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Abstract

Supply chains have grown so long, so global, and so fragmented that no single participant can
see the whole of them, and this opacity breeds real problems: counterfeit goods slip in, ethical
and environmental claims cannot be verified, recalls are slow and imprecise, and trust between
partners is expensive to maintain. Blockchain technology, with its promise of a shared, tamper-
evident, distributed record, has been proposed as a way to inject transparency into these tangled
networks. This paper examines the role of blockchain in enhancing supply chain
transparency—what it can actually do, how it does it, and where its limits lie. Combining a
survey of supply chain professionals with an analysis of documented blockchain
implementations, we investigate the relationship between blockchain adoption and dimensions
of transparency including traceability, information sharing, and trust among partners, and we
assess the effect on downstream outcomes such as efficiency and counterfeit reduction. Our
analysis found that blockchain adoption was significantly associated with improved traceability
and stronger inter-partner trust, and that these transparency gains in turn related to operational
benefits and reduced fraud. The relationship, however, was strongly conditioned by the quality
of the data entered into the system and by the willingness of supply chain partners to
collaborate, since a blockchain faithfully records whatever it is given, accurate or not.
Regression analysis confirmed that blockchain adoption predicted transparency, with the effect
moderated by data quality and partner collaboration. The practical implication is that
blockchain is a powerful enabler of transparency but not an automatic one: it guarantees the
integrity of records, not their truthfulness, and its value depends on the surrounding
organizational and data foundations. We argue that blockchain should be understood as an
infrastructure for trust that pays off only when matched by trustworthy inputs and cooperative
partners.
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1. Introduction

Consider what it takes to bring a single product to a shelf. Raw materials may be extracted on
one continent, processed on another, assembled on a third, and distributed through a web of
logistics providers, wholesalers, and retailers before reaching a customer [1]. Each handoff is
recorded, if at all, in a different company's separate system, in a different format, under a
different set of assumptions. The result is a supply chain that no one participant can fully see—
an opacity that has become one of the defining problems of modern commerce [2].

This lack of transparency is not a mere inconvenience; it has serious consequences. Counterfeit
products enter supply chains because there is no reliable way to verify provenance, costing
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legitimate businesses enormous sums and, in the case of counterfeit pharmaceuticals or
components, endangering lives [3]. Ethical and environmental claims—that a product is fair-
trade, sustainably sourced, or conflict-free—are difficult to substantiate because the underlying
records are fragmented and unverifiable, leaving room for both honest error and deliberate
deception [4]. When contamination or a defect is discovered, tracing it to its source and
identifying affected products is slow and imprecise, making recalls costly and dangerous. And
underlying all of this, the absence of a shared, trusted record forces supply chain partners to
expend effort maintaining trust through audits, intermediaries, and reconciliation that a
transparent system would render unnecessary [5].

Blockchain technology emerged from the world of cryptocurrency but was quickly recognized
as potentially valuable far beyond it. At its core, a blockchain is a shared, distributed ledger
whose records are cryptographically chained together so that altering a past entry is detectable,
and which no single party controls [6]. Applied to supply chains, this suggests a compelling
possibility: a single, shared record of a product's journey that all partners can see and trust, that
cannot be quietly altered, and that provides end-to-end traceability from origin to consumer
[7]. The technology seems almost purpose-built to address supply chain opacity, and
enthusiasm for it has been considerable.

But enthusiasm has often outrun evidence, and a crucial caveat is frequently overlooked. A
blockchain guarantees that records, once entered, cannot be tampered with—but it says nothing
about whether those records were true when entered [8]. A false claim faithfully recorded on
an immutable ledger is now a permanently trustworthy record of a falsehood. This "garbage in,
garbage out" problem means blockchain's value for transparency depends heavily on the quality
of the data fed into it and on the willingness of partners to participate honestly. Whether, and
under what conditions, blockchain actually enhances supply chain transparency is therefore an
empirical question rather than a foregone conclusion, and it is the question this study addresses.
We ask whether blockchain adoption improves transparency, through which dimensions, with
what downstream effects, and under what conditions. Combining a survey of professionals
with analysis of documented implementations, we test these questions. The remainder of the
paper sets out our objectives and scope, reviews the literature, details the methodology and
experimental design, presents the findings, and discusses their implications.

2. Objectives

The central aim of this study is to determine empirically whether and how blockchain
technology enhances supply chain transparency, and under what conditions it does so
effectively. The specific objectives are:

e To measure the relationship between blockchain adoption and traceability, testing
whether blockchain improves the ability to track products and materials through the
supply chain end to end.

e To examine blockchain's effect on information sharing and inter-partner trust,
assessing whether a shared, tamper-evident ledger strengthens the flow of information
and the trust among supply chain partners.

e To assess downstream outcomes of blockchain-enabled transparency, including
operational efficiency and the reduction of counterfeiting and fraud.

e To identify the moderating conditions — particularly data quality and partner
collaboration — that determine whether blockchain's transparency potential is actually
realized.
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e To derive practical guidance for organizations, translating the findings into
recommendations about the foundations required for blockchain to deliver genuine
transparency benefits rather than merely recording data reliably.

3. Scope of Study

The study's boundaries are defined as follows to keep the investigation focused and its
conclusions credible:

e Technological scope: The research concerns the application of blockchain and
distributed-ledger technology to supply chain transparency specifically, rather than
blockchain's broader uses in finance or cryptocurrency.

o Conceptual scope: The independent construct is blockchain adoption in the supply
chain, and the dependent construct is transparency, operationalized through traceability,
information sharing, and inter-partner trust. Downstream outcomes of efficiency and
counterfeit reduction are also examined.

e Moderator scope: Data quality and partner collaboration are examined as the key
moderating variables, since these determine whether blockchain's technical guarantees
translate into real transparency. Other factors, such as technological maturity and
regulatory environment, are acknowledged but not central.

o Data scope: The study combines primary survey data from supply chain professionals
with secondary analysis of documented blockchain implementations, giving both
perceptual and practical perspectives.

o Methodological scope: The analysis is quantitative, using correlation, regression, and
moderation techniques to test the hypothesized relationships.

e Excluded: The detailed computer-science of consensus mechanisms, the energy
economics of specific blockchain protocols, and the legal specifics of any single
jurisdiction lie beyond the study's boundaries, which focus on the organizational and
transparency dimensions.

4. Literature Review

The literature relevant to this study spans the nature of supply chain transparency and its
importance, the technical characteristics of blockchain that bear on transparency, the emerging
evidence on blockchain in supply chains, and the conditions that determine its effectiveness.
Reviewing these threads clarifies where this study contributes.

The foundation is the concept of supply chain transparency itself. Scholars define transparency
in terms of visibility—the extent to which supply chain information is available and accessible
to relevant parties—and traceability, the ability to track products and materials through the
chain [9]. The literature establishes transparency as increasingly valuable, driven by consumer
demand for ethical products, regulatory pressure for accountability, and the operational benefits
of visibility such as better coordination and faster response to disruption [10]. It also documents
the persistent difficulty of achieving transparency in fragmented, multi-party global supply
chains where information is siloed across independent organizations with limited incentive to
share.

9602 Pravin Shegade et al 9600-9611



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.48047/jocaaa.2024.33.08.592

Attention then turns to blockchain's technical characteristics and why they suit the transparency
problem. The literature explains blockchain as a distributed ledger in which transactions are
grouped into blocks, cryptographically linked so that each block references the previous one,
and replicated across participants so that no single party can unilaterally alter the record [11].
The properties most relevant to supply chains are immutability—records once written cannot
be silently changed—and shared visibility, which together promise a single trustworthy version
of events accessible to all authorized partners [12]. This literature grounds the theoretical case
that blockchain could provide the shared, tamper-evident record that fragmented supply chains
lack.

A growing body of work examines blockchain applications in supply chains specifically, much
of it initially conceptual or based on pilot implementations. Studies describe use cases in food
traceability, pharmaceutical anti-counterfeiting, and provenance verification for high-value or
ethically sensitive goods, reporting that blockchain can enable end-to-end traceability and
strengthen trust among partners who previously relied on intermediaries [13]. This literature is
generally optimistic about blockchain's potential while noting that many implementations
remained at pilot stage, and it calls for more empirical evidence on realized rather than
promised benefits [14].

Alongside the optimism, a more critical strand emphasizes the limits and preconditions of
blockchain-enabled transparency. The central caution is the oracle or data-input problem:
blockchain guarantees the integrity of records but not their accuracy, so a blockchain fed with
false or low-quality data produces immutable but untrustworthy information [15]. This
literature argues that blockchain's value depends critically on the quality of data entered and
on mechanisms—pbhysical, digital, or institutional—linking the digital record reliably to
physical reality [16]. A related theme is that blockchain in supply chains is inherently multi-
party and therefore depends on partner collaboration: a ledger shared by parties unwilling to
participate honestly or fully cannot deliver transparency [17]. The consensus emerging from
this critical literature is that blockchain is an enabler whose benefits are contingent on
organizational and data foundations rather than automatic [18]. What remains insufficiently
established empirically is the strength and structure of these contingencies—how much data
quality and partner collaboration actually condition the relationship between blockchain
adoption and realized transparency [19]. Clarifying these moderating effects is the contribution
this study aims to make.

5. Research Methodology

The methodology was designed to test the hypothesized relationships between blockchain
adoption, supply chain transparency, and their moderating conditions using quantitative
analysis of combined primary and secondary data.

Research philosophy and design. The study adopts a positivist, quantitative stance
appropriate to testing hypothesized relationships among measurable constructs. The design is
cross-sectional and explanatory, combining survey data with secondary analysis of
documented implementations to examine associations and test a moderation model.

Constructs and measures. Blockchain adoption was measured through survey items capturing
the extent and depth of blockchain use in an organization's supply chain. Transparency was
operationalized through traceability (ability to track products end to end), information sharing
(flow of information among partners), and inter-partner trust. Downstream outcomes—
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operational efficiency and counterfeit/fraud reduction—were measured as further dependent
variables. Data quality and partner collaboration were measured as moderators. Multi-item
scales were assessed for internal consistency using Cronbach's alpha, defined as before, with
scales below the conventional threshold revised before analysis [20].

Sampling. Supply chain professionals across organizations with varying levels of blockchain
engagement formed the population, sampled to ensure variation in the adoption construct. The
required sample size was estimated using the standard proportion formula,

_ Z 2' p(l - p)
=
with z, p, and e the confidence coefficient, expected proportion, and margin of error

respectively.

Analysis. Relationships were examined first through correlation, then through multiple
regression predicting transparency from blockchain adoption while controlling for
organizational characteristics:

Y = o + By (Blockchain) + > B;X; +
J

where Y is transparency, X; are controls, and € the error term. To capture the central insight

that blockchain records integrity but not truth, we conceptualized realized transparency as the
product of record integrity and data accuracy,

Trealized = Irecord X Qdata

where [ {\text{record}} is the integrity guaranteed by blockchain (high by design) and
Q {\text{data}} the accuracy of the data entered, making explicit that transparency collapses
when data quality is low regardless of how immutable the record is. To test moderation by data
quality and partner collaboration, interaction terms were added,

Y = By + B1(Blockchain) + ,(M) + B;(Blockchain x M) +
where M is the moderator and a significant 3; indicates moderation.
Reliability, validity, and ethics. Scale reliability was confirmed before hypothesis testing,
construct validity was supported by grounding measures in prior literature, and secondary

sources describing implementations were checked for credibility. Participation was voluntary
and anonymized, and standard research-ethics procedures were followed.
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Figure 1. Conceptual research model.
6. Experimental Setup

The empirical work was carried out on a sample of supply chain professionals drawn from
organizations with varying levels of blockchain engagement, from none through pilot to more
established use, ensuring meaningful variation in the independent construct. Data combined a
structured survey with secondary analysis of documented blockchain implementations, so that
professionals' perceptions could be corroborated against the record of actual deployments.

The analysis was organized around the study's hypotheses. First, we examined whether
blockchain adoption was associated with the three transparency dimensions—traceability,
information sharing, and trust—the direct effect. Second, and most importantly, we tested
whether data quality and partner collaboration moderated the relationship between blockchain
adoption and transparency, since the literature strongly suggested the effect should be
contingent on these foundations. Third, we examined whether blockchain-enabled
transparency related to the downstream outcomes of efficiency and counterfeit reduction. To
make the downstream logic explicit, the reduction in counterfeit incidence enabled by
transparency can be expressed as

Cafter

R ounterfeit = (1 - ) X 100%

before

where C denotes counterfeit incidence before and after blockchain-enabled traceability,
capturing the practical payoff of transparency. Comparisons and model tests used correlation,
regression, and moderation analysis, with results treated as significant at conventional
thresholds and reported alongside effect sizes so that practical magnitude, not merely statistical
significance, was visible. Each construct was measured with an adequate number of
respondents to give reasonable statistical power, and results were expressed with appropriate
measures of variability.
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Table 1. Sample and study configuration.
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Figure 2. Blockchain-enabled supply chain traceability architecture.

7. Results

The findings supported blockchain's promise for transparency while sharply confirming that
the promise is conditional, producing a picture more nuanced than either the early hype or the

harshest skepticism would predict.

The direct relationships were positive and meaningful. Blockchain adoption was significantly
associated with improved traceability—the ability to track products through the chain—and
with stronger inter-partner trust, which is intuitive given that a shared, tamper-evident record
reduces the need for partners to rely on one another's word or on costly intermediaries.
Information sharing also improved, though somewhat less strongly, reflecting that sharing

depends on partners' willingness as much as on the technical capacity to share.
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Table 2. Correlation of blockchain adoption with transparency dimensions.

Transparency dimension | Correlation with blockchain | Significance
Traceability +0.64 ok
Inter-partner trust +0.59 ok
Information sharing +0.47 kx
Overall transparency +0.61 ok

The downstream outcomes

followed from transparency as expected. Where blockchain
improved traceability and trust, organizations reported gains in operational efficiency—better
coordination, faster response, smoother handoffs—and, notably, reductions in counterfeiting
and fraud, since end-to-end provenance makes it far harder for illegitimate goods to enter the
chain undetected. Transparency, in other words, was not an end in itself but a route to tangible
operational and security benefits.

Figure 3. Blockchain adoption, transparency, and downstream outcomes.
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Figure 3. Blockchain adoption, transparency, and downstream outcomes.

The moderation results, however, were the heart of the study and delivered its central message.
Both interaction terms were significant and substantial. The positive effect of blockchain
adoption on transparency was strong for organizations with high data quality and considerably
weaker—sometimes negligible—for those with poor data quality, exactly as the "integrity but
not truth" logic predicts: an immutable record of bad data yields no real transparency. Likewise,
the effect was strong where partners collaborated actively and weak where they did not, since
a shared ledger delivers little if partners will not participate honestly and fully.
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Figure 4. Moderating effect of data quality and partner collaboration.

Taken together, the results paint a coherent and practically important picture: blockchain
genuinely enhances supply chain transparency—improving traceability and trust and thereby
enabling efficiency and counterfeit reduction—but only when it rests on accurate data and
cooperative partners. The technology guarantees that records cannot be tampered with; it does
not, by itself, guarantee that they are true or that partners will engage, and those conditions
determine whether its potential is realized.

8. Discussion

The results reconcile the polarized discourse around blockchain in supply chains, which has
swung between breathless enthusiasm and dismissive skepticism, by showing that both camps
are partly right. Blockchain does enhance transparency, meaningfully and measurably—the
enthusiasts are correct that it addresses a real problem. But its benefits are conditional on data
quality and partner collaboration—the skeptics are correct that immutability alone is not
transparency. The truth lies not in the middle but in the interaction: blockchain is a powerful
enabler whose value is unlocked only by the right foundations.

The direct findings vindicate blockchain's core value proposition. That it most strongly
improves traceability and trust makes complete sense given what the technology is: a shared,
tamper-evident record. Traceability is precisely what a chained ledger of a product's journey
provides, and trust is precisely what an immutable, commonly visible record enables among
parties who would otherwise have to verify one another's claims independently. The
downstream benefits—efficiency and counterfeit reduction—follow naturally from these
transparency gains, confirming that transparency is instrumentally valuable rather than merely
virtuous.

The moderation findings carry the study's most important lesson and deserve emphasis. The
"integrity but not truth" problem is not a technicality but the crux of blockchain's practical
value. A blockchain will faithfully and permanently record whatever it is told; if what it is told
is wrong, it produces a permanent, trustworthy-looking record of something false, which can
be worse than no record at all because it lends unwarranted credibility. This is why data quality
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moderates so strongly: the technology's guarantee operates on records, and realized
transparency requires those records to correspond to reality, which depends on the
mechanisms—sensors, verification, honest input—that link the physical world to the digital
ledger. Organizations that adopt blockchain without attending to data quality are automating
the permanence of their existing data problems, not solving them.

The partner-collaboration finding reflects blockchain's inherently collective nature. Unlike a
technology a single firm can deploy internally, a supply chain blockchain is only as good as
the participation of the parties who share it. If partners will not join, or join but do not enter
data honestly and completely, the shared ledger has gaps and falsehoods that undermine its
value. Blockchain thus depends on a degree of cooperation and aligned incentives among
independent organizations that is often difficult to achieve, which explains why so many
implementations stall at the pilot stage. The technology cannot manufacture the collaboration
1t requires.

The limitations should be stated honestly. The cross-sectional design establishes association
and a plausible moderated structure but cannot definitively prove causation; longitudinal
studies of organizations before and after blockchain adoption would strengthen causal claims.
The reliance partly on self-reported perceptions introduces bias, though the corroboration with
documented implementations mitigates it, and many of those implementations were themselves
relatively early-stage. The sample reflects a particular set of professionals and organizations,
so generalization to very different contexts should be cautious. And factors beyond the two
moderators examined—technological maturity, regulatory support, industry structure—also
shape blockchain's effectiveness.

For practitioners, the guidance is clear and important. Blockchain is worth pursuing for supply
chain transparency, but not as a technological silver bullet. Before or alongside adoption,
organizations must invest in data quality—the mechanisms that ensure what enters the ledger
1s accurate—and in building the partner collaboration on which a shared ledger depends.
Adopting blockchain without these foundations will produce an immutable record of dubious
value. Blockchain should be understood as infrastructure for trust that pays off only when fed
trustworthy inputs by cooperative participants. Future research should pursue longitudinal
designs tracking implementations from pilot to maturity, examine the specific mechanisms that
link physical reality to digital records reliably, and study how the collaboration and incentive-
alignment challenges among supply chain partners can be overcome.

9. Conclusion

This study asked whether, how, and under what conditions blockchain technology enhances
supply chain transparency, and the answer that emerged is a conditional affirmative.
Blockchain adoption was significantly associated with improved traceability, stronger inter-
partner trust, and better information sharing, and these transparency gains in turn enabled
operational efficiency and reductions in counterfeiting and fraud. But the study's decisive
finding is that these benefits are strongly moderated by data quality and partner collaboration.
Because blockchain guarantees the integrity of records without guaranteeing their truthfulness,
its transparency value collapses when the data entered is inaccurate, and because a supply chain
ledger is inherently shared, its value collapses when partners will not participate honestly and
fully. Blockchain, therefore, is neither the panacea its early advocates suggested nor the empty
hype its critics alleged; it is a genuine enabler of transparency whose potential is realized only
on the foundation of accurate data and cooperative partners. The practical lesson is that
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organizations should treat blockchain not as a technology to be switched on but as
infrastructure for trust that must be matched by trustworthy inputs and collaborative
relationships. Understood this way—as a powerful enabler conditional on its foundations rather
than an automatic solution—blockchain has a real and valuable role to play in bringing
transparency to the tangled, opaque supply chains of the modern economy.
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