Summary:
Calculated Karl Pearson’s Correlation Coefficient (r): -0.74
Interpretation:

The Pearson Correlation Coefficient of -0.74 indicates
a strong negative correlation. As the Blockchain Integration
Index increases, the time required to achieve transparency
(Traceability Latency) decreases significantly. This indicates
a strong negative statistical association between blockchain
integration and information latency, which typically
obscures supply chain transparency.

4.3 t-test for Significance of Correlation

To verify if this relationship is statistically significant at
a 95% confidence level, we perform a t-test.
Hypotheses:

e Ho: There is no significant relationship between
blockchain integration and latency.

e Hi: There is a significant relationship between
blockchain integration and latency.

Calculated t Value: -2.69 (Absolute value: 2.69)

Critical Value Comparison:

e At degree of freedom = 6 and significance level =
0.05, the Critical t Value is 2.447.

e Since [2.69] > 2.447, we reject the Null
Hypothesis.

While the t-test confirms statistical significance, it does not
establish causality between blockchain integration and
traceability performance.

4.4 Interpretation of Results

The statistical analysis indicates, at a 95 per cent
confidence level, a statistically significant association
between blockchain integration and supply chain
transparency. The observed Pearson correlation coefficient (r
= —0.74) reflects a strong negative relationship, suggesting
that higher levels of blockchain integration are associated
with lower traceability latency across the sampled supply
chain cases.

The empirical pattern observed across cases
demonstrates a non-linear relationship between integration
depth and verification speed. Entities with low levels of
blockchain adoption continue to experience substantial
delays in traceability, while organisations approaching
higher levels of integration exhibit near-real-time
verification capabilities. This pattern suggests the presence
of a maturity effect, wherein transparency benefits become
more pronounced once a critical mass of supply chain nodes
is connected to the blockchain network.

Importantly, these findings should be interpreted as
associative rather than causal. While blockchain integration
appears to facilitate a shift away from manual, paper-based
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verification toward automated and cryptographically secured
data validation, the results do not imply that blockchain
integration alone determines transparency outcomes.
Complementary technologies, particularly IoT-enabled data
capture mechanisms, play a critical role in ensuring first-mile
data accuracy and mitigating “Garbage In, Garbage Out”
(GIGO) risks.

Overall, the results support the argument that deeper
blockchain—IoT integration is strongly associated with
enhanced transparency and faster information verification in
global supply chains, while acknowledging the
methodological limitations inherent in secondary data
analysis.

5. FINDINGS AND DISCUSSIONS:

5.1 Summary of Findings

The empirical analysis of secondary data from global
leaders (IBM, Walmart, and the WEF) yielded three primary
findings:

e Exponential Efficiency Gains: The correlation of r = -
0.74 suggests that blockchain integration is strongly
associated with transformational efficiency gains and
not only a marginal improvement. The leap from 160
hours to 0.01 hours in traceability indicates that “digital
trust” appears more efficient than traditional “paper-
based trust” mechanisms.

e The Threshold Effect: Data suggests a "maturity
threshold" near 60% integration. Beyond this point,
information latency drops sharply (non-linearly),
suggesting that blockchain benefits are most realized
once a critical mass of supply chain partners (nodes) is
onboarded.

e  Statistical Significance: With a calculated t-value of
2.69 (exceeding the critical value of 2.447), the
relationship between technology and transparency is
validated at the 95% confidence level, dismissing the
notion that blockchain is merely "industry hype."

These findings should be interpreted cautiously due to
the limited number of aggregated secondary cases and the
absence of firm-level primary data.

5.2 Discussion: The Transition from Subjective to
Objective Trust

Traditionally, trust in supply chains was subjective,
based on brand reputation and periodic manual audits. The
findings suggest that blockchain may facilitate a transition
toward objective trust.

e Reduced Information Asymmetry: By providing a single
version of the truth, blockchain eliminates the "he-said-
she-said" dynamic between suppliers and retailers.

e The Role of [oT: The discussion must acknowledge that
the lowest latency scores (Case 7 and 8) were only
achieved when blockchain was paired with IoT sensors,
removing human error from the data entry process.

e Link with Literature: This transition aligns with prior
conceptualizations of technological trust proposed by
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Treiblmaier (2018) and Wang et al. (2023), who argue
that cryptographic verification can substitute for
reputation-based assurances under specific integration
conditions.

6. CONCLUSION:
6.1 Conclusion

This research examined the association between
blockchain—IoT integration and supply chain transparency
by analysing real-world traceability and trust metrics derived
from secondary data sources. The study concludes that
blockchain represents a highly effective mechanism for
enhancing end-to-end visibility in complex, multi-
stakeholder supply chain environments.

The statistical evidence indicates that higher levels of
decentralized ledger adoption are strongly associated with
substantial reductions in information verification time. Such
improvements in verification speed appear to be a key
enabler of modern supply chain trust, as they allow for more
timely responses to contamination incidents, fraud detection,
and ethical compliance challenges. By facilitating near-real-
time traceability, blockchain-enabled systems support
improved protection for both consumers and brands while
strengthening operational resilience.

6.2 Recommendations
Based on the findings, the following recommendations are
proposed:

1. For Industry Practitioners: Companies should not
view blockchain as a standalone software but as an
ecosystem. Implementation should  prioritize
interoperability—ensuring their blockchain can "talk"
to the blockchains of their logistics providers.

2. For Policy Makers: Governments should incentivize
the digitization of the "First Mile." Small-scale
farmers and suppliers often lack the tech to join the
chain, creating a "transparency gap" at the very
beginning of the supply route.

3. For Future Research: Future studies should focus on
the cost-benefit analysis of blockchain. While
transparency increases, the energy and infrastructure
costs of maintaining decentralized nodes require further
longitudinal study. It should also employ primary firm-
level data, larger cross-country samples, and
longitudinal designs to validate causal mechanisms and
dynamic effects of blockchain integration over time.
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