
Received: 9 June 2026

Revised: 20 August 2026

Accepted: 31 August 2026

Published: 1 September 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Blockchain Technology Adoption and Firm Performance in
Chinese Cross-Border Digital Trade: Ecosystem Pressure and
Governance Risk
Qian Yang 1,2 and Marisa Laokulrach 1,*

1 International College, National Institute of Development Administration, Bangkok 10240, Thailand;
zz1679@ynufe.edu.cn

2 Information Management Center, Yunnan University of Finance and Economics, Kunming 650221, China
* Correspondence: marisa.lao@nida.ac.th

Abstract

International trade has become increasingly digital, yet cross-border transactions remain
document-heavy and fragmented across organizations. Blockchain offers a possible re-
sponse, but firm-level implementation in Chinese cross-border digital trade remains uneven.
Prior research often treats blockchain adoption as a binary decision, leaving limited under-
standing of how implementation varies among adopters and relates to performance. This
study examines the extent of blockchain technology adoption (BTA) among adopting firms,
jointly analyzing its antecedents and performance outcomes. Adoption extent refers to the
degree to which a firm commits resources, integrates blockchain into operations, and ap-
plies it across key cross-border trade functions. Drawing on the Technology–Organization–
Environment framework, Diffusion of Innovation theory and the Resource-Based View, the
study links eight antecedents to adoption extent and adoption extent to firm performance.
Survey data from 438 blockchain-adopting import and export firms across nine Chinese
provincial-level regions were analyzed using partial least squares structural equation mod-
eling. Trading partner pressure shows the strongest positive association with BTA, whereas
insecurity shows the strongest negative association. Indirect associations run through BTA
between five antecedents and both performance dimensions, with a stronger association
for operational than financial performance. The study shows how ecosystem pressure and
governance risk relate to blockchain implementation and performance among adopters.

Keywords: digital trade; blockchain technology adoption; cross-border trade; firm
performance; PLS-SEM

1. Introduction
The pace of digital transformation in international trade has been accelerating, but

cross-border transactions are still among the most document-heavy and coordination-
intensive activities in global commerce. The International Chamber of Commerce Digital
Standards Initiative (ICC DSI) identified 36 key trade documents across global supply
chains, of which only 21 currently have standardized electronic versions [1]. The Or-
ganisation for Economic Co-operation and Development (OECD) estimates that a 10%
improvement in the policy measures most relevant to paperless trade could increase global
goods exports by up to 18% [2]. A single international transaction routinely involves
importers, exporters, freight forwarders, customs brokers, shipping lines, port authorities,
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banks, insurers, and regulators operating under heterogeneous legal regimes, data stan-
dards, and IT systems. The resulting coordination frictions increase transaction costs, delay
shipments, and heighten compliance risk [3].

Existing digital infrastructures—electronic data interchange (EDI), single-window
customs platforms, and e-commerce systems—have improved information transmission
but have not eliminated cross-organizational fragmentation. The United Nations Global
Survey on Digital and Sustainable Trade Facilitation reports that while paperless trade
implementation reached 72% globally in 2025, cross-border paperless trade stood at only
49% [4]. Three structural frictions sustain this cross-border implementation gap despite
partial digitalization. Information asymmetry arises because firms cannot independently
verify data provided by other organizations. Reconciliation inefficiency arises from the
repetitive entry and matching of the same information through intermediaries. Trust
deficits remain, since cross-border coordination still depends on costly intermediaries that
cannot completely eliminate the risk of fraud.

Chinese cross-border trade is an especially stark illustration of these frictions. Despite
the world’s largest export volume [5] and active state-level blockchain initiatives, firm-level
deployment remains uneven. Blockchain offers one possible response. Its core features—
shared recordkeeping, distributed validation, immutable logs, and smart contracts—are
useful wherever multiple organizations need to coordinate around time-sensitive and
trust-sensitive information. Major application areas include customs exchange, trade
finance, logistics tracking and provenance verification [3,6]. Yet technical potential does
not ensure organizational adoption. Contrasting outcomes among cross-border blockchain
platforms illustrate that deployment depends on multiple ecosystem and institutional
preconditions [7,8] beyond technical capability.

These observations reveal three limitations in prior literature. First, much research
treats blockchain adoption as a binary event, obscuring variation in firms’ actual deploy-
ment extent [9], despite long-standing information systems evidence that technology use
extends from initial adoption into routinization and infusion [10,11]. Second, blockchain’s
value as an inter-organizational infrastructure depends on cross-actor participation, gov-
ernance, and interoperability—characteristics especially salient in cross-border trade, yet
empirical evidence from this context remains limited [12,13]. Third, performance evidence
remains limited and inconsistent, contingent on complementary capabilities and adoption
extent [14–16].

This study examines blockchain technology adoption (BTA) among Chinese cross-
border trade firms by jointly analyzing its antecedents and performance consequences. BTA
is defined as adoption extent among firms that have already deployed blockchain. It refers
to the degree to which a firm commits resources, integrates blockchain into organizational
processes, and applies it across key cross-border trade functions. The study samples are
adopters only. All hypotheses concern variation in adoption extent within this population.
Drawing on the Technology–Organization–Environment (TOE) framework, Diffusion of
Innovation (DOI) theory, and the Resource-Based View (RBV), the study addresses two
research questions:

RQ1. How do technological, organizational, and environmental conditions shape
adoption extent among adopting firms?

RQ2. To what extent is BTA associated with firms’ financial performance and opera-
tional performance?

This study makes three contributions. First, it shifts the question from whether firms
adopt blockchain to how far adopters take it. Adoption extent is associated primarily with
ecosystem pressure rather than with perceived innovation attributes. Governance risk
constrains it even after adoption. Second, it integrates TOE, DOI and RBV within one
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firm-level model that links technological, organizational and environmental antecedents
to BTA and BTA to operational and financial performance, thereby extending blockchain
adoption research from antecedent identification to adoption–performance explanation.
Third, it examines this framework in Chinese cross-border digital trade, where ecosystem
platforms, regulatory heterogeneity and Pilot Free Trade Zone (PFTZ) initiatives shape
firm-level blockchain implementation conditions.

2. Literature Review and Theoretical Framework
2.1. Blockchain Technology in Cross-Border Trade

Cross-border digital trade depends on digitally mediated documentation, verification,
logistics coordination, payment settlement and regulatory compliance across multiple
organizations. Yet existing digital infrastructures have not fully resolved information
asymmetry, reconciliation inefficiency and trust deficits across jurisdictions. Against this
background, blockchain has emerged as a coordination infrastructure for cross-border
trade. Decentralized recordkeeping, immutable transaction logs, cryptographic verification
and programmable smart contracts address long-standing issues of international trans-
actions, including document fraud, information asymmetry and settlement latency, in
applications such as trade finance, customs clearance, logistics tracking and provenance
certification [3,6,17].

China is a particularly relevant setting for studying the adoption of blockchain tech-
nology in cross-border trade. Trade scale is accompanied by sustained state support for
blockchain innovation [18]. Official reporting recorded 66 representative blockchain appli-
cation cases across the country by 2023 [19]. In the field of customs and trade facilitation,
China and Singapore jointly built a blockchain-enabled international trade single-window
interconnection [8]. Case evidence from Shenzhen also demonstrates the potential of con-
sortium blockchain in cross-border transaction coordination [20]. However, the deployment
at the firm level is still uneven under the evolving cross-border data governance [21], which
makes China an informative setting for studying BTA antecedents and performance conse-
quences. Synthesizing this literature is challenging due to construct ambiguity, as BTA has
been operationalized in heterogeneous ways in prior work—ranging from technology im-
plementation to broader process and governance transformation—leading to inconsistent
findings [9,12].

Several challenges that affect the adoption of blockchain technology in cross-border
trade reported in the previous literature. At the technological level, firms face coordination
failures in multi-party workflows, document fraud, information asymmetry, and settlement
latency—which blockchain aims to solve [3,17,22]. Integration with existing enterprise re-
source planning (ERP), logistics and customs compliance systems is also a barrier [20,23,24].
Technical implementation adds further complexity through consensus mechanisms, crypto-
graphic key management and smart contract governance [25]. Cross-border data security
risks arise as a result of differing legal regimes and localization requirements [26]. At the
organizational level, blockchain initiatives face strategic inertia and cross-departmental
coordination challenges across operations, IT, compliance and finance [27] and significant
heterogeneity in firms’ resources, human capital and digital readiness [3]. On the envi-
ronmental dimension, the value of blockchain is contingent upon ecosystem participation,
which exposes firms to pressures for adoption by dominant platforms and anchor part-
ners [7,28]. Firms are also subjected to heterogeneous regulatory regimes that at once enable
and constrain the deployment of blockchain [29,30]. Together, these challenges motivate
the choice of antecedents examined in this study (see Table 1).
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Table 1. Mapping between cross-border trade challenges, model variables, and theoretical sources.

Cross-Border Trade Challenge Model Variable (Abbreviation) Theoretical Grounding

Coordination failures in multi-party workflows
(document fraud, information asymmetry,
settlement latency) [3]

Relative advantage (RA) DOI: innovation attributes [31]

Integration barriers with legacy ERP, logistics, and
customs compliance systems [23] Compatibility (COM) DOI: innovation attributes [31]

Technical implementation complexity (consensus,
key management, smart contracts) [25] Complexity (CPLX) DOI: innovation attributes [31]

Cross-border data security and privacy risks under
divergent legal regimes [26] Insecurity (INS) DOI extension; perceived risk literature [32]

Strategic inertia and cross-departmental
coordination in blockchain initiatives [27] Top management support (TMS) TOE organizational context [33]

Resource and human capital heterogeneity across
firms [3] Organizational readiness (OR) TOE organizational context;

inter-organizational readiness [34]

Ecosystem-driven adoption pressure from
platforms and anchor partners [7,28] Trading partner pressure (TPP) TOE environmental context; external

pressure [34]

Regulatory heterogeneity (RCEP, pilot zones, data
governance) [21] Government regulation (GR) TOE environmental context; regulatory

environment [35]

Value appropriation from blockchain-enabled
coordination [14] Financial performance (FP) RBV [36]

Process-level efficiency and reliability gains [37] Operational performance (OP) RBV [36]

Notes: TOE serves as a taxonomic structure; constructs are drawn from their respective theoretical
traditions [38].

Two gaps are particularly relevant. Most studies consider adoption as a binary phe-
nomenon and examine antecedents or performance outcomes separately, rather than incor-
porating them into a framework that considers adoption extent [9,39]. Similarly, evidence
on performance implications is both scant and contradictory [14–16]. The context has
also received little empirical attention [12,13] despite the pronounced inter-organizational
nature of blockchain in the cross-border trade context, including multi-stakeholder ecosys-
tems, regulatory heterogeneity, and network-dependent value creation. Addressing both
gaps requires a framework that specifies why firms adopt blockchain, how adoption is
related to firm performance, and which contextual conditions shape these relationships.

2.2. Theoretical Background

The TOE framework [33] groups antecedents of firm-level technology adoption into
three contextual domains. The technological context covers the internal and external tech-
nologies relevant to the firm. The organizational context refers to firm characteristics such
as structure, managerial commitment, and resource availability. The environmental context
concerns the industry setting in which the firm operates, including competitors, trading
partners, and regulators. Since TOE functions as a taxonomy rather than a substantive the-
ory, researchers typically draw on complementary theories to specify context-appropriate
constructs [38,40]—a practice widely followed in blockchain research [30,41,42].

DOI theory [31] complements TOE by identifying the innovation attributes—relative
advantage, compatibility, and complexity—that shape firms’ perceptions of a technol-
ogy within the technological context. Studies combining TOE and DOI report stronger
explanatory power for complex, infrastructure-like innovations involving multiple stake-
holders [43].

While TOE and DOI explain why firms adopt blockchain, they do not address how
adoption relates to firm performance. The RBV addresses this gap, holding that sustained
competitive advantage stems from valuable, rare, inimitable, and non-substitutable (VRIN)
resources [36]. Although blockchain itself is widely available, its strategic value rests
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on firms’ capability to combine it with complementary organizational assets [44]. Strate-
gic value, on this account, lies not in ownership of the technology but in the extent of
BTA—that is, in the extent to which resources are committed, blockchain is operationally
integrated and applied across key functions [42,45]. Performance outcomes thus depend
on complementary capabilities and sustained process integration [45].

Across these three perspectives, TOE and DOI specify conditions that enable BTA,
whereas RBV ties BTA to firm performance. BTA therefore sits at the center of the frame-
work, bridging upstream conditions and performance outcomes through resource commit-
ment, operational integration, and functional coverage.

2.3. Research Model

The above review suggests the need for an integrated model relating eight antecedents
to BTA and two performance outcomes. Each antecedent is linked to a specific cross-border
trade problem and based on the most appropriate theoretical tradition. Four technological
factors are included—relative advantage (RA), compatibility (COM), complexity (CPLX),
and insecurity (INS). Two organizational factors follow—top management support (TMS)
and organizational readiness (OR). Two environmental factors complete the set—trading
partner pressure (TPP) and government regulation (GR). The two performance outcomes
are financial performance (FP) and operational performance (OP). Table 1 maps cross-border
trade challenges onto model variables and theoretical sources, while Figure 1 presents the
proposed model and hypothesized relationships.

 

Figure 1. Conceptual model. BTA denotes the extent of adoption among firms that have already
deployed blockchain.

2.4. Hypotheses Development

All hypotheses concern the extent of blockchain technology adoption among adopt-
ing firms.

Relative advantage (RA). RA captures the degree to which blockchain is perceived as
superior to the solutions it replaces [31]. In cross-border trade, blockchain’s immutable
ledgers, cryptographic verification, and smart contracts directly address document fraud,
information asymmetry, and settlement latency by enabling trust-minimized multi-party
workflows [17,46]. Meta-analytic evidence confirms that RA is consistently the strongest
DOI predictor of technology adoption [39,41].

H1. Relative advantage is positively associated with blockchain technology adoption.
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Compatibility (COM). COM refers to the degree to which blockchain aligns with
existing systems, procedures, and practices [31]. There are two levels of compatibility at
issue in cross-border trade. The internal compatibility issues involve legacy ERP, logistics
and customs compliance systems [20,23]. External compatibility issues involve partner
platforms, consortium standards, and cross-border data infrastructure, an alignment that
determines whether adoption yields coordination benefits or isolated deployments [7].
Higher compatibility reduces internal integration costs and external friction in the ecosys-
tem [42].

H2. Compatibility is positively associated with blockchain technology adoption.

Complexity (CPLX). CPLX captures the perceived difficulty of implementation and
maintenance of blockchain [31]. Distributed consensus, cryptographic key management,
smart contract programming, and node governance require specialized capabilities that are
largely unavailable in most trading firms [25]. In cross-border environments, these require-
ments are magnified through multi-party coordination across heterogeneous technical and
regulatory environments [24]. Higher complexity increases the learning cost and the risk of
project failure [30,47].

H3. Complexity is negatively associated with blockchain technology adoption.

Insecurity (INS). INS captures the perceived risks relating to data security, privacy
governance and the institutional accountability within blockchain systems [29]. Security-
and governance-related concerns have been increasingly identified as important deterrents
to the adoption of blockchain technology, although these are not classical DOI attributes.
In cross-border trade, shared ledgers expose sensitive commercial data to the consortium
members under different legal regimes. Cross-border data flows are subject to hetero-
geneous localization requirements [25,26,48]. The immutability of blockchain increases
control concerns further, since erroneous records cannot be easily corrected [25]. When
perceived governance risk outweighs expected coordination benefits, adoption is likely to
be constrained [39].

H4. Insecurity is negatively associated with blockchain technology adoption.

Top management support (TMS). TMS reflects the degree to which senior leaders
actively champion blockchain initiatives [49]. In cross-border trade, these initiatives span
operations, IT, compliance, and finance, requiring cross-departmental coordination and
sustained investment that routinely encounter organizational inertia [27,50]. TMS signals
institutional legitimacy, accelerates resource mobilization, and enables firms to progress
from pilot projects to routine use.

H5. Top management support is positively associated with blockchain technology adoption.

Organizational readiness (OR). OR represents a firm’s financial resources, human
capital, and technology infrastructure available for blockchain deployment [34]. In cross-
border trade, beyond hardware and network infrastructure capable of participating in
distributed ledgers, firms need a workforce with sufficient digital literacy to operate and
improve blockchain-integrated trade processes [3]. Firms with richer prior IT knowledge are
better equipped to assimilate new technologies into existing workflows [27]. OR thus works
through two pathways—reducing technical barriers to deployment and strengthening the
capacity to translate deployment into routinized practices.
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H6. Organizational readiness is positively associated with blockchain technology adoption.

Trading partner pressure (TPP). TPP is the extent of demand by customers, suppliers,
or logistics partners that compels firms to adopt blockchain-based systems [28]. As the
coordination benefits of blockchain are only realized when ecosystem participants operate
on compatible protocols, dominant players—platform operators, anchor logistics providers,
and major importers—can effectively impose adoption as a precondition for commercial
access, turning a strategic choice into a relational compliance requirement [39,51]. This
coercive power is especially centralized in cross-border e-commerce platforms [7,17].

H7. Trading partner pressure is positively associated with blockchain technology adoption.

Government regulation (GR). GR signifies policies, standards, and regulatory frame-
works of blockchain and digital trade [29,30]. Supportive regulation—Regional Com-
prehensive Economic Partnership (RCEP) digital trade provisions, blockchain pilot zone
designations, and electronic documentation standards—reduces legal uncertainty [29]. Reg-
ulatory ambiguity and data localization, however, pose compliance costs that can hinder
adoption [26]. In China, where blockchain is promoted alongside data governance [21], the
net effect is expected to be positive.

H8. Government regulation is positively associated with blockchain technology adoption.

BTA and financial performance (FP). BTA may enhance FP through lower documenta-
tion costs, blockchain-enabled trade finance, and reduced supply chain risk [14]. From an
RBV perspective, such returns are attained when firms develop complementary capabilities
that link process improvements to competitive differentiation [15,16]. Empirical evidence
suggests that BTA is positively related to FP in such conditions [14,52].

H9. Blockchain technology adoption is positively associated with financial performance.

BTA and operational performance (OP). BTA is expected to contribute to OP through
transaction efficiency, process reliability and quality of coordination [15]. Smart contracts
automate customs declaration, letter-of-credit issuance and multi-party settlement in cross-
border trade, immutable provenance records reduce discrepancies in documentation, and
shared ledgers eliminate redundant reconciliation [3,52]. There is evidence from Chinese
listed firms that blockchain investment improves operational business processes and supply
chain management [37].

H10. Blockchain technology adoption is positively associated with operational performance.

3. Research Methodology
3.1. Survey Design and Development

Measurement items were adapted from validated scales and contextualized to firm-
level blockchain deployment in cross-border trade. The measurement of each variable
can be found in Appendix A (Table A1). English items were translated into Chinese
and back-translated by bilingual speakers to ensure semantic equivalence in line with
Brislin’s [53] procedure. The questionnaire screened for blockchain adoption, collected
firm and informant characteristics and measured the eight antecedents, BTA, FP and OP.
Antecedent items were adapted from Bag, Rahman, Gupta and Wood [30], Maroufkhani
et al. [54], Lin [29], and Abed [28]. BTA items were adapted from Kim and Garrison [55]
and Fosso Wamba et al. [56], with three items capturing resource commitment, operational
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integration and functional coverage. The three items are treated as reflective indicators
of a common underlying degree of adoption extent rather than as separately estimated
dimensions; as each facet is represented by a single item, BTA is estimated as a single
first-order reflective construct, and the study does not claim to estimate distinct resource-
commitment, operational-integration and functional-coverage subdimensions. FP and OP
items were adapted from Paladino [57], Shashi et al. [58] and Kim et al. [59]. All items were
adapted for blockchain use in cross-border trade and measured on seven-point Likert scales.

To mitigate common method bias (CMB), both procedural and statistical remedies were
applied. Procedurally, predictor and outcome items were separated into different sections
of the questionnaire, item wording was adapted to the study context, and respondent
anonymity was assured [60]. Statistically, post hoc diagnostics of common method variance
were applied.

3.2. Pilot Test

A two-stage pilot test assessed the clarity and psychometric properties of the instru-
ment. Ten professors specializing in cross-border digital trade reviewed the questionnaire
for content validity, and their responses were excluded from empirical analysis. A field
pilot administered via Wenjuanxing from 24 May to 23 June 2025 yielded 59 valid firm-level
responses from import/export firms in the Yunnan PFTZ. RA3 was removed for a low
factor loading (0.445), while OP4 was retained for theoretical relevance despite a marginal
loading (0.634). OP4, despite a marginal pilot loading of 0.634, loaded at 0.905 in the main
sample, supporting its retention. All other constructs met recommended thresholds [61].

3.3. Data Collection

The main survey was administered between August and November 2025 through two
channels. The first was the sample service of Wenjuanxing (www.wjx.cn), a respondent
panel of enterprise managers matched against the study’s eligibility criteria, namely senior
management or IT leadership in import/export firms that had adopted blockchain. This
channel returned 233 questionnaires, of which 101 were valid. The second comprised
institutional contacts with PFTZ authorities, customs agencies and trade associations, which
posted the survey link in WeChat working groups of cross-border trade firms, returning
369 questionnaires, of which 337 were valid. Pilot test participants were excluded. The
lower validity rate for the Wenjuanxing channel (43.3%) relative to the institutional channel
(91.3%) likely reflects the panel’s broader initial pool, which required more extensive
screening against the blockchain-adoption criterion, whereas institutional contacts had
already been informally pre-qualified through professional networks.

Screening items confirmed blockchain adoption, informant position and firm location,
and an attention-check item was embedded. Adoption was defined as any current use of
blockchain in cross-border trade operations, including pilot deployments. As the survey
was anonymous, position was self-reported and firm names were not collected, and sub-
missions were restricted to one per IP address and device. All items were compulsory, and
informed consent was obtained at the outset.

The target population was import/export firms in nine Chinese provinces and munici-
palities with both PFTZ status and documented blockchain applications, namely Shanghai,
Tianjin, Chongqing, Guangdong, Zhejiang, Fujian, Liaoning, Shaanxi, and Yunnan. As no
population frame or allocation rules were available, recruitment followed a convenience
design with regional coverage rather than a probability-based design.

Responses were excluded if they failed the blockchain-adoption screening item, orig-
inated outside the target regions, came from an ineligible informant, failed the attention
check, or were completed in under 200 s [62]. Most exclusions arose from the adoption
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screening item. After screening, 438 valid firm-level cases were retained from the 602 re-
turned questionnaires, a valid-completion rate of 72.76% rather than a response rate, as the
number of invitations issued was not recorded. A priori G*Power 3.1 analysis (multiple
linear regression, fixed model, f2 = 0.15, α = 0.05, power = 0.95, eight predictors) indicated a
minimum sample of 160 firms, well below the final 438 cases. A two-tailed test was retained
as a conservative choice despite the directional nature of the hypotheses.

3.4. Respondent Profiles

The demographic characteristics of respondents are shown in Table 2. The 438 firms
were located in nine target regions, with the largest shares in Guangdong, Yunnan and
Shanghai. The sample was dominated by SMEs, with 73.29% of firms employing fewer
than 500 employees. This threshold follows common international conventions (fewer than
500 employees). Official Chinese SME classification standards, by contrast, apply substan-
tially lower headcount thresholds for wholesale-trade firms (typically under 200–300 em-
ployees), with classification evaluated jointly with revenue criteria. Most firms had been
in business for 6–20 years. The key informants were CIOs or heads of IT, CEOs or gen-
eral managers, or owners or founders, and a plurality reported 1–4 years of blockchain
experience. The sample is appropriate for examining firm-level BTA.

Table 2. Demographic information of informants (N = 438).

Characteristic Frequency Percentage

Geographic Distribution
Shanghai 61 13.93%
Tianjin 31 7.08%
Chongqing 42 9.59%
Guangdong 73 16.67%
Zhejiang 35 7.99%
Fujian 47 10.73%
Liaoning 55 12.56%
Shaanxi 32 7.31%
Yunnan 62 14.16%
Firm Size
More than 1000 employees 50 11.42%
501–1000 employees 67 15.30%
301–500 employees 103 23.52%
101–300 employees 116 26.48%
Fewer than 100 employees 102 23.29%
IT Department Employees
More than 30 employees 44 10.05%
11–30 employees 73 16.67%
4–10 employees 153 34.93%
1–3 employees 129 29.45%
None 39 8.90%
Firm age
More than 20 years 44 10.05%
11–20 years 118 26.94%
6–10 years 121 27.63%
3–5 years 84 19.18%
Less than 3 years 71 16.21%
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Table 2. Cont.

Characteristic Frequency Percentage

Blockchain Technology Experience of Key Informants
More than 8 years 36 8.22%
7–8 years 48 10.96%
5–6 years 82 18.72%
3–4 years 125 28.54%
1–2 years 91 20.78%
Less than 1 year 56 12.79%
Job Position of Key Informants
Owner/Founder 97 22.15%
CEO/General Manager 99 22.60%
CIO/IT Director/IT Head 242 55.25%
Age of Key Informants
50 years and above 32 7.31%
42–49 years 101 23.06%
34–41 years 149 34.02%
26–33 years 116 26.48%
18–25 years 40 9.13%

4. Data Analysis
4.1. Measurement Model

To evaluate the model using PLS-SEM, this study first verified the reliability and va-
lidity of the constructs as shown in Table 3. All outer loadings exceeded the 0.70 threshold,
ranging from 0.711 (RA7) to 0.938 (CPLX1 and CPLX3). All constructs demonstrated strong
reliability—Cronbach’s alpha and composite reliability (rho_a and rho_c) coefficients sur-
passed the 0.70 threshold—and convergent validity, with AVE values above the 0.50 cutoff,
as detailed in Table 3 [61].

Table 3. Descriptive statistics, factor loadings, composite reliability and convergent validity.

Construct M SD Outer
Loadings

Cronbach’s
Alpha

Composite
Reliability

(rho_a)

Composite
Reliability

(rho_c)

Average
Variance
Extracted

(AVE)

BTA 5.62 1.25 0.898–0.904 0.885 0.886 0.929 0.813
COM 5.16 1.32 0.899–0.917 0.896 0.900 0.935 0.828
CPLX 3.23 1.68 0.923–0.938 0.926 0.927 0.953 0.871
FP 5.46 1.41 0.896–0.921 0.926 0.928 0.948 0.819
GR 5.07 1.30 0.891–0.904 0.882 0.884 0.927 0.808
INS 2.90 1.58 0.921–0.937 0.948 0.950 0.962 0.864
OP 5.05 1.47 0.904–0.917 0.931 0.932 0.951 0.828
OR 5.42 1.38 0.901–0.913 0.930 0.930 0.950 0.826
RA 5.32 1.25 0.711–0.834 0.889 0.890 0.914 0.602
TMS 5.34 1.61 0.917–0.933 0.943 0.943 0.959 0.854
TPP 5.52 1.36 0.876–0.911 0.941 0.941 0.955 0.808

Notes: All constructs measured on seven-point Likert scales. M = mean; SD = standard deviation.

4.2. Discriminant Validity

Discriminant validity was assessed with the Fornell–Larcker criterion and the
heterotrait–monotrait ratio (HTMT) as shown in Table 4 [63]. Under the Fornell–Larcker
criterion, the square root of each construct’s AVE exceeded its correlation with any other
construct. The more restrictive HTMT test, shown in Table 4, indicates that all ratios fell
below the 0.85 threshold, with the highest being 0.848 (BTA–RA), confirming discrimi-
nant validity. Bootstrap confidence intervals for HTMT were also inspected. The upper
bound of the 95% BCa interval was below 0.90 for all construct pairs [63]. For RA–BTA,
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the upper bound reached 0.897, which is close to this threshold; RA6–RA8 are worded
closer to realized outcomes than perceived attributes, which may inflate both this proximity
and RA’s comparatively lower AVE and loadings. The comparatively low OP–FP HTMT
(0.158), despite both constructs’ shared dependence on BTA, suggests the two performance
dimensions capture distinct outcome domains with limited additional shared variance.
Conversely, the comparatively strong HTMT values between COM/GR and the perfor-
mance outcomes (COM–OP = 0.725; GR–FP = 0.677), despite null structural paths to BTA,
likely reflect shared method variance among same-informant perceptual measures rather
than a substantive pathway, consistent with the common-method-bias caveat in Section 4.3.

Table 4. Discriminant validity (heterotrait–monotrait ratio—HTMT).

BTA COM CPLX FP GR INS OP OR RA TMS

COM 0.644
CPLX 0.558 0.332

FP 0.504 0.451 0.425
GR 0.530 0.776 0.290 0.677
INS 0.534 0.178 0.823 0.367 0.262
OP 0.627 0.725 0.389 0.158 0.582 0.213
OR 0.783 0.645 0.605 0.384 0.533 0.486 0.687
RA 0.848 0.624 0.739 0.381 0.398 0.535 0.643 0.823

TMS 0.804 0.471 0.622 0.246 0.389 0.495 0.690 0.655 0.824
TPP 0.825 0.747 0.350 0.389 0.546 0.200 0.580 0.611 0.719 0.595

Notes: All values fall below the 0.85 threshold.

4.3. Structural Model

The R-squared of the model is 0.788 for BTA, 0.350 for OP, and 0.222 for FP (R-squared
adjusted = 0.782, 0.342, and 0.213, respectively). Path coefficients are reported in Table 5.

Table 5. Evaluation of the structural model (path coefficients).

Hypothesis Supported Path β 95% BCa CI f2 p-Value

H1 No RA → BTA 0.114 [−0.001, 0.217] 0.012 0.039
H2 No COM → BTA −0.024 [−0.098, 0.051] 0.001 0.534
H3 No (sign reversed) CPLX → BTA 0.186 [0.085, 0.299] 0.045 0.001
H4 Yes INS → BTA −0.293 [−0.380, −0.221] 0.150 <0.001
H5 Yes TMS → BTA 0.261 [0.159, 0.364] 0.124 <0.001
H6 Yes OR → BTA 0.189 [0.085, 0.291] 0.060 <0.001
H7 Yes TPP → BTA 0.439 [0.352, 0.528] 0.324 <0.001
H8 No GR → BTA 0.017 [−0.054, 0.087] 0.001 0.632
H9 Yes BTA → FP 0.459 [0.335, 0.575] 0.271 <0.001
H10 Yes BTA → OP 0.564 [0.480, 0.639] 0.488 <0.001

Notes: Significance is determined by whether the 95% BCa confidence interval excludes zero. Because
BCa intervals are asymmetric, the CI-based classification can occasionally diverge from the p-value at
the boundary (e.g., H1 and the RA indirect effects); the CI criterion is used consistently throughout.
R2 values: BTA = 0.788, FP = 0.222, OP = 0.350.

Bootstrapping with 10,000 subsamples, a fixed random seed and bias-corrected and ac-
celerated (BCa) confidence intervals (two-tailed) was performed to assess path significance.
A path is treated as significant if its 95% BCa confidence interval excludes zero; p-values
are reported for reference. Results are summarized in Figure 2. Six of the ten hypotheses
were supported. TPP exhibited the strongest positive association with BTA (β = 0.439, CI
[0.352, 0.528], f2 = 0.324), supporting H7. INS was strongly negatively associated with
BTA (β = −0.293, CI [−0.380, −0.221], f2 = 0.150), supporting H4. TMS (β = 0.261, CI
[0.159, 0.364]) and OR (β = 0.189, CI [0.085, 0.291]) were positively associated with BTA,
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supporting H5 and H6. The confidence interval for RA included zero (β = 0.114, CI [−0.001,
0.217], f2 = 0.012); H1 was not supported. COM (β = −0.024) and GR (β = 0.017) showed
no significant association with BTA, rejecting H2 and H8. CPLX was positively associated
with BTA (β = 0.186, CI [0.085, 0.299]), the opposite direction from H3; H3 was therefore
rejected. BTA showed strong positive associations with both FP (β = 0.459, CI [0.335, 0.575],
f2 = 0.271) and OP (β = 0.564, CI [0.480, 0.639], f2 = 0.488), supporting H9 and H10.

 

Figure 2. Main model results via PLS-SEM analysis. BTA denotes the extent of adoption among firms
that have already deployed blockchain.

Among four firm-level controls, only IT Employees → OP was significant (β = 0.141,
CI [0.030, 0.246]), while other control paths were non-significant, suggesting the robustness
of hypothesized relationships to firm-level heterogeneity.

Common method bias was assessed with two post hoc diagnostics. All inner-model
VIF values were below 5.0 (Table 6; highest 4.933, RA → BTA), indicating no evidence
of harmful collinearity [61,64]. A full-collinearity test [64] was also conducted, in which
every construct was regressed on an unrelated random variable; six of the eleven constructs
exceeded Kock’s more conservative threshold of 3.3 (highest: BTA, VIF = 5.18), while the
remaining five fell below it (Table 6). This more stringent diagnostic is less reassuring than
the inner-model VIFs alone, and the possibility of common method bias cannot be fully
excluded; results should be interpreted with this caveat in mind. Harman’s single-factor
test on all 44 reflective items produced six components with eigenvalues above one, with
the first accounting for 44.525% of the variance, below the 50% threshold [61].

Channel heterogeneity was examined by adding a channel dummy to the model with
paths to BTA, FP and OP, coded 0 for the Wenjuanxing panel and 1 for institutionally
recruited respondents. The dummy was not associated with BTA (β = −0.027, CI [−0.153,
0.096]) or FP (β = −0.104, CI [−0.276, 0.072]), but was negatively associated with OP
(β = −0.222, CI [−0.386, −0.073]), indicating that institutionally recruited respondents
reported lower operational performance than panel respondents. All hypothesized path
coefficients remained substantively unchanged, and no hypothesis classification differed
from the main model.
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Table 6. Variance inflation factors (VIF).

Path Inner VIF Full Collinearity VIF

RA → BTA 4.933 4.769
CPLX → BTA 3.647 4.009
COM → BTA 3.145 3.445
INS → BTA 2.696 3.180
TMS → BTA 2.594 3.628
OR → BTA 2.813 3.141
TPP → BTA 2.803 3.440
GR → BTA 2.207 3.182
BTA → FP 1.003 5.179
BTA → OP 1.003 5.179
— — OP: 3.214
— — FP: 2.374

Notes: Only theoretical paths are shown; control-variable paths all had VIF values below 1.50. Full
collinearity VIFs follow Kock’s [64] procedure of regressing each construct on an unrelated random
variable; values exceeding 3.3 (bold) indicate potential common method bias.

The model yielded a standardized root mean square residual (SRMR) of 0.072, within
the acceptable limit [61]. A formal cross-validated predictive ability test (CVPAT) [65,66]
was conducted to benchmark PLS-SEM against a linear-model alternative. PLS-SEM signif-
icantly outperformed the LM benchmark for BTA (loss difference = −0.041, p = 0.006), but
the LM benchmark significantly outperformed PLS-SEM for both performance outcomes
(FP: loss difference = 0.509, p < 0.001; OP: loss difference = 0.391, p < 0.001) as indicated
in Table 7. This indicates that while the antecedent structure predicts adoption extent
well out-of-sample, the model’s predictive advantage does not extend to the downstream
performance pathways, and the strength of the BTA→FP/OP associations (H9, H10) should
be interpreted with this limitation in mind.

Table 7. Q2 of the model.

Construct Q2_Predict RMSE MAE PLS–LM Loss Difference p

BTA 0.771 0.482 0.358 −0.041 0.006
OP 0.416 0.767 0.605 0.391 <0.001
FP 0.138 0.935 0.605 0.509 <0.001

Notes: Q2_predict, RMSE, and MAE were obtained using PLSpredict [67]. PLS–LM loss difference
and p-values are from the cross-validated predictive ability test (CVPAT) [65,66]; a negative difference
indicates PLS-SEM outperforms the linear-model (LM) benchmark.

4.4. Mediation Analysis

Because BTA is theorized as the central pathway linking antecedents to firm perfor-
mance, specific indirect effects through BTA were examined (Table 8). Five antecedents
exhibited significant indirect effects on both FP and OP via BTA. The strongest was TPP →
BTA → OP (β = 0.248, CI [0.201, 0.301]), followed by TPP → BTA → FP (β = 0.202, CI [0.137,
0.274]). Significant indirect paths were also found for INS, TMS and OR, and for CPLX
subject to the same conditionality as its direct path. For RA, the indirect association with
FP met the confidence-interval criterion (β = 0.052, CI [0.0006, 0.1057]), although the lower
bound was very close to zero, whereas the indirect association with OP did not (β = 0.064,
CI [−0.0002, 0.1212]). The evidence for an indirect role of BTA in the RA–performance
relationships is therefore mixed and limited.
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Table 8. Specific indirect effects through BTA.

Indirect Path β 95% BCa CI p-Value Supported

TPP → BTA → OP 0.248 [0.201, 0.301] <0.001 Yes
TPP → BTA → FP 0.202 [0.137, 0.274] <0.001 Yes
INS → BTA → OP −0.165 [−0.216, −0.124] <0.001 Yes
INS → BTA → FP −0.135 [−0.191, −0.091] <0.001 Yes
TMS → BTA → OP 0.147 [0.087, 0.215] <0.001 Yes
TMS → BTA → FP 0.120 [0.073, 0.174] <0.001 Yes
OR → BTA → OP 0.106 [0.046, 0.174] 0.001 Yes
OR → BTA → FP 0.087 [0.041, 0.146] 0.001 Yes
CPLX → BTA → OP 0.105 [0.047, 0.170] 0.001 Yes
CPLX → BTA → FP 0.086 [0.040, 0.146] 0.001 Yes
RA → BTA → OP 0.064 [−0.0002, 0.1212] 0.036 No
RA → BTA → FP 0.052 [0.0006, 0.1057] 0.052 Yes
COM → BTA → OP −0.013 [−0.055, 0.029] 0.533 No
COM → BTA → FP −0.011 [−0.046, 0.023] 0.537 No
GR → BTA → OP 0.010 [−0.030, 0.049] 0.632 No
GR → BTA → FP 0.008 [−0.024, 0.043] 0.639 No

Notes: Significance is determined by whether the 95% BCa confidence interval excludes zero. Addi-
tional decimal places are reported for the two RA paths, whose bounds lie close to zero. Because BCa
intervals are asymmetric, the CI-based classification can occasionally diverge from the p-value at the
boundary (e.g., H1 and the RA indirect effects); the CI criterion is used consistently throughout.

5. Discussion
The integrated TOE–DOI–RBV framework captures the adoption–performance rela-

tionships within a single analytical structure, addressing the fragmentation in prior research
that examined antecedents and outcomes separately [14,30]. The effect sizes show that
the largest positive effect is environmental (TPP, f2 = 0.324), while government regulation,
the other environmental-dimension antecedent, shows a negligible effect (GR, f2 = 0.001).
The largest negative effect is a perceived-governance-risk factor (INS, f2 = 0.150), reflect-
ing insecurity around cross-border data and coordination. The organizational dimension
(TMS, f2 = 0.124; OR, f2 = 0.060) falls between these, while the classical DOI attributes are
uniformly weak (CPLX, f2 = 0.045; RA, f2 = 0.012; COM, f2 = 0.001). This ordering suggests
that innovation attributes alone might not fully encompass the main correlates of adoption
extent in this setting. The model’s explanatory power (R2 = 0.788 for BTA, 0.350 for OP,
0.222 for FP), acceptable fit (SRMR = 0.072) and absence of harmful collinearity support its
applicability to the cross-border trade context.

5.1. Trading Partner Pressure as the Leading Antecedent

The prominence of blockchain in cross-border trade reflects its networked nature, in
which value depends on shared participation, interoperable protocols, and coordinated
data exchange across firms [3,7]. The TradeLens collapse shows the opposite pattern: strong
technology backing alone cannot compensate for weak ecosystem participation.

The size of the TPP effect can be explained by three mechanisms described in previous
research [51]: a coercive-hierarchical channel operating through dominant platforms such
as Cainiao, JD Worldwide and Alibaba’s International Digital Commerce Group, which can
make protocol compatibility a condition of relational access; a network-externality channel
in which anchor-firm commitments cascade to suppliers; and a state-coordinated mimetic
channel operating through customs single-window pilots and PFTZ-level blockchain corri-
dors. These channels were not separated here, but the observed coefficient is consistent
with their combined operation and offers one way to unpack the unitary institutional
pressure construct in recent blockchain work [22].
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5.2. Organizational Mobilization

TMS (β = 0.261, f2 = 0.124) and OR (β = 0.189, f2 = 0.060) were both positively associated
with BTA. Blockchain initiatives in cross-border trade span operations, IT, compliance, and
finance, requiring sustained cross-functional coordination [27]. TMS provides strategic
authorization and resource-mobilization support to take firms beyond pilot deployment,
while OR captures the infrastructure, technical skills and financial capacity through which
blockchain is absorbed into existing workflows.

The larger TMS coefficient relative to OR can be explained in the context of the com-
position of the sample. In an adopter-only sample, baseline readiness is likely already
above the threshold for participation, so there is little variance left for OR to explain.
In such situations, greater adoption extent appears to be more closely tied to manage-
rial approval and cross-functional collaboration than to baseline readiness. The RA path
was not significant (β = 0.114, f2 = 0.012). Its modest effect is consistent with percep-
tual homogeneity. RA had the lowest standard deviation among antecedent constructs
(M = 5.32, SD = 1.25), suggesting that adopters generally agreed that blockchain provides
superior benefits over incumbent systems. What appears to distinguish firms in adoption
extent is therefore less their evaluation of blockchain benefits than the ecosystem and
organizational conditions under which they operate. This reading is consistent with the
diffusion principle that the attributes of innovation become less important as adoption
approaches routinization [31].

5.3. Insecurity and Governance Risk

Insecurity is particularly salient in cross-border digital trade, where blockchain deploy-
ment intersects with heterogeneous data governance regimes. INS was strongly negatively
associated with BTA (β = −0.293, f2 = 0.150) and was the only significant negative an-
tecedent. Although this finding is consistent with perceived risk theory [32], its strength
in an already-adopting sample suggests a broader interpretation. INS appears to capture
not only transactional risk but also governance risk at the interface between blockchain
architecture and cross-border data flows.

Two sources are especially relevant. Shared ledgers reveal sensitive commercial data
to consortium members subject to different legal systems. Firms operating in multiple juris-
dictions therefore encounter overlapping obligations under instruments such as China’s
Personal Information Protection Law (PIPL) and the European Union’s General Data
Protection Regulation (GDPR), with no firm-level mechanism for reconciling conflicting
requirements. A second source lies in the contradiction between blockchain’s immutability
and the legal expectation of revocability—the right to correct, delete, or rectify records—
which is both technical and institutional in nature [25], generating governance risk beyond
firm-level remediation.

Transactional risk is often reduced by experience, contracts or technological improve-
ment. By contrast, governance risk is created when technology design meets institutional re-
quirements and is largely unresponsive to firm-level remediation. The asymmetry between
TPP and INS thus reflects a defining tension of blockchain in Chinese cross-border trade—
firms attracted to ecosystem inclusion but constrained by unresolved governance questions.

5.4. Complexity Reconsidered

Contrary to H3, CPLX was positively and significantly related to BTA (β = 0.186).
A supplementary estimation excluding INS shows that this coefficient becomes non-
significant (β = −0.022, CI [−0.098, 0.058]). The positive association is therefore conditional
on the inclusion of INS rather than a net association, which is consistent with the high
construct correlation between the two.
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Once governance risk is accounted for, the residual component of perceived complexity
is positively associated with BTA. One interpretation is a sophistication signal: firms may
associate technical complexity with tamper resistance, auditability and execution reliability,
particularly where the architecture is abstracted from end users by service providers [68].
This interpretation is most plausible in settings with visible architectural cues, application-
layer abstraction, and reliability-prioritizing transactions, conditions that broadly describe
blockchain in cross-border trade but were not directly tested here. Another interpretation
is path dependence, where firms with high sunk investment are more likely to extend
deployment than retreat [27]. A third cannot be excluded in a cross-sectional design:
deeper deployment may itself raise experienced complexity.

The result also raises a unit-of-analysis question for DOI. DOI was conceptualized
for individual decisions regarding discrete innovations, while blockchain is an inter-
organizational infrastructure adopted by firms in ecosystems. Complexity at the individual
decision level could operate as a barrier, while complexity at the infrastructure level could
operate as a credibility cue. This does not invalidate DOI but suggests that the complexity
prediction applies more cleanly to adoption initiation than to post-adoption extension, a
stage distinction consistent with the IS implementation-stage tradition [10,11]. Given the
entanglement of complexity and insecurity, this reading remains tentative. An alternative,
measurement-level explanation should also be noted: CPLX and INS are the only two
negatively framed constructs in the instrument (HTMT = 0.823), and their entanglement is
also consistent with a shared item-valence method factor rather than a purely substantive
relationship. The pattern is not decisive, since both constructs also correlate moderately
with RA, TMS and OR, but the measurement-artifact interpretation should be considered
alongside the substantive one.

5.5. BTA and Firm Performance

Both performance outcomes were positively related to BTA with the operational link
notably stronger than the financial link. BTA was positively related to OP (β = 0.564,
f2 = 0.488) and FP (β = 0.459, f2 = 0.271). Mediation analysis revealed that five antecedents
(TPP, INS, TMS, OR and CPLX) exerted significant indirect effects on both performance
dimensions via BTA, with the CPLX effects conditional on the inclusion of INS, whereas
the evidence for RA was mixed across the two outcomes. The results suggest that BTA
links contextual conditions to firm performance [36]. This is consistent with the CVPAT
results (Section 4.3), which show that the model’s predictive advantage over a simple linear
benchmark, while strong for adoption extent itself, does not extend to the downstream
performance outcomes.

The VRIN framework offers one way to understand the OP–FP magnitude gap. Smart-
contract automation, immutable provenance, and shared-ledger reconciliation are most
closely associated with operational outcomes that meet the valuable and rare criteria. Non-
imitability and non-substitutability usually depend on tacit integration and ecosystem
embeddedness that are built over longer horizons. Because this study is cross-sectional, it
cannot establish the temporal order between operational gains and financial returns. The
observed OP–FP gap is therefore consistent with the VRIN interpretation, but it does not
directly test it.

SMEs account for 73.29% of the sampled firms, a segment frequently described in
past studies as having minimal pricing power and a weaker bargaining position against
platform operators [28,30]. Firm-size moderation was not tested in the present study, and
any size-contingent reading therefore remains tentative.
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5.6. Non-Significant Findings and Contextual Conditions

COM (β = −0.024) and GR (β = 0.017) were not significantly associated with BTA. For
COM, the high construct correlations with TPP (HTMT = 0.747) and GR (HTMT = 0.776)
are consistent with variance shared across these constructs, given that partner-platform
alignment and regulatory harmonization may overlap substantially with internal system
fit. An additional interpretation concerns measurement-context fit. Classical COM was con-
ceptualized as firm-level alignment between an innovation and existing systems, whereas
blockchain compatibility in this setting also operates at the ecosystem level—fit between a
firm and the consortium it joins. The DOI-derived COM measure captures the firm-level
concept, and the non-significant result is therefore consistent with a conceptual–operational
gap rather than indicating that compatibility is irrelevant.

For GR, the descriptive distribution offers a sample-specific account. GR shows a
moderately high mean and constrained spread (M = 5.07, SD = 1.30, the second-smallest
standard deviation among antecedent constructs after RA), suggesting that perceptions of
policy support are largely homogeneous across the sampled firms. This homogeneity is
consistent with the uniformly supportive policy environment within which sampled firms
operate, established through the Chinese 14th Five-Year Plan and PFTZ-level digital trade
reforms. The constrained variance limits GR’s statistical capacity to account for variation in
adoption extent in this sample, and the non-significant GR coefficient is therefore consistent
with sample-level policy homogeneity rather than with GR being unrelated to BTA more
generally. This reading is consistent with recent work that considers government support
as a contextual condition rather than a direct driver [69].

5.7. Comparison with Prior Studies

The results align with prior TOE-based work in reporting positive associations for top
management support and organizational readiness [29,30,54]. They diverge in two respects.
First, relative advantage, identified as the dominant innovation attribute in earlier adoption
studies [39,41], is weak in this setting. Second, complexity is not negatively associated with
BTA, contrary to the canonical diffusion prediction [31], although its positive coefficient
holds only once governance risk is accounted for. One plausible explanation for both
divergences is the study’s focus on firms that have already adopted blockchain: perceptions
of benefits are homogeneous once firms have adopted, and complexity does not operate as
a deterrent to continued deployment.

5.8. Theoretical Contributions

The integrated TOE–DOI–RBV framework contributes to the blockchain adoption
literature in three ways. First, the study moves from adoption status to adoption extent.
Stage models treat adoption as an early phase distinct from later routinization and infu-
sion [10], and post-adoptive use varies widely among adopters [11]. A binary measure
therefore cannot capture deployment extent. Within this population, environmental condi-
tions dominate technological perceptions. Trading partner pressure yields the largest effect
size (f2 = 0.324), which no DOI attribute approaches. Prior blockchain adoption research
has relied mainly on perceived-attribute frameworks [9]. The present finding qualifies
that emphasis. For inter-organizational infrastructures, continued deployment reflects
ecosystem requirements more than technology perceptions.

Second, it enhances the integration of TOE, DOI, and RBV. TOE and DOI are usually
treated as parallel or additive frameworks in prior work [40,43]. The findings align with
a conditional integration of DOI delineating what firms assess about blockchain, TOE
contextualizing these assessments in environmental and organizational conditions, and
RBV connecting adoption extent to performance through operational integration and
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routinized use. Technological perceptions differ widely in the weight of explanation (INS
f2 = 0.150 vs. COM f2 = 0.001). This is consistent with the f2 hierarchy logic that TOE
contexts correspond to differential salience among attributes, and RBV links adoption to
firm-level performance.

Third, the positive association between complexity and BTA holds only conditionally
on governance risk and is not observed as a net effect. This suggests that perceived
complexity and perceived governance risk are empirically entangled in inter-organizational
settings, and that the canonical negative-complexity prediction cannot be assessed without
separating the two.

5.9. Managerial Implications

The findings provide practical insights for three audiences. For cross-border trade
firms, the prominence of TPP indicates that blockchain decisions are better treated as
ecosystem positioning than as internal IT investment: firms with weaker ecosystem ties are
likely to lag in adoption extent regardless of internal motivation. The strong negative INS
effect further implies that governance concerns, particularly those relating to cross-border
data flows, persist even among firms that have already adopted and warrant attention
alongside technical implementation.

For platform operators, anchor enterprises and system integrators, technical sophisti-
cation is necessary but not sufficient. Durable partner participation is likely to depend on
reducing governance concerns rather than on compliance pressure alone. Architectures
combining selective disclosure, jurisdiction-aware access controls and reconciliation path-
ways between immutability and the right to rectification under regimes such as PIPL and
GDPR are therefore likely to better serve adopters.

For policy makers, the contrast between a non-significant GR effect and a strong
negative INS effect suggests that among already-adopting firms, governance risk is more
closely associated with adoption extent than is further general policy signaling.

5.10. Limitations

This study has several limitations. The sample consists of firms that have already
adopted blockchain. Adoption extent is therefore observed under selection, and its vari-
ance is restricted, coefficients may be attenuated, and the findings do not speak to what
distinguishes adopters from non-adopters. BTA was measured perceptually as continu-
ous adoption extent without distinguishing maturity stages. As each of its three facets is
represented by a single item, a higher-order specification is not identified. All perceptual
variables were reported by a single informant at one point in time, and no marker variable
was included in the instrument. Firm identifiers were not collected, so the one-firm-one-
questionnaire principle could not be verified at the firm level. Operational performance
was also lower among institutionally recruited respondents, and the source of this dif-
ference cannot be identified in a cross-sectional design. The cross-sectional design does
not permit causal inference, particularly for the temporal ordering of operational and
financial outcomes. Complexity and insecurity are strongly correlated, and the positive
CPLX coefficient is not robust to the exclusion of insecurity, so it remains tentative. The
sample is drawn from nine Chinese regions with PFTZ and digital trade initiatives, which
strengthens contextual consistency but limits regulatory heterogeneity, and is dominated
by SMEs, which constrains generalizability to larger firms.

6. Conclusions
Against the backdrop of accelerating digital transformation in international trade

and persistent cross-organizational frictions, this study examined how adoption extent
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is associated with contextual conditions and firm performance in cross-border digital
trade. Within a unified TOE–DOI–RBV framework, the study treats BTA as a continuous
measure of adoption extent rather than the binary intention or declarative usage measure
dominating earlier work. This distinction matters once the analytical interest shifts to
performance consequences.

The findings indicate that BTA in cross-border trade is not primarily driven by per-
ceptions of innovation attributes, but is most strongly associated with ecosystem pressure,
supported by organizational mobilization and constrained by governance risk embedded
in cross-border data flows. In turn, BTA is linked to firm performance, and the link is
notably stronger for operational than financial outcomes.

Taken together, the study contributes context-specific evidence on adoption extent, a
conditional integration of TOE, DOI and RBV, and a qualification of the canonical complex-
ity prediction, with implications for firms, platform operators and policy makers.

Future Research Directions

Several research directions follow from this study. The first is longitudinal, tracing
whether operational gains translate into financial returns over time. A second concerns
cross-jurisdictional comparison, where heterogeneous data governance regimes such as
China’s PIPL, the EU’s GDPR and the RCEP digital trade chapter may shape adoption in
divergent ways. Blockchain rarely operates in isolation. Its interaction with e-commerce
platforms, customs single-window systems and AI-enabled compliance tools deserves
attention as these infrastructures co-evolve. Designs combining adopters and non-adopters
would separate the correlates of adoption extent from those of the adoption decision
itself. Finally, stage-stratified work could clarify whether antecedent effects vary across
deployment stages of blockchain-enabled digital trade infrastructures.
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Appendix A. Measurement Items and Descriptive Statistics
This Appendix provides the full measurement instrument together with item-level

descriptive statistics (N = 438). All items used a seven-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree). Items were adapted from previously validated
scales and contextually adjusted to reflect blockchain technology adoption in cross-border
trade settings.

Table A1. Measurement items, sources and item-level statistics.

Construct Item Wording M SD Loading Source

Relative Advantage
(RA)

RA1 Blockchain technology improves the efficiency of
cross-border transaction processing. 5.30 1.63 0.834

[30]

RA2 Blockchain technology provides extended visibility
and traceability. 5.33 1.73 0.793

RA3
(removed)

Blockchain technology facilitates the automation of
international contracts through smart contracts. 4.63 1.76 —

RA4 Blockchain technology makes work more efficient. 5.30 1.55 0.776

RA5 Blockchain technology lowers costs. 5.31 1.69 0.768

RA6
Blockchain technology improves service
responsiveness and satisfaction for international
customers.

5.23 1.61 0.749

RA7
Blockchain technology enables entry into new
international markets or attracts new overseas
customers.

5.42 1.56 0.711

RA8 Blockchain technology helps identify new
cross-border business or trade opportunities. 5.36 1.57 0.795

Compatibility (COM)

COM1 Using blockchain technology aligns with our
cross-border trade practices. 5.25 1.46 0.917

[30,54]COM2 Blockchain technology is compatible with our firm’s
operational culture in cross-border trade. 5.03 1.44 0.914

COM3 It is easy to integrate blockchain technology into our
existing cross-border trade systems. 5.21 1.44 0.899

Complexity (CPLX) CPLX1
It is difficult for our employees to learn how to use
blockchain technology in cross-border trade
operations.

3.16 1.81 0.938

[30,54]CPLX2 Maintaining blockchain-based systems in our
cross-border processes is technically challenging. 3.35 1.80 0.923

CPLX3 Operating blockchain technology in cross-border
trade tasks requires complex procedures. 3.17 1.78 0.938

Insecurity (INS) INS1
Our firm is concerned about information security
when using blockchain technology in cross-border
trade.

2.97 1.76 0.933

[29]

INS2
Our firm is concerned about the security of online
financial transactions conducted through blockchain
platforms.

2.85 1.62 0.937

INS3
Our firm is concerned about the privacy of business
data shared via blockchain in cross-border
operations.

2.96 1.70 0.928

INS4
Our firm lacks confidence in the overall security of
blockchain technology for cross-border trade
applications.

2.82 1.72 0.921

Top Management
Support (TMS) TMS1

Our top management actively promotes the use of
blockchain technology for cross-border trade
operations.

5.35 1.77 0.924

[30,54]

TMS2 Our top management creates support for blockchain
technology initiatives within the organization. 5.29 1.77 0.933
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Table A1. Cont.

Construct Item Wording M SD Loading Source

TMS3
Our top management positions blockchain
technology adoption as a strategic priority for
enhancing our cross-border trade capabilities.

5.29 1.67 0.917

[30,54]

TMS4 Our top management is interested in news about
blockchain technology adoption. 5.42 1.77 0.923

Organizational
Readiness (OR) OR1 My firm has enough financial resources to adopt

blockchain technology. 5.40 1.51 0.912

[29]

OR2
My firm has the information technology (IT)
infrastructure required to adopt blockchain
technology.

5.40 1.48 0.901

OR3 Existing technologies in my firm support blockchain
technology adoption. 5.43 1.54 0.910

OR4 IT staff in my firm have the adequate skills to support
blockchain technology adoption. 5.43 1.54 0.913

Trading Partner
Pressure (TPP) TPP1 Our major trading partners encourage blockchain

technology adoption. 5.55 1.48 0.899

[28,29]

TPP2 Our major trading partners recommend blockchain
technology adoption. 5.49 1.53 0.911

TPP3 Our major trading partners request blockchain
technology adoption. 5.45 1.53 0.899

TPP4 Our major trading partners are very knowledgeable
regarding blockchain technology. 5.58 1.51 0.909

TPP5 My firm depends on other trading partners that are
already adopting blockchain technology. 5.52 1.50 0.876

Government
Regulation (GR) GR1

Governmental policies encourage our firm to adopt
blockchain technology in cross-border trade
activities.

5.16 1.43 0.903

[30,54]GR2

Our firm receives government-provided
incentives—such as technical support, training, or
financial subsidies—for adopting blockchain
technology in cross-border trade operations.

5.01 1.44 0.904

GR3
Existing trade-related regulations and legal
frameworks address security and privacy concerns in
blockchain-based cross-border transactions.

5.03 1.46 0.891

Blockchain
Technology Adoption
(BTA)

BTA1

Our firm has invested financial and technical
resources to adopt blockchain technology in
cross-border trade operations. (resource
commitment)

5.64 1.36 0.898

[55,56]BTA2

The execution of our cross-border trade activities
requires the use of blockchain technology (e.g.,
customs clearance, international payments, product
traceability, cross-border finance). (operational
integration)

5.59 1.39 0.903

BTA3

Blockchain technology is applied across key
functional areas involved in our cross-border trade
processes, such as logistics, finance, and compliance.
(functional coverage)

5.62 1.42 0.904

Financial
Performance (FP) FP1 After the adoption of blockchain technology, the

return on investment of our firm is higher. 5.50 1.55 0.921

[57,58]
FP2 After the adoption of blockchain technology, the

return on assets of our firm is higher. 5.30 1.58 0.900

FP3 After the adoption of blockchain technology, the sales
growth and profitability of our firm are higher. 5.46 1.52 0.903

FP4 After the adoption of blockchain technology, the total
operating costs of our firm are lower. 5.58 1.59 0.896
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Table A1. Cont.

Construct Item Wording M SD Loading Source

Operational
Performance (OP) OP1 After the adoption of blockchain technology, the

increase in new transactions of our firm is better. 5.01 1.64 0.917

[59]

OP2
After the adoption of blockchain technology, the
improvement in the safety of cargo management in
the supply chain of our firm is better.

5.11 1.55 0.904

OP3
After the adoption of blockchain technology, the
reduction of various costs, such as operating costs of
our firm, is better.

5.10 1.68 0.914

OP4
After the adoption of blockchain technology, the
improvement of business relations with government
agencies of our firm is better.

4.98 1.60 0.905

Notes: N = 438. M = mean; SD = standard deviation. Loading = outer loading in the final measurement
model. All items used a seven-point Likert scale (1 = strongly disagree, 7 = strongly agree). CPLX
and INS items are worded so that higher scores indicate higher perceived complexity and higher
perceived insecurity. Skewness ranged from −1.52 to 1.02 and kurtosis from −0.78 to 1.79 across all
items. RA3 was removed during pilot testing due to a low factor loading and is shown in gray italics
for completeness; its descriptive statistics are reported from the main sample. OP4 was retained
despite a marginal pilot loading on grounds of theoretical relevance. Items were originally written in
English, translated into Chinese using the back-translation procedure of Brislin [53], and contextually
adapted to blockchain use in cross-border trade; the Chinese version was used in the field survey.
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