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Abstract

Purpose — This study analyzes the performance implications of adopting blockchain to support supply chain
business processes. The technology holds as many promises as implementation challenges, so interest in its
impact on operational performance has grown steadily over the last few years.
Design/methodology/approach — Drawing on transaction cost economics and the contingency theory, we
built a set of hypotheses. These were tested through a long-term event study and an ordinary least squares
regression involving 130 adopters listed in North America.

Findings — Compared with the control sample, adopters displayed significant abnormal performance in terms
of labor productivity, operating cycle and profitability, whereas sales appeared unaffected. Firms in regulated
settings and closer to the end customer showed more positive effects. Neither industry-level competition nor the
early involvement of a project partner emerged as relevant contextual factors.

Originality/value — This research presents the first extensive analysis of operational performance based on
objective measures. In contrast to previous studies and theoretical predictions, the results indicate that
blockchain adoption is not associated with sales improvement. This can be explained considering that secure
data storage and sharing do not guarantee the factual credibility of recorded data, which needs to be proved to
customers in alternative ways. Conversely, improvements in other operational performance dimensions
confirm that blockchain can support inter-organizational transactions more efficiently. The results are relevant
in times when, following hype, there are signs of disengagement with the technology.

Keywords Blockchain, Distributed ledger, Operational performance, Event study,
Transaction cost economics, Contingency theory
Paper type Research paper

1. Introduction
The debate on supply chain (SC) applications of blockchain technology (BT) is characterized
by a yet unsolved dilemma. On the one hand, the technology has been hailed as the ultimate

C

International Journal of Operations

© Giovanna Culot, Matteo Podrecca and Guido Nassimbeni. Published by Emerald Publishing Limited.
This article is published under the Creative Commons Attribution (CC BY 4.0) licence. Anyone may
reproduce, distribute, translate and create derivative works of this article (for both commercial and non-

commercial purposes), subject to full attribution to the original publication and authors. The full terms of & Production Managerent
this licence may be seen at http://creativecommons.org/licences/by/4.0/legalcode e 6000

Funding: This paper is part of research activities of the project BT-OSCM funded by the Free Emerald Publishing Limitcd
University of Bozen-Bolzano with the RTD 2020 call (No: CUP 154120001030005). DOI 10.1108/[JOPM-05-2023-0346

Downl oaded from http://ftp. nowublishers.conlijopn article-pdf/44/13/69/9604376/ijopm 05-2023-0346. pdf by guest on 18 May 2026


http://creativecommons.org/licences/by/4.0/legalcode
https://doi.org/10.1108/IJOPM-05-2023-0346

IJOPM solution for managing inter-organizational information flows (lansiti and Lakhani, 2017). BT

4413 has been related to better product traceability and trackability, fewer errors and delays,

’ more efficient inventory management, and faster payments and financing (Peng et al., 2022;

Liet al, 2021; Centobelli ef al., 2021). On the other hand, the slow uptake of BT, coupled with

failures of firms’ pilot projects, has cast doubts (Bai and Sarkis, 2020; Pournader et al., 2020).

Observers have associated BT with hype, while questioning the superiority of its

70 technological features over standard SC software solutions (Ahmed ef al., 2022; Klockner

et al,, 2022). Further concerns have followed the discontinuation of popular initiatives, such

as TradeLens and B3i, which were well known BT in logistics and insurance, respectively
(Cecere, 2022; Muir, 2022).

In essence, BT is a digital, decentralized, and distributed database of transactional
records, which — unlike traditional databases — is neither stored in a single location nor
controlled by a central authority (Schmidt and Wagner, 2019; Treiblmaier, 2018). As BT was
created for cryptocurrencies (Nakamoto, 2008), SC professionals have long seen it as a
“solution looking for a problem” (Markus and Buijs, 2022). Academic efforts to clarify use
cases, implementation challenges, and benefits have been substantial (Peng et al., 2022;
MuBigmann ef al, 2020). There is now a sharper understanding of technological options,
setups, and application areas, but questions remain regarding the effects on the operational
performance of adopting firms.

Research on BT performance implications has concerned expectations, which still need to
be empirically verified. Thus far, researchers have conceptually anticipated potential benefits
(e.g. Schmidt and Wagner, 2019; Babich and Hilary, 2020), developed analytical
demonstrations (e.g. Ji et al, 2022; Chod et al, 2020), run expert studies and surveyed
managers’ opinions (e.g. Tan et al, 2023; Fosso Wamba ef al, 2020a), and analyzed self-
reported implications from primary and secondary cases (e.g. Rogerson and Parry, 2020;
Nandi et al, 2020). The few extensive investigations have addressed stock market
performance as a predictor of future business value (Liu et al, 2022; Klockner et al., 2022;
Xiong et al, 2021). Only two studies have considered measures derived from financial
statements but provide partial answers to the issue. Specifically, Sharma et al. (2023) analyzed
a sample consisting largely of technology developers, whose drivers for value creation are
different from those of BT implementers. Tse ef al (2023) examined Chinese-listed firms;
however, they neither compared adopters against non-adopters nor clarified whether
performance increases stemmed from revenue growth or process improvement.

As firms progressively move past the pilot phase of BT implementation, there are growing
opportunities to validate current judgments. This is the aim of this study in addressing the
following research questions (RQs):

RQI. What are the effects of BT adoption for SC purposes on firms' operational
performance?

RQ2 What are the contingencies affecting the relationship between BT adoption and
firms’ operational performance?

Operational performance is defined as the measure of a firm’s ability to transform diverse
inputs into value-added outputs in the process of producing goods and providing services
(Li et al, 2010). We considered sales performance, labor productivity, operating cycle, and
profitability. The hypotheses were developed after reviewing previous BT research in view of
the principles of transaction cost economics (TCE) (Williamson, 1987) and the contingency
theory (CT) (Donaldson, 1987; Lawrence and Lorsch, 1967). We performed a long-term event
study (RQ1) and an ordinary least squares (OLS) regression (RQ2). The dataset consisted of
130 firms, listed in North America, which have adopted BT to support SC business processes,
namely those related to the production of goods and the provision of services (Klockner et al,
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2022; Babich and Hilary, 2020). Our approach is consistent with previous studies addressing Blockchain
firms performanqe following the implementation of new technologies (e.g. Yiu et al,, 2021; Hill D erformance
et al,, 2018; Hendricks et al., 2007). and

The article makes three main contributions. To begin with, this is one of the first studies . .
based on large-scale empirical evidence and the first that analyzes different operational contingencies
performance dimensions. Our results are important in closing the gap between expectations
and the reality of BT, as amply advocated by previous literature (Xie et al, 2022; Liu et al, 71
2022; Karakas et al, 2021). Specifically, the sample firms showed significant positive
abnormal performance for all investigated measures except sales, suggesting that BT is
neither influencing customer preferences nor determining a price premium. Second, we
clarified the role of some contextual factors in affecting the relationship between BT adoption
and operational performance. We found that a firm’s position along the SC and its being part
of a regulated industry — although the latter with a time lag — positively moderated
performance improvements. Conversely, the level of competition in the industry was not
found to be influential. We also evaluated the early involvement of project partners versus
initiatives launched by single firms. This additional variable also did not lead to significant
results. The analysis of contextual factors is in line with the growing interest in the
contingencies of BT, whose application needs to be carefully assessed depending on the
industry and institutional setting (Ahmed et al, 2022; Sauer et al, 2022). Third, the study
contributes to the ongoing debate about the value of technology (Hendricks et al., 2007; Hill
et al, 2018). By grounding our reasoning in TCE and the CT, we showed that emerging
dynamics can be read through the lenses of established theoretical models, whose core
concepts can also explain the mechanisms driving performance improvements. From a
practical standpoint, we provide evidence of the value that can be expected from BT. This is
relevant since a limited understanding of performance implications has been mentioned as an
adoption barrier (Kouhizadeh et al, 2021; Fosso Wamba et al., 2020a).

The rest of the study is structured as follows. The next section reviews research on BT for
SC management purposes and introduces the theoretical lenses underpinning this study.
Thereafter, we formulate the hypotheses and illustrate the data and methodology. After
presenting the results, we conclude by discussing how our findings relate to the previous
literature and outlining contributions and limitations.

2. Literature background
2.1 BT in supply chain management
BT became popular in 2008 with the advent of Bitcoin, a currency system based on a fully
distributed digital ledger (Nakamoto, 2008). The technology can be applied to various kinds
of transactional records. Unlike other databases, the ledger is not stored in a central location,
but a full copy is kept by each member involved in the network (i.e. “nodes”). The data are
encrypted and updated through a computational peer-to-peer consensus mechanism (lansiti
and Lakhani, 2017; Durach et al, 2021). The technological aspects are already known to
supply chain management (SCM) scholarship (e.g. Pournader et al., 2020; Cole et al., 2019); it
should be noted that newer generations of BT are rapidly overcoming some of the limitations
stressed by previous literature, such as poor scalability in the number of transactions, long
and energy-intensive computational processes, and integration issues with legacy
information systems (Ghadge et al, 2022; Liu et al, 2021). By now, most protocols are
based on fast-track consensus mechanisms and BT suites are directly available on
mainstream cloud services (Bag ef al., 2022).

According to Babich and Hilary (2020), five characteristics make BT different from
traditional SC software solutions. These are visibility, aggregation, validation, automation,
and resilience. Visibility is related to good tracking and process monitoring (Lumineau et al,
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[JOPM 2021). Aggregation is made possible thanks to BT acting as an interoperability layer
4413 (Tian et al., 2022). Validation concerns the authentication mechanisms that make the ledger

’ tamper-proof and a single source of truth among network participants (Fosso Wamba ef al.,
2020a; Cole et al., 2019). Automation denotes BT’s ability to execute transactions based on
pre-specified conditions, as exemplified by smart contracts (Kopyto et al, 2020). Resilience
refers to the condition of operation continuity in cases where some nodes are disabled (Fosso
Wamba et al., 2020b).

Research has been flourishing since 2016, when the first non-technical paper was
published (MiiBigmann ef al, 2020). With regard to SCM, several literature reviews have
mapped the scientific landscape in this milieu (e.g. Peng et al, 2022; Karakas et al.,, 2021;
Centobelli ef al, 2021; Chang et al., 2020; Wang et al., 2019; Cole et al., 2019). These show that
the debate has been characterized by the need to rigorously define BT’s potential against
overenthusiastic narratives brought about by technology providers and early implementers.
This seems justified by the fact that BT was not originally conceived as an SC technology,
with its popularity being driven by excitement around cryptocurrencies (Cheng et al, 2019;
Cahill et al, 2020). Significant thought has thus been devoted to where BT could be or has
already been applied (e.g. Pournader et al, 2020; Durach et al, 2021). Researchers have
leveraged theory to frame opportunities and pitfalls (e.g. Lumineau et al, 2021; Babich and
Hilary, 2020), resorted to expert opinions (e.g. Kopyto et al, 2020), and analyzed primary and
secondary cases to explicate projects’ characteristics (Rogerson and Parry, 2020; Nandi ef al.,
2020; Ahmed et al, 2022). The more commonly reported applications relate to good
traceability and trackability and the automation and digitalization of business processes,
including those related to payments. It has also been noted that BT could be adopted to
monitor firms’ sustainability commitments (Bai and Sarkis, 2020).

Although the literature highlights the potential of BT for SCM, its uptake has fallen short
of expectations. Researchers have thus also investigated adoption drivers and barriers
(Kouhizadeh et al., 2021). The main motivations include the need to improve trust among
business partners, the levels of data security guaranteed by the technology, and the benefits
of integrating SCs (Wang et al., 2019). Possible barriers are thought to be related to a lack of
technical expertise, a still low level of technological maturity, managerial skepticism, poor
cooperation among SC partners, and uncertain returns on investment (Queiroz et al, 2021;
Mathivathanan et al., 2021; Karakas et al., 2021; Wong et al., 2020). In general, performance
improvements have been recognized as a key factor driving adoption (Fosso Wamba
et al, 2020a).

72

2.2 TCE and BT performance implications

The performance implications of adopting BT for SCM can be framed with consideration to
its peculiarities as a transactional database (Babich and Hilary, 2020; Iansiti and Lakhani,
2017). Overall, BT-enabled data sharing and execution conditions can support a reduction in
transaction-related inefficiencies. From a theoretical standpoint, this can be explained
leveraging the core tenets of TCE (Williamson, 1985, 1987, 1996). Other theoretical lenses can
be used when investigating BT (Treiblmaier, 2018), including principal-agent theory (PAT)
(Jensen and Meckling, 1976), the resource-based view (RBV) (Wernerfelt, 1984; Barney, 1991),
and the network theory (NT) (Hakansson, 1987; Oliver, 1990). In SCM, they are common
perspectives and offer complementary views on governance structures and inter-
organizational relationships (Halldorsson et al., 2007). When addressing the implications
on operational performance of adopting BT, TCE appears to be the most appropriate due to
its primary focus on the optimization of transaction costs (Schmidt and Wagner, 2019; Roeck
et al., 2020). In contrast, PAT may be more properly applied to analyze the implementation of
BT-enabled smart contracts, RBV to determine the influence of BT on implementers’
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resources and capabilities, including those stemming from inter-organizational routines, and Blockchain
NT to explore Ahow f1rms mutually adapt their relationships and the effects on network performance
structures (Treiblmaier, 2018). and

TCE is based on the notion that each business transaction comes with costs related to . .
inter-organizational coordination (Grover and Malhotra, 2003; Williamson, 1985). These costs contingencies
cover ex-ante mitiation (ie. search and information gathering), agreement formulation
(i.e. decision making and negotiation), and ex-post monitoring (i.e. controls and adjustments) 73
(Ketokivi and Mahoney, 2020). TCE is grounded on two assumptions about the
characteristics of human behavior. One is the concept of bounded rationality (Simon,
1985), as there are cognitive limitations in receiving and processing information; the other is
opportunism, because each party is expected to act out of self-interest (Williamson, 1987).
Higher transaction costs are expected to occur in the case of asset-specific investments
(i.e. investments characterized by little or no value outside of the relationship) (Williamson,
1987), high-volume and frequent transactions (Rindfleisch and Heide, 1997), and whenever
there is high uncertainty in the external environment and in the other party’s behavior
(Grover and Malhotra, 2003). Depending on these factors, different governance structures are
more appropriate (Ellram et al., 2008).

As far as SCM is concerned, TCE has been largely used to theorize on the governance of
transactions along SCs, thus investigating how goods can be transferred efficiently from one
production stage to another and how transacting firms can ensure they do not waste
resources in exchange relationships (Ketokivi and Mahoney, 2020; Halldorsson ef al., 2007).
Once the sourcing setup is defined, governance mechanisms provide institutional
arrangements between transaction parties. These are traditionally subsumed into two
broad categories, namely mechanisms that are contractual (i.e. legal clauses) or relational (i.e.
informal norms stemming from social interactions) (Poppo and Zenger, 2002). Significant
efforts have been devoted to demonstrating the impact of diverse arrangements for supplier
governance on the financial and operational performance of the SC, and specifically of the
focal firm (Wacker et al, 2016; Grover and Malhotra, 2003).

Since the advent of BT, SCM researchers have argued about the potential of the
technology to lower transaction costs by mitigating issues related to bounded rationality and
opportunism (Treiblmaier, 2018; Schmidt and Wagner, 2019; Roeck et al., 2020). Accordingly,
efficiency gains can manifest across all phases in a transaction — in the ex-ante selection of
suppliers, in the definition of the agreement, and in ex-post monitoring activities — by
accessing reliable and timely information, as well as through automated execution enabled by
smart contracts (Lumineau et al., 2021; Roeck et al.,, 2020; Treiblmaier, 2018). Overall, research
has argued that BT may represent a governance mechanism different from and substantially
superior to hitherto available practices (Roeck et al., 2020; Lumineau et al., 2021). In contrast to
contractual governance, BT may ensure that agreements are enforced through protocols and
validated by the network of nodes, thus removing the need for legal entities and trusted third
parties (Treiblmaier, 2018). BT can thus generate cost savings through disintermediating
middlemen positions (Durach ef al, 2021; Cole et al, 2019). Different from relational
governance, BT may limit the need for personal trust by building tamper-proof time-stamped
aggregated records of transactions (Babich and Hilary, 2020).

Against the strengths of these theoretical arguments, thus far, the relative novelty of the
technology has unfortunately limited opportunities to extensively verify BT'’s effects on
transaction costs (Sharma ef al., 2023). The viability of BT for industrial application is amply
corroborated by analytical models and field experiments (e.g. Tian et al,, 2022; Ji et al., 2022,
Casino et al.,, 2021; Yoon et al., 2020; Chod et al., 2020) as well as by case study research (e.g.
Ahmed et al, 2022; Markus and Buijs, 2022; Nandi et al,, 2020). Across several potential
application areas (e.g. product traceability and trackability, logistics optimization, payments
and financing), previous studies indicate improvements in the speed, cost, quality, flexibility,
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[JOPM and dependability of SC business processes. Moreover, it has been shown that BT-enabled
4413 traceability can increase firms' reputation and prevent revenue loss from counterfeiting
’ (Danese et al., 2021; Moretto and Macchion, 2022). Nevertheless, some studies point to the
challenges of implementing BT for SCM purposes, ultimately casting doubt on the real
advantages of a technology that may be excessively complex and comparatively less cost-
effective than other available solutions (Sauer ef al, 2022; Rogerson and Parry, 2020). Such

74 tradeoffs can be clarified only through large-scale empirical evidence.

Extensive studies on BT performance implications exist; however, these only partially
confirm the value of the technology in support of SC business processes. The reason is
inherent in their design. Primary research has focused mainly on expert judgment. For
example, Gupta ef al (2020) find BT to be in the top three digital technologies to improve SC
performance, according to their panel. Along these lines, several surveys indicate that SC
practitioners attribute the performance improvements stemming from BT adoption to higher
SC transparency and integration (Tan et al., 2023; Paul ef al., 2021; Fosso Wamba ef al., 2020a).
Improvements can also derive from the BT affecting customer retention (Bag ef al., 2022) and
supporting firms’ innovation toward higher resilience (Li et al., 2022). Overall, these studies
have the merit to posit and test how BT can improve SC processes toward higher efficiency,
while establishing a link between process improvement and adopting firms’ operational
performances. However, the results are based on perceptual measures, which mostly do not
reflect the actual experience of firms with the technology, but rather opinions and
expectations.

Extant research based on secondary data analysis does not validate BT performance
implications either, as published studies analyze mostly stock market reactions upon the
announcement of a firm’s intention to adopt BT. Through the event study methodology,
Cahill et al. (2020) and Cheng et al. (2019) examine speculative announcements (i.e. vague
plans to adopt BT not tied to a specific project) to show that market reactions are
correlated with peaks in Bitcoin quotations. Conversely, Klockner et al (2022), Liu et al.
(2022), and Xiong et al. (2021) investigate firms announcing substantiated initiatives (i.e.
specific projects defining a clear use case) and base their studies on the assumption of
share price being an indicator of future business value. Both Klockner et al. (2022) and Liu
et al. (2022) find positive evidence of abnormal returns. Xiong ef al (2021) instead
demonstrate that BT adopters were less negatively impacted by the COVID-19 pandemic.
Only two studies partially address operational performance through selected measures.
Sharma et al. (2023) examine the return on equity (ROE), the return on assets (ROA), and
Tobin’s Q for firms included in the Nasdaq Blockchain Economy Index. They find only
Tobin’s Q to be impacted as “a market-based measure of future earnmings” (Sharma et al.,
2023, p. 2). The result can be explained by considering the nature of their sample (i.e. the 60
firms included in the Index), which is heavily skewed toward technology providers that do
not adopt BT in support of their business processes, but are usually evaluated in terms of
their potential to develop novel technologies. Tse et al. (2023) analyze adopters among
firms listed on the Chinese stock exchange. They regress an aggregate measure of
operational efficiency on the characteristics of the BT initiative, finding that companies
pursuing both efficiency and innovation are characterized by a better performance;
however, they neither control for a selection effect nor compare the performance of
adopting and non-adopting firms.

To summarize, there are solid theoretical arguments supporting the view that BT can
reduce transaction costs, ultimately impacting the operational performance of implementing
firms. There is, however, only a partial empirical verification of these claims, as the early
stages of technological adoption have thus far limited the opportunities for extensive studies
on the matter. This is a clear gap in the literature that prevents the validation of theoretical
claims raised by prior studies (Treiblmaier, 2018; Schmidt and Wagner, 2019; Roeck et al.,
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2020). From a practical standpoint, this gap ought to be addressed in light of ongoing Blockchain

concerns about the cost-effectiveness of the technology and possible managerial hype. performance
N - and
2.3 The contingent view of TCE and the context of BT application contingencies

Transactions and governance arrangements are embedded in broader institutional

environments, namely within the structures characterizing political, economic, and social

interactions (North, 1992). These structures not only enable and constrain the behavior of 75
firms but, together with the technologies employed, are also a key determinant of transaction
costs. In TCE theorizing, the concept of shift parameters encapsulates the effects of different
environmental conditions on the comparative costs of governance arrangements
(Williamson, 1996). The presence of such shift parameters poses significant theoretical and
managerial challenges for TCE, as lessons learned in one context are difficult to extend to
other contexts (Ketokivi and Mahoney, 2020). These challenges can be addressed by
integrating TCE with CT (Donaldson, 1987; Lawrence and Lorsch, 1967). CT states that there
is no best way to manage a firm, but strategic choices and operational practices depend on a
set of contingent internal and external factors. CT can thus complement TCE, as the salient
characteristics of the context where a transaction occurs can be theoretically identified and
operationalized (e.g. Buttermann et al, 2008; Ketokivi, 2006).

CT has been broadly applied to investigate the fit between technology, the external
environment, and the characteristics of the organization (e.g. Segaard et al, 2018; Mikalef
et al., 2015; Sambamurthy and Zmud, 1999; Jelinek, 1977). In terms of contingencies affecting
technology performance, the literature stresses the need to align technological setups with the
firm’s strategic objectives and organizational structure. However, the relevance of external
factors depends largely on the kind of technology being adopted (e.g. purely internal or inter-
organizational technologies) (Lam ef al, 2019).

Reading through industry-focused literature reviews (e.g. Liu et al, 2021; Li et al, 2021)
(addressing food and maritime matters, respectively), it appears clear that there are sectoral
differences concerning BT. Its progressive spread across industries and countries has sparked
interest in the contingencies behind those differences, which have emerged as a central topic in
recent articles (Ahmed ef al, 2022; Sauer et al, 2022). Three main dimensions have been
identified: the business environment (e.g. market and customer demand, standards, and
regulations), the structural characteristics of the SC (e.g. complexity and governance), and the
nature of the product/transaction (e.g. value and volume) (Sauer et al., 2022). Looking at the
business environment, companies in regulated industries, such as pharmaceuticals and food,
are more concerned with BT implementation for product quality and traceability, whereas
firms operating in other contexts, such as logistics, are mostly targeting process efficiency
objectives (Nandi et al, 2020). Traceability is also demanded in high-end segments for
authenticity (Moretto and Macchion, 2022) and in case of safety concerns (e.g. baby formula in
China) (Rogerson and Parry, 2020). In terms of SC characteristics, the presence of multiple
production steps and a high market fragmentation is highlighted as an implementation
challenge (Hastig and Sodhi, 2020). Finally, it has been argued that BT may be too costly for
low-value products and low-volume transactions (Sauer et al., 2022).

Some contextual variables have been analyzed in previous studies on BT performance.
These include industry- (research and development intensity, munificence, and market and
technology dynamisms), country- (data restriction), and firm-level variables (size, innovation
ability, intangible capital) (Tse ef al.,, 2023; Sharma et al., 2023; Liu et al., 2022; Klockner et al.,
2022; Fosso Wamba et al., 2020a).
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[JOPM 3. Research framework and hypothesis development
4413 In this section, we formulate a set of hypotheses on the relationship between BT adoption and
’ operational performance and the presence of contextual factors affecting this relationship.
The use of theory allows us to formulate general predictions to consistently integrate
fragmented empirical evidence.

76 3.1 The relationship between BT and operational performance

The unit of analysis in TCE is the transaction (Williamson, 1985, 1987). Transaction costs can
be reduced by the adoption of BT, thus affecting the performance of the firms involved in the
exchange. As argued in the later developments of TCE, this can influence cost-related
dimensions as well as revenue (Ketokivi and Mahoney, 2020). In this respect, it is common in
the SCM literature to analyze firms’ operational performance under the assumption that this
is impacted by efficient arrangements of inter-organizational transactions in contexts
characterized by SC interdependencies (Pilbeam et al, 2012).

When considering how BT can affect the operational performance of adopting firms
through more efficient transaction governance, four dimensions are paradigmatic: sales,
labor productivity, operating cycle time, and profitability. As we clarify in the rest of this
section, sales can be influenced by a reduction in ex-ante transaction costs (i.e. firms can
testify their reputation and the quality of their products, thus facilitating their selection
and potentially demanding a price premium) (Schmidt and Wagner, 2019), labor
productivity can be enhanced by automation and increased information flows
throughout the various phases of a transaction (Lumineau et al., 2021), and cycle time
can be impacted by information sharing and the introduction of execution conditions that
speed up the exchange process and ex-post monitoring activities (Babich and Hilary, 2020,
Iansiti and Lakhani, 2017). Under this premise, profitability is also analyzed as it
represents a synthetic indicator that, combining top line effects with gains in internal
efficiency, can reflect the overall impact of BT on adopting firms (Konchitchkiand O’'Leary,
2011). These metrics are justified by the numerous studies that have investigated them in
relation to the adoption of new technologies (Podrecca et al, 2022; Hill et al., 2018,;
Hendricks et al., 2007).

The first hypothesis concerns sales performance, as both business customers and
consumers can leverage BT to obtain information. In general, it is reasonable to assume that
customers would prefer to limit transaction costs related to ex-ante initiation, and thus look
for BT-enabled visibility (Hong and Hales, 2021). This should in turn be reflected in the sales
performance of the firm implementing BT. For example, transacting parties can build
reputation systems regarding their business partners’ performance, thus reducing the
efforts involved in supplier selection and vetting (Lumineau et al., 2021; Babich and Hilary,
2020; Schmidt and Wagner, 2019). In the consumer sector, thanks to mobile applications,
individuals can verify product provenance, authenticity, and quality. This may drive
consumer preferences and justify a price premium (Danese ef al, 2021; Moretto and
Macchion, 2022; Rogerson and Parry, 2020). The following hypothesis (H) is thus
formulated:

HI. The adoption of BT leads to improved sales performance.

Moving to labor productivity (i.e. the efficiency of organizational routines and working
practices) (Orzes et al., 2020), there may be constraints preventing organizations from reaping
the benefits of BT, at least in the initial phase, due to the need to integrate existing processes
and solutions while upskilling the workforce and stimulating acceptance (Sodhi ef al., 2022).
Despite a likely learning curve, extant research has highlighted that, when fully operational,
the technology supports employees by providing timely/reliable information and automating
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certain tasks (Roeck ef al, 2020; Schmidt and Wagner, 2019). BT replaces other forms of Blockchain
information exchange, such as emails and phone calls, while direct access to reliable data performance
minimizes the time wasted waiting for documents and authorizations (Malhotra et al., 2022; and
Lumineau ef al, 2021; Wang et al., 2019). In addition, smart contracts can eliminate the need . .
for human intervention (Nandi ef al, 2020). The presence of a distributed system, moreover, contingencies
reduces data reconciliation from different sources (Hastig and Sodhi, 2020; Sauer et al., 2022).

Thanks to more complete, reliable, and timely data, it is also possible to take more informed 77
decisions, thus reducing the costs of human errors (Roeck et al, 2020; Schmidt and Wagner,
2019). In sum, BT can support human decisions, eliminate unnecessary information
exchanges and data reconciliation activities, and automate several tasks, freeing up time and
resources to be deployed elsewhere. We thus posit that:

H2. The adoption of BT leads to improved labor productivity.

For what concerns the operating cycle time, BT can facilitate the flow of goods, services,
finance, and information due to data availability and automation (Lumineau ef al., 2021).
From a TCE perspective, BT-enabled information sharing and automation may lower
environmental and behavioral uncertainty (Babich and Hilary, 2020). This, in turn, can
reduce the need for buffer resources and speed up operational and financial processes
(Roeck et al., 2020). Overall, the research has amply demonstrated that firms with higher SC
visibility are more flexible and efficient, as increased information processing capabilities
reduce the need to hold inventory and build extra capacity to cope with unexpected
circumstances (Srinivasan and Swink, 2018). The technological features of BT enable
forecasting and planning activities to be based on more reliable and timely data. Firms can
thus adjust their processes more effectively, with direct implications in terms of inventory
and capacity buffers (Peng et al,, 2022; Nandi et al., 2020; Kopyto et al., 2020). Considering
financial flows, similar gains can be obtained. As a distributed ledger, BT can bridge
buyers, suppliers, and banks, thus removing the need for verification and reconciliation
(Tansiti and Lakhani, 2017). Current research also indicates improvements in cash collection
and financing practices due to the automation of several process steps (Chod ef al., 2020;
Malhotra et al., 2022). As fewer actors are involved in the process, less time is needed to
settle payments (Wong et al, 2020; Wang et al, 2019). The following hypothesis is thus
formulated:

H3. The adoption of BT leads to improved operating cycle time.

Finally, profitability can be affected by a reduction in transaction costs during the whole
process, besides being positively impacted by the potential improvements in sales
performance posited in H1. First, costs related to ex-anfe initiations can be abated by
visibility of a firm’s past performance and current operations (e.g. reputational systems,
inventory visibility) (Chod et al, 2020). BT directly facilitates transparency and discourages
misbhehavior that could be exposed. Consequently, there is a limited need to invest time and
resources in building long-term partnerships (Lumineau et al, 2021; Schmidt and Wagner,
2019). Second, in negotiating and formulating an agreement, BT allows the implementation of
self-contained and autonomous systems of rules through smart contracts (Lumineau et al,
2021; Kopyto et al., 2020). These eliminate costs related to contract registration and updating,
potential issues with payment withholding, and the need for intermediaries (Wang et al,
2019). Third, as far as ex-post transaction costs are concerned, smart contracts allow speed
and accuracy in executing adjustments as the conditions are coded (Schmidt and Wagner,
2019). BT grants higher data transparency, reliability, and timeliness than traditional
software solutions based on multiple systems (Schmidt and Wagner, 2019; Treiblmaier,
2018). Thanks to data access, firms can reduce behavioral uncertainty about their partners
and adapt their activities rapidly (e.g. demand planning, production scheduling, product
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[JOPM recalls) (Enrique et al, 2022; Rogerson and Parry, 2020; Hastig and Sodhi, 2020; Gong
4413 et al, 2022).

’ In general, theoretical elaborations, as well as current studies on BT, suggest reductions in
transaction costs. Some concerns have been highlighted regarding the risks of committing to
an early-stage technology (Fosso Wamba et al, 2020b; Schmidt and Wagner, 2019), the
potential costs of technical expertise (Kouhizadeh ef al, 2021; Treiblmaier, 2018), and

78 additional expenses to ensure the factual credibility of data (e.g. through a third party or by
using sensors) (Babich and Hilary, 2020). Despite these precautions and considering the
arguments presented above, we conclude proposing the following hypothesis:

H4. The adoption of BT leads to improved firm profitability.

3.2 Contingent factors affecting the relationship

By adopting a contingent view of TCE, our premise was that the context may affect the
relationship between BT and the operational performance of the adopting firms. By
leveraging CT, we were able to identify the salient dimensions and operationalize them into
variables that could moderate the relationship between BT adoption and operational
performance. We decided to examine three contingent factors that are central to the current
debate, but whose implications are not yet fully understood. In this sense, building on
previous BT literature and further theoretical reasoning, we formulate three hypotheses
whereby we present arguments supporting both a positive effect and a negative one.

The first hypothesis concerns regulation [1], namely those rules and acts with which
organizations must comply in terms of transparency, disclosure, traceability, and
obligations/restrictions associated with their activities (Hartley ef al, 2022; Kalmenovitz,
2023). Regulation has different intensity levels depending on the industry; thus, it is a relevant
contingent factor to investigate. Relevant examples of such regulations mentioned in the BT
literature are customs clearance, the Restriction of Hazardous Substances (RoHS) directive,
the conflict minerals rule (Dodd-Frank Act), the European Union’s Registration, Evaluation,
Authorization, Restriction of Chemicals (REACH) regulation, and the US Drug Supply Chain
Security Act (DSCSA) (Hartley et al., 2022). Regardless of the specific aspects covered by such
directives, extant research emphasizes that “in heavily regulated industries, the managing of
data can be overwhelming. Keeping track of retention rules, document types, and formats — as
well as making sure you keep only what is necessary — can be an enormous task” (lannarelli and
O’Shaughnessy, 2014, p. 26) and “the abundance of paperwork is reputed to impose a heavy
economic toll on companies” (Kalmenovitz, 2023, p. 3312).

Although BT adoption is not mandatory to fulfill any of such requirements, firms can
embrace BT to comply more effectively and cost-efficiently with regulations (Ghadge et al,
2022). In fact, BT allows the minimization of extensive paperwork and data reconciliation,
making it possible to share auditable records with external stakeholders (Peng et al., 2022; Li
et al., 2021; Hastig and Sodhi, 2020; Casino et al., 2021). Firms can also use the technology to
enforce adherence to rules and obligations. This can be done through validation mechanisms
that detect improper transaction characteristics and the use of smart contracts for automated
compliance (Schmidt ef al, 2017; Durach et al, 2021; Ahmed et al., 2022); for instance, these
tools can verify the authenticity of products and automatically terminate supply contracts in
the case of violations (Van Hoek, 2019).

Despite the potential benefits, firms operating in regulated industries may face more
severe implementation challenges. Systems, processes, and procedures need to be tailored to
industry standards (e.g. good manufacturing practices and good distribution practices)
(Hastig and Sodhi, 2020), whereas laws, regulations, and institutions vary across countries
(Schmidt et al., 2017). In such industries, it is complex for firms adopting new technologies to
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demonstrate compliance and align on data formats and validation procedures. Considering Blockchain

these arguments, we test the following hypothesis: performance
Hb5. The effect of BT adoption on operational performance is affected by the regulation and
intensity of the industry. contingencies

The second aspect is related to industry-level competition. High levels of competition have
often been associated with better operational performance in adopting information 79

technologies (Raguseo et al, 2020; Dong et al., 2009; Melville et al., 2007). This is explained
by the fact that, under competitive pressures, firms become more innovative in exploiting
their technological assets. This view seems, however, not to be fully supported by empirical
research on BT. Although the effects of competition have not been explicitly analyzed as yet,
the implementing firms’ innovation ability has not been found to be a significant moderating
factor in the relationship between BT adoption and performance (Liu et al, 2022; Klockner
et al.,, 2022).

From another angle, as an inter-organizational technology, BT is subject to network
effects, namely there is a positive relationship between the number of adopters and the
benefits that any one firm can derive (Sodero et al, 2013). Limited standardization and the
existence of many projects within the same industry may prevent each BT initiative from
scaling up the number of users while creating inefficiencies (Hartley ef al., 2022; Durach
et al, 2021; Babich and Hilary, 2020; Schmidt and Wagner, 2019). It is well known that
network effects depend on the role that dominant firms play in onboarding SC partners and
forming standard-setting consortia (Sodero et al., 2013; Zhu et al., 2006; Bala and Venkatesh,
2007; Zhao et al., 2007). Based on this, firms in less competitive environments may exert
their clout over customers and suppliers to convince them to join a BT initiative and avoid
the otherwise high expenses needed for promoting network participation, thus
experiencing higher benefits (Mathivathanan et al., 2021; Liu et al., 2022; Klockner et al.,
2022; Schmidt and Wagner, 2019). In light of the above, we formulate the following
hypothesis:

H6. The effect of BT adoption on operational performance is affected by the competition
intensity of the industry.

The last factor refers to the position of the firm along the SC. Downstream companies are
typically held accountable for any incidents occurring along the SC (Schmidt ef al, 2017,
Buysse and Verbeke, 2003). They thus set up monitoring activities and controls, deploying
internal resources or engaging third parties and bearing the related costs (Mena et al., 2013; Jia
et al, 2019). As has previously been mentioned, these activities can be streamlined using BT
for data gathering and automation (e.g. Li ef al, 2022; Rogerson and Parry, 2020; Hastig and
Sodhi, 2020). Moreover, access to data could have positive consequences on buyers’
bargaining power by lowering information asymmetries toward suppliers (Roeck et al., 2020).
Similarly, when considering service provision, companies leverage data access (Sorescu,
2017; Zaki, 2019). In this respect, BT can represent an effective technology in a business-to-
consumer setting, where there is a higher level of complexity (Ahmed et al.,, 2022). However,
there may be some benefits for upstream firms too, as adopting BT can mitigate the bullwhip
effect (Babich and Hilary, 2020), which is higher for firms at initial positions in the SC (Bode
and Wagner, 2015).
These arguments lead us to propose the following hypothesis:

H7. The effect of BT adoption on operational performance is affected by the position
along the SC of the implementing firm.

The hypotheses are summarized in Table 1.
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Theoretical
Hypothesis Main arguments lens Supporting references
H1: The adoption of BT e BT enables the Transaction Hong and Hales (2021),

leads to improved sales
performance

80

H2: The adoption of BT
leads to improved labor
productivity

H3: The adoption of BT
leads to improved
operating cycle time

H4: The adoption of BT
leads to improved firm
profitability

Table 1.

Summary of the
hypotheses underlying
the study

development of reputation
systems for evaluating
business partners,
streamlining the supplier
selection and vetting
process

BT allows individuals to
check product provenance,
authenticity, and quality,
potentially influencing
consumer choices and
supporting higher pricing
strategies

BT automates tasks and
reduces the need for
traditional communication
methods, freeing up time
and resources to be
deployed elsewhere

BT decreases the time
spent reconciling data and
waiting for approvals,
leading to more informed
decision making and lower
error-related costs

BT minimizes
environmental and
behavioral uncertainty,
reducing the need for buffer
resources and accelerating
operations

BT enhances financial
flows by connecting
buyers, suppliers, and
banks on a distributed
ledger, reducing the need
for manual verification and
speeding up payments

BT decreases costs along
all the phases of a
transaction: ex-ante
(strengthened visibility and
transparency), negotiation
(easier contract registration
and fewer payment
withholding issues), and ex-
post (lower activities
adjustment effort)

BT improves sales
performance (H1)

cost economics

Transaction
cost economics

Transaction
cost economics

Transaction
cost economics

Lumineu et al. (2021),
Danese et al. (2021),
Moretto and Macchion
(2022)

Malhotra ef al. (2022),
Lumineau et al. (2021),
Sauer et al. (2022), Roeck
et al. (2020)

Babich and Hilary (2020),
Nandi et al. (2020), Chod
et al. (2020), Wang et al.
(2019)

Chod et al. (2020), Kopyto
et al. (2020), Enrique ef al.
(2022), Gong et al. (2022)

(continued)
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Theoretical
Hypothesis Main arguments lens Supporting references
H5: The effect of BT e BT enhances regulatory Contingency Ghadge et al. (2022), Peng
adoption on operational compliance by streamlining  theory et al. (2022), van Hoek

performance is affected by

data handling and reducing

(2019), Hastig and Sodhi

the regulation intensity of paperwork through (2020)
the industry automated processes
e BT adopters may be

H6: The effect of BT
adoption on operational
performance is affected by
the competition intensity
of the industry

H7: The effect of BT
adoption on operational
performance is affected by
the position along the SC
of the implementing firm

subject to implementation
challenges in terms of
industry-specific
regulatory alignment
High levels of competition
are often associated with
enhanced operational
performance when firms
adopt information
technologies like BT.

BT benefits are linked to
network effects; less
competitive environments
allow dominant firms to
influence and expand BT
adoption among business
partners

Downstream companies
benefit from BT in terms of
monitoring and control
activities, reducing costs,
and information

Contingency
theory

Contingency
theory

Raguseo et al. (2020),
Hartley et al. (2022),
Mathivathanan ef al.
(2021), Schmidt and
Wagner (2019)

Li et al. (2022), Rogerson
and Parry (2020), Roeck
et al. (2020), Babich and

Hilary (2020)

Blockchain
performance
and
contingencies

81

asymmetries
e Upstream companies
benefit from BT with
regard to bullwhip effect
mitigation
Source(s): Author’s own creation

Table 1.

4. Methodology

To test our hypotheses, we developed a secondary data analysis relying on the combination
of a long-term event study (RQ1) and an ordinary least squares (OLS) regression (RQ2).
Overall, using publicly available data drawn from firms’ financial statements increases the
objectivity of the measures, avoiding the biases connected to self-reported (perceptual) data
(e.g. Podrecca et al,, 2022). In this respect, long-term event studies represent the most widely
acknowledged and robust statistical method to investigate the performance effects of events
such as the introduction of new technologies (e.g. Hendricks ef al, 2007; Hill et al,, 2018; Yiu
et al, 2021) and managerial practices (e.g. Orzes et al.,, 2017; Shou et al., 2021).

Long-term event studies analyzing accounting-based measures[2]are structured to exclude
major causes of endogeneity and bias in the results, which appear as a core challenge when
investigating the performance implications of firms’ strategic choices, such as the adoption of a
new technology or managerial practice (Klockner et al, 2022; Corbett et al, 2005). In fact, firms
with certain characteristics and/or performance levels may be more likely to pursue a certain
strategic decision (i.e. in the case of this study, to adopt BT), thus being structurally subject to
a non-random self-selection process (Klockner et al., 2022; Xiong et al., 2021).
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[JOPM Endogeneity concerns caused by non-random self-selection processes can be addressed
4413 by comparing the performance of the firms identified as adopters of a specific technology/
’ managerial practice with a control sample built by identifying, for each adopter, a portfolio of
companies that match its characteristics (i.e. typically industry, size, and performance prior to
the event) but do not resort to the technology/practice under examination (Orzes et al., 2017,

2020; Podrecca et al., 2022).
82 By analyzing the abnormal performance (i.e. comparing adopting firms with the control
sample), event studies allow the addressing of selection biases stemming from observable
firm-specific features and the effect of prior performance (Hill et al, 2018; Podrecca et al., 2022;
Barber and Lyon, 1996). As explained in more detail in the following paragraphs, we carefully
adopted the guidelines suggested by previous research to avoid any pitfalls in the application
of the methodology. Robustness tests (presented in the online Supporting Material) were also
performed to further validate our results. The remaining limitations are clarified in Section 6.

4.1 Sample firms

The reference population is made up of public companies listed in North America. This choice
was motivated by the higher adoption rates of BT in North American firms as opposed to
other regions (GVR, 2020). This also allowed us to access financial statements elaborated
under the same accounting frameworks, thus improving the comparability of the data (Lo
et al,, 2009).

To identify a sample of adopters, we performed a search of the Factiva commercial news
database (Xiong et al., 2021; Podrecca et al., 2022). Our focus was on BT implementation for
SCM purposes. We thus aimed to build a sample of companies that have adopted BT to
support business processes related to the production of goods or delivery of services
(Klockner et al, 2022). Therefore, the research was based on BT-related keywords (e.g.
blockchain, block data, distributed ledger, consensus-based ledger, decentralized ledger,
decentralized distributed database, digital ledger, and immutable ledger) and SC-related
keywords (e.g. supply chain, supplier, customer, tracking, traceability, trackability,
warehousing, logistics, purchasing, procurement, inventory, distribution, and transport).
The research covered the period 2010-2020, with the first record found being for 2015. The
announcements were analyzed to exclude unsubstantiated initiatives and cases where BT
was not adopted to support SC business processes (e.g. cryptocurrencies). For each potential
sample firm, we conducted a supplementary news search and screened official websites and
annual reports to: 1. ascertain that the company had actually implemented BT and not
discontinued it, and the exact implementation year; ii. exclude initiatives that were still in an
initial phase (proof of concepts and pilot projects); and iii. identify any other event that might
affect firms’ performance (McWilliams and Siegel, 1997; Nelson et al., 2008).

The process resulted in a sample of 130 companies. The demographic of firms by adoption
year and by industry is reported in Table S1 in the Supporting Material; the distribution is
consistent with extant research (Xiong et al.,, 2021).

4.2 Analysis of BT performance implications

The hypotheses related to operational performance (H1, H2, H3, and H4) were tested through
a long-term event study. From the text of the announcements, it emerged that BT
implementation requires 12-18 months on average. The event period was thus defined as the
year in which BT was introduced (year t) and the previous year (t-1). Year t-2 was set as the
base year (i.e. the event-free year) (Orzes et al, 2017) and used to build the sample of control
firms. Year t-3 was considered to control for endogeneity issues, that is, to verify that the
performance changes appeared only after the technology had been implemented (Podrecca
et al, 2022; Lo et al., 2014).
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The operationalization of the performance measures followed that of other event studies Blockchain
(Loetal, 2014; Treacy et al., 2019; Orzes et al., 2020). We used the year-over-year sales growth performance
for sales performance (H1); the ratio between operating income and the number of employees d
for labor productivity (H2); the sum of account receivables and inventory days for the . an
operating cycle (H3); and return on asset (ROA) for profitability (H4). The data were extracted contingencies
from the Bureau van Dijk Orbis database.

For each BT-adopting firm, and for each performance dimension, a distinct control 83
portfolio of non-BT adopting firms was identified (Hendricks et al, 2007; Podrecca et al., 2022).
Consistent with the recommendations of Barber and Lyon (1996) [3], three criteria were
considered: industry (control firms should operate in the same first two-digit SIC code
industry), size (the total assets of the control firms should be comprised in the 50-200%
interval of the BT-adopting firm’s total assets in the base year), and performance (control
firms’ performance should range between 90% and 110% of the BT-adopting firm
performance in the base year). If no firm matched, the industry criterion was relaxed to the
first one-digit SIC code and then removed (Podrecca et al, 2022; Orzes et al., 2017). The
resulting average ratio of sampled firms to control firms is 1: 6.21; this is considered normal
for event studies (Orzes et al., 2020).

The abnormal performance (AP) change was determined as:

AP 11y = PS(t 1) —~EP(t 1)
EP(s1) = PSia) + (PCisn) —PCiriay)

Where PS is the actual performance of the BT-adopting companies, EP is the expected
performance, PC is the median performance of the control companies, t is the year of
blockchain implementation, a is the starting year of comparison (—3, —2, —1, 0, 1),and b is the
ending year of comparison (—2, —1, 0, 1, 2). As the Shapiro—Wilk tests showed that the data
were not normal, we resorted to non-parametric tests to verify whether AP differed
significantly from zero. Following Podrecca et al (2022) and Orzes et al. (2017), we performed
the Wilcoxon signed-rank test (WSR) for symmetric distributions and the sign test for
skewed ones.

4.3 Analysis of contextual factors

Consistent with previous research (e.g. Swink and Jacobs, 2012; Yang et al, 2021; Podrecca
et al, 2022), we tested Hb5, H6, and H7 through an OLS regression on the abnormal ROA
between t-2 to t-+1 (short-term effects) and t-2 to t+2 (medium—long-term effects). ROA “vefers
to a firm’s ability to make use of its total assets to generate net operating income” (Yiu et al.,
2021, p. 3956) and is therefore affected by both the top and the bottom-line of the company (De
Jong et al., 2014; Podrecca et al., 2022). Moreover, according to Barber and Lyon (1996), ROA
represents the best synthetic indicator of overall operational performance.

Three independent variables were included:

(1) Regulation (H5) was operationalized through the Regulation Index of the RegData
database (Quantgov, 2023). By building on text mining and machine learning
techniques, RegData analyzes the text of federal laws, rules, and norms enacted in the
US and Canada to create an index for the number of regulations affecting each
industry in each year (Al-Ubaydli and McLaughlin, 2017; McLaughlin and Sherouse,
2019; Quantgov, 2023). Previous adoption of this index can be found, among others, in
Martin et al. (2018) and Espinosa (2021).
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IJOPM (2) Industry competition (H6) was operationalized as 1-Herfindahl-Hirschman index
4413 in the base year with the industry defined by the first two-digit SIC code (Lo et al.,
’ 2013).

3) Supply chain position (H7) was included as a categorical variable following the
approach of Gualandris et al (2021) and Schmidt et al (2017). Two authors
independently categorized each firm’s position based on its industry, the information

&84 available on the company website, and the SEC filings. To ensure rigor and inter-rater
reliability, an external researcher was also involved. A four-level scale was developed:
“1” raw material suppliers, raw material-related service providers (e.g. contract
drilling), utilities; “2” component suppliers, business to business (B2B) service
providers; “3” original equipment manufacturers (OEM), service providers
addressing both the business and consumer markets (B2B and B2C); “4”
distributors, retailers, B2C service providers. In case of a firm operating across
multiple lines of business at different positions along the SC, the announcement and
publicly available information were analyzed to identify the unit of interest.

Additional variables were added to the model to control for some aspects that could affect the
outcomes of BT adoption:

(1) Firm size (total assets in the base year, logarithmic transformation to correct for
skewness) (Zhan et al., 2021) as the impact may differ between small and large
companies (Xiong et al., 2021).

(2) Year (year of adoption) (Lo et al., 2014) as BT is a rapidly evolving technology, firms
that have implemented it more recently may have more advanced solutions (Ghadge
et al., 2022; Liu et al, 2021).

(3) Capitalintensity (ratio of assets over revenues in the base year) (Su et al., 2015) as more
capital-intensive firms are usually characterized by high investment risks and capital
layouts and may experience higher benefits from improving the control of operational
activities (Ramamurthy ef al, 2008).

4) Industry efficiency (median ROA of the industry, first two-digit SIC code) (Podrecca
et al., 2022) as the marginal performance improvement may be lower for companies
operating in more efficient contexts (Lo ef al, 2013).

() Industry size (total assets of the industry in the base year, first two-digit SIC code,
logarithmic transformation to correct for skewness) (Malighetti et al,, 2011) as firms in
larger industries may gain more benefits from technology adoption (Yiu et al,, 2021).

To control for continual influence over time, we also included the pre-adoption ROA
(operationalized as the ROA in the base year) (Orzes ef al, 2017). Dummy variables were
added to control for industry heterogeneity (Xiong et al., 2021).

Finally, we included two dummy variables to account for different applications of BT. All
projects undertaken by the firms in our sample involved the use of BT in relation to SC
business processes. Among these, the literature shows that applications for tracing
(upstream) or tracking (downstream) physical products along the SC are prevalent (Nandi
et al., 2020; Ahmed ef al,, 2022); however, the benefits are not clear (Klockner et al., 2022; Liu
et al., 2022). The variable Physical object has thus been added to verify the presence of
different effects. The other dummy variable considers whether BT included smart contracts
as executable software elements (Smart contracts). This was motivated by smart contracts
offering machine-based automation, with possible effects on performance (Babich and Hilary,
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2020; Lumineau et al., 2021). The coding of BT initiatives was performed by two researchers Blockchain
who were involved in the project and an external one. f

- . . . . . errormance

Table S2 in the online Supporting Material shows the correlation matrix. P

and
contingencies
5. Results
5.1 BT performance implications
The effects on operational performance were investigated by analyzing the presence of 85

abnormal performance between BT adopters and comparable non-BT adopting firms. For
each performance dimension and time interval, Table 2 shows whether the data are normal
and/or skewed, the number of observations, the median and mean values of the abnormal
performance (AP median, AP mean), and the results of the tests.

The results indicate that, with regard to sales, no statistically significant abnormal
performance was found (H1 not supported). With respect to labor productivity, there is a
positive and statistically significant abnormal performance int-2 tot, t to t+2, t-2to t+1, t-2 to
t+2, and t to t+1 (H2 supported). In terms of operating cycle, abnormal performance is
negative and significant in t-2 to t, t-2 to t+1, t-2 to t+2, and t-1 to t. This indicates a
better performance of BT adopters compared to their peers (H3 supported). To conclude, ROA
shows a positive and statistically significant abnormal performance in the following
time intervals: t-2 to t-1, t-2 to t, t to t+2, t-2 to t+1, t-2 to t42, and t+1 to t+2 (H4 supported).

To verify whether the results could be explained by the adoption of BT and were not
following a prior trend (i.e. rule out endogeneity issues), we tested for the presence of
abnormal performance before the implementation period (i.e. t-3 to t-2) (Podrecca et al.,
2022; Orzes et al., 2017; Lo et al., 2014). The results (Table 2) highlight no statistically
significant abnormal performance changes in the period t-3 to t-2, but only from t-1
onwards, when the firms entered the event period. This test confirms the absence of
systematic biases. Additional robustness tests are available in the online Supporting
Material. These were conducted to verify the potential effect of the COVID-19 pandemic,
address multiple testing issues, and check for unexpected outcomes associated with BT
adoption.

5.2 Contextual factors

Table 3 presents the results of the OLS regression. These indicate that firms belonging to
more regulated industries gain superior benefits only in the medium-long-term (i.e. from t-2
to t+2), while no effect is detected in the short-term (ie. from t-2 to t+1) (H5 partially
supported). No statistically significant effect results for industry competition (H6 not
supported). The moderating effect of the SC position of the BT-adopting firm is significant
and positive (i.e. the closer companies are to the end customer, the better the results from BT
adoption) (H7 supported).

With regard to the control variables, the results appear to be negatively affected by the
pre-adoption ROA. In terms of different applications of BT, we found that smart contracts
lead to higher benefits for adopting firms. The variance inflation factors (VIF) were <10 for all
the parameters included in the model (Hair et al, 2009); no multicollinearity issues emerged.
To further strengthen our findings, we controlled for self-selection through the Heckman two-
step estimation approach (Heckman, 1979), ascertained that there was no bias due to the
COVID-19 pandemic, and adopted a different approach to operationalize the variable “Supply
chain position” (see Supporting Material-Tables S4-S9).
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IJOPM p-value

44,13 p-value  (Sign
Period Normality Skewness N~ AP mean APmedian (WSR) test)

Profitability
Single-year periods t-3 to t-2 NO S 126 —0.93% 0.10% 0.676 0.465
t2 to t-1 NO S 128 1.87% 0.77% 0.006%** 0,003
86 tltot NO S 128 —~1.04% 0.19% 0317 0213
ttot+1 NO 128 1.23% 0.48% 0.130 0.092*
t+1tot+2 NO S 118 0.31% 0.39% 0.236 0.048**
Multi-year periods t-2tot NO 128 0.84% 0.87% 0.041%% 0.013**
(adoption
window)
tto t+2 NO 118 1.23% 0.79% 0.032%%  0.010%*
(post-
adoption
window)
t2tot+1 NO S 128 2.07% 1.73% 0.000%#* (,000%**
(first-year
post-
adoption)
t2tot+2 NO S 118 2.05% 1.99% 0.000%#* (,000%%*
(full event
window)
Labor productivity
Single-year periods  t-3 to t-2 NO S 120 —-2966.39  —88541 0544 0.842
t2 to t-1 NO S 120 —16658.61 1809.97  0.065*  0.158
tltot NO S 120 30961.81 71931 0149 0.392
ttot+1 NO S 120  5766.89 458219  0.086*  0.027**
t+1tot+2 NO 110 9051.87 447723 0210 0.147
Multi-year periods t-2tot NO 120 14303.20 473075  0.021%F  0.018**
(adoption
window)
tto t+2 NO S 110 15504.19 9068.78  0.014%* (.003%**
(post-
adoption
window)
t2tot+1 NO 120 20070.09 9066.60  0.001%** (,004*%*
(first-year
post-
adoption)
t2tot+2 NO 110 2993549 1465681  0.000%** (0.000%**
(full event
window)
Operating cycle
Single-year periods  t-3 to t-2 NO S 107 —0.28 172 0916 0.877
t2 to t-1 NO S 111 152 -119 0.091* 0171
tltot NO S 109 —6.51 —206  0.099*%  0.027%*
ttot+1 NO S 110 —3.67 130 0.727 0.805
t+1tot+2 NO S 103 —5.86 130 0532 0916
Table 2.
Event study results (continued)
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Period

Normality Skewness N

AP mean

Blockchain
p-value f
p-value  (Sign perrormance

APmedian (WSR)  test) and

Multi-year periods t-2tot
(adoption
window)
tto t+2
(post-
adoption
window)
t-2to t+1
(first-year
post-
adoption)
t-2 to t+2
(full event
window)

Sales performance

Single-year periods  t-3 to t-2
t-2 to t-1
tltot
ttot+1
t+1to t+2

Multi-year periods t-2tot
(adoption
window)
ttot42
(post-
adoption
window)
t-2to t+1
(first-year
post-
adoption)
t-2 to t+2
(full event
window)

Note(s): *p < 0.1, ¥*p < 0.05, ***p < 0.01
Source(s): Author’s own creation

NO

NO

NO

NO

NO
NO
NO
NO
NO
NO

NO

NO

S

110

100

113

103

119
123
123
123
114
123

114

123

114

—7.03

0.89

—4.64

—10.14

—0.94%

6.74%

3.38%

—3.84

0.96

-3.07

-3.21

0.10%

1.68%

0004k oo coOntingencles

0829 0816 87

0.023**  0.045%*

0.040%*  0.005%**

0.245 0.136
0424 0.765
0.660 0.706
0.274 0.500
0.625 0.200
0.409 0.572

059 0611

0.145 0.500

0257 0.200

Table 2.

5.3 Extension

As H6 was not supported, we posited that — independently from industry competition — BT
initiatives initiated by firms’ consortia could onboard SC partners more easily than those led
by single players, thus generating higher network effects and benefits (Mathivathanan et al,
2021; Schmidt and Wagner, 2019). We developed an analysis including a dummy variable
with the value “1” for consortium initiatives and “0” otherwise, as done by Liu et al (2022). No
statistically significant effect was found (Table S3 in the online Supporting Material).

6. Discussion, implications, and future research directions
In this study, we have empirically shown how adopting BT to support SC business processes
affects operational performance. We analyzed 130 firms listed in North America that,
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[JOPM

OLS regression (z = 128)

44,13
Estimated coefficients

Dependent variable = ROA (-2 to t+1) (Robust standard errors) Statistical significance VIF
Independent variables
Regulation 0.024 (0.040) 05516 15274

88 Industry competition —0.437 (0.854) 0.6096 20182
Supply chain position 0.047 (0.014) 0.0012%** 1.4788
Control variables
Firm size 0.022 (0.023) 0.3265 2.1962
Year 0.014 (0.014) 0.3394 1.2435
Pre-adoption ROA —0.668 (0.318) 0.0379%* 2.0022
Capital intensity —0.002 (0.003) 0.5475 1.4339
Industry efficiency 0.182 (0.353) 0.6068 2.2698
Industry size —0.023 (0.035) 0.5125 2.8672
Physical object —0.043 (0.038) 0.2608 1.3697
Smart contract 0.064 (0.035) 0.0747* 1.3680
Industry dummies Included
Adjusted R? 19.69%

OLS regression (1 = 118)
Estimated coefficients

Dependent variable = ROA (t-2 to t+-2) (Robust standard errors) Statistical significance VIF
Independent variables
Regulation 0.053 (0.026) 0.0393** 1.5930
Industry competition —0.687 (0.434) 0.1163 1.9832
Supply chain position 0.047 (0.014) 0.0008*** 1.5755
Control variables
Firm size 0.005 (0.011) 0.6217 2.3321
Year —0.006 (0.013) 0.6203 1.1827
Pre-adoption ROA —0.203 (0.101) 0.0462%* 2.0355
Capital intensity 0.000 (0.002) 0.9492 1.6795
Industry efficiency —0.323 (0.281) 0.2534 2.9306
Industry size 0.006 (0.014) 0.6977 2.8469
Physical object 0.005 (0.029) 0.8725 1.4404
Smart contract 0.046 (0.023) 0.0459** 1.3268
Industry dummies Included
Adjusted R? 15.93%

Table 3. Note(s): *p < 0.1, **p < 0.05, ***p < 0.01

OLS analysis results

Source(s): Author’s own creation

compared with a control sample of non-adopting firms, displayed significant abnormal
performance in terms of labor productivity (H2), operating cycle (H3), and profitability (H4).
The hypotheses were built on previous BT research seen through the theoretical lens of TCE.
We could not find statistically significant results for sales performance (H1). The hypothesis
was formulated assuming that BT-enabled visibility (e.g. product authenticity, process
traceability, and performance of the business partner) would imply a reduction in ex-ante
transaction costs for the customer due to reduced uncertainty (Lumineau et al,, 2021; Schmidt
and Wagner, 2019). In turn, we posited this to drive buying preferences and justify a price
premium (Danese et al., 2021; Rogerson and Parry, 2020). The fact that the hypothesis is not
supported can be explained when considering that the use of BT does not guarantee per se the
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veracity of data. A key issue is the need to establish a link between the digital ledger and the Blockchain
physical reality, as incorrect information can be introduced by mistake or by a malicious performance
agent (Peng et al, 2022; Babich and Hilary, 2020). In this sense, provided that the firm and
publicizes its use of BT, the customer may need the data to be certified. . .

We also built and tested three hypotheses regarding the contingent factors affecting the contingencies
relationship between BT adoption and performance. We found stronger effects for firms
operating closer to the end customers (H7). The level of regulation in the industry (H5) 89
appeared as a statistically relevant moderator only in the medium-long-term. A possible
interpretation is that BT allows easier compliance with standards and regulations (Casino
etal.,2021; Schmidt et al,, 2017); however, in such contexts, time is needed to align the relevant
stakeholders, including institutions (Hastig and Sodhi, 2020).

As we could not confirm any effect with respect to industry competition (H6), we checked
whether BT initiatives initiated by consortia were characterized by a better performance than
those led by single firms. The reasoning was based on the possibility that partnerships could
be more effective in promoting network participation than single players (Schmidt and
Wagner, 2019; Mathivathanan et al, 2021). Consistent with the results of Klockner et al. (2022),
this additional variable was also not significant. Both the original hypothesis (H6) and this
extension assumed that BT is subject to network effects (Hartley et al, 2022; Schmidt and
Wagner, 2019). We thus concluded that — at least at the current level of maturity and
diffusion (Durach et al., 2021; Klockner et al., 2022) — the relevance of network effects in
determining the value of BT is limited, as firms mostly implement initiatives involving their
current supplier/customer base. In this sense, our results suggest that the technical features
of BT make it a superior solution to the hitherto available SC software technologies,
regardless of the ability of a firm to build cross-industry multi-tier BT platforms. A further
element to support this view is that BT proved to be effective independently from the data
being shared, whereas we found positive implications due to the use of smart contracts
granting higher levels of automation.

6.1 Implications for research

This is one of the first studies to analyze the relationship between BT adoption and
operational performance through a secondary data analysis on a large-scale sample of
adopters. Since previous research was based mostly on analytical models, expert studies, and
case research, this addresses a clear gap. Most importantly, different from extensive studies
on stock market reactions (Xiong ef al, 2021; Liu et al., 2022; Klockner et al, 2022), we
substantiate BT effects on specific performance dimensions. Our results show statistically
significant effects on all investigated measures, except for sales. We explained this through
the “garbage in, garbage out” dynamic, namely considering that BT does not ensure the
factual credibility of the data (Babich and Hilary, 2020). A similar argument was put forward
by Klockner ef al. (2022) in relation to lower stock market reactions for initiatives aimed at
tracing physical objects. We add to this by specifying that, at this stage, the customer may not
perceive a differential value in BT-enabled data sharing. More generally, this contributes to
the debate on trust in BT research (e.g. Cole et al, 2019; Treiblmaier, 2018). Whereas in the
cryptocurrency domain BT constitutes a “trustless system” (i.e. there is no need to trust
network participants as data cannot be forged) (Cole ef al, 2019), we confirm that SC
applications seem more suited to trusted networks where participants are responsible for data
veracity.

Our analysis further adds to the current knowledge as it clarifies the effects of three
contingencies widely discussed in the literature, but whose implications had not been
established. We demonstrate a moderating effect for industry regulation (partially) and the
position along the SC of the implementing firm. The fact that neither industry competition nor
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[JOPM the early involvement of project partners was found to be a significant moderator was
4413 explained through the limited relevance of network effects today, as most BT initiatives are

’ still not launched with an industry-wide ambition (Sauer et al., 2022; Malhotra et al., 2022).

Besides the contributions made to the BT literature, we also add to the broader debate on
the value of technology in SCM (e.g. Hill ef al, 2018; Hendricks et al, 2007). Research has
highlighted the need to address disruptive technologies to identify their potential (Liu ef al,
2022). We demonstrate that the effects of BT can be predicted through TCE and CT. This
result is significant, considering recent calls toward a sharper understanding of the fit
between established theoretical perspectives and the transformative changes brought about
by new digital technologies (Hanelt et al., 2021).

90

6.2 Implications for practice
From a practical standpoint, our analysis makes three important contributions. First, we
bridge the gap between narrative and reality by providing solid evidence to corporate
decision makers. As performance expectancy drives technology adoption, a greater
managerial awareness can help to overcome current skepticism (Kouhizadeh et al, 2021;
Fosso Wamba et al, 2020a).

Second, our results for sales performance show that BT is not a substitute for other forms
of signaling quality, authenticity, and reliability. Unless automated solutions are adopted
(e.g. sensors), BT can only add efficiency to the process of making relevant data available.
Their reliability depends instead on the trustworthiness of the business partners. This is
relevant when answering the question of “who is paying for it,” as firms may consider
subsidizing the investment through a price premium on the customer (Ji ef al, 2022; Moretto
and Macchion, 2022).

Third, we clarify that the benefits can be higher for firms operating in regulated industries
(after a time lag) and those closer to the customer. Our results for industry regulation indicate
the importance of all relevant stakeholders working on common frameworks.

6.3 Limitations and future vesearch

The findings should be interpreted considering some limitations. First, although an approach
based on secondary data provides robust and reliable results, it imposes some restrictions in
the considered performance; we could only take into account metrics derived from financial
statements. Moreover, the mechanisms through which these performance improvements
occur could only be inferred from a theoretical point of view, lacking practical verification.
Surveys could be particularly helpful to bridge this gap.

Second, some limitations stem from the choice of the theoretical lenses underpinning this
study. We selected TCE as the main theoretical anchor, as its key focus is on the efficient
management of exchange transactions that can be impacted using BT as a new kind of
transactional database. The integration of CT helped us to address some limitations of the
theory by considering the moderating effects of some relevant contextual variables. Of course,
the choice of theory is a question of fit: other lenses could be applied to certain aspects, but it is
important to select the one that provides the clearest and most comprehensive explanation of
the issue at hand. Under this premise, future studies can leverage other theories for
investigations targeted at clarifying specific points. For example, as PAT focuses on the
optimal contract form to control a relationship, it would be interesting to sample only projects
that use BT as the basis of smart contract implementation to investigate their effectiveness.

Third, although the focus on firms listed in North America was methodologically justified
by the need to retrieve comparable and reliable financial data, it reduces the generalizability
of the findings. The outcomes for sales performance may depend on the considered
geographical setting, particularly given the differences in the level of BT adoption and
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awareness (GVR, 2020). Future studies could verify the results in other contexts. This is Blockchain
particularly relevant given the challenges of operating in emerging markets (Liu ef al, 2022) performance
and the existence of different regulations affecting data handling (Klockner et al, 2022; and
Rogerson and Parry, 2020). In doing this, researchers should consider the penetration of BT in . .
the country of interest. This is because it may prevent the identification of adequately sized contingencies
samples (GVR, 2020), the availability of reliable and comparable financial data (many studies

have used secondary data for Chinese companies, whereas this is not the case for other 91
emerging countries) (e.g. Chen et al, 2023; Liu et al., 2022, Shou et al., 2021; Yang et al., 2021),
and the need to deal with announcements and databases in local languages. Depending on
these challenges, surveys can also represent a viable approach.

Another limitation stems from the point in time when our research was conducted. In the
future, it will be possible to investigate the impact of BT over a longer timeframe. Moreover,
further research will be needed as technology standardization moves forward and more and
more BT initiatives evolve toward multi-tier industry-wide platforms (Sauer ef al, 2022;
Malhotra et al., 2022). Should network effects become crucial, the sources of value creation
may be substantially different (Hastig and Sodhi, 2020).

Finally, although we considered the possible effects of different applications, there are
opportunities to further investigate this aspect. For example, some studies have classified BT
initiatives based on the aim (tracking, tracing, process efficiency, and service provision)
(Nandi et al., 2020; Ahmed et al, 2022) and scope (upstream/downstream and multi-tier/single-
tier/internal) (Sauer et al., 2022). Given the current diffusion of BT, it was challenging for us to
find the numbers to test a typology. As firms increasingly implement BT initiatives with
different aims/scope, there will be growing opportunities for a more nuanced view.

Notes

1. The Cambridge Dictionary (2023) defines regulations as “an official rule or the act of controlling
something”.

2. Long-term event studies concern the analysis of abnormal performance upon an “event” over the
timeframe of multiple calendar periods (i.e. quarters or years). The analysis may consider both stock
market indicators and accounting-based measures, whereas short-term event studies address only
stock market returns over a maximum period of 40 days (Ding et al., 2018).

3. An alternative approach would have been propensity score matching; however, recent studies have

criticized this technique (e.g. Siqueira ef al., 2018) as it enhances “imbalance, inefficiency, model
dependence, and bias” (King and Nielsen, 2019, p. 1).
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