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Abstract

Blockchain offers significant potential to enhance transparency, traceability, and trust in e-
commerce supply chains, yet adoption among small- and medium-sized enterprises (SMEs)
remains uneven due to its simultaneous advantages and implementation complexity. This
study conceptualizes blockchain adoption as the outcome of an organizational evaluative
system shaped by digital readiness and dual cognitive assessments. Using survey data
from 548 Chinese e-commerce SMEs, we examine how AI familiarity, representing digital
preparedness, shapes perceived benefits and perceived costs, thereby influencing adoption
intention. Structural equation modeling shows that AI familiarity increases perceived
benefits, reduces perceived costs, and strengthens adoption intention both directly and
indirectly, suggesting that prior technological exposure recalibrates internal benefit–cost
evaluations. Perceived benefits promote adoption intention, whereas perceived costs in-
hibit it, confirming the central role of evaluative integration. Response surface analysis
reveals that adoption intention depends on the configuration of benefits and costs: inten-
tion rises when benefits exceed costs, and benefits exert a stronger influence, indicating
asymmetric weighting. Multi-group SEM suggests that the structural relationships remain
broadly stable across domestic- and internationally oriented firms. By modeling blockchain
adoption as a structured evaluative process conditioned by digital readiness, this study
contributes to a more integrated understanding of organizational technology adoption
under digital complexity.

Keywords: blockchain adoption; digital readiness; organizational decision systems; benefit–
cost configuration; SMEs

1. Introduction
Blockchain technologies have been widely recognized as having transformative po-

tential for digital commerce, supply chain management, and interorganizational coor-
dination [1,2]. Extant research has highlighted blockchain’s technical advantages, such
as immutability, transparency, auditability, and decentralized trust, as key mechanisms
that can reduce information asymmetry and improve transactional reliability [3,4]. De-
spite this promise, empirical studies consistently report that organizational adoption of
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blockchain remains limited and uneven, particularly among small- and medium-sized
enterprises (SMEs) [5]. Prior findings attribute this slow diffusion to high implementation
complexity, integration challenges, cybersecurity concerns, and limited digital capacity
within firms [6,7]. SMEs, which constitute the backbone of many economies, typically
operate with significant resource constraints, lower digital maturity, and heightened sensi-
tivity to implementation risks. These characteristics make SMEs a particularly salient and
theoretically rich context for examining the benefit–cost evaluation processes underlying
blockchain adoption.

While these studies provide valuable descriptive and conceptual insights, they reflect
a broader limitation in how blockchain adoption has been studied: the dominant approach
treats adoption drivers as isolated variables rather than as interacting components within an
organizational decision system [8–11]. This fragmentation manifests in three critical gaps.

First, prior research has largely examined either positive or negative aspects of
blockchain adoption independently, but rarely their joint configuration [8,9]. Studies empha-
size perceived benefits (e.g., transparency, traceability) or perceived barriers (e.g., complexity,
cost) as separate predictors of adoption intention. Yet adoption decisions in complex digital
contexts are not formed through isolated perceptions. Rather, they reflect a structured
evaluative process in which perceived benefits and perceived costs operate simultaneously
and interactively within the organizational decision architecture [12,13]. Without examining
how these dual forces are integrated—specifically, whether their configuration exhibits
congruence effects, asymmetric weighting, or nonlinear patterns—our understanding of
blockchain adoption as a systemic evaluative outcome remains incomplete.

Second, although scholars widely acknowledge the role of digital readiness in shap-
ing adoption decisions, empirical research has largely relied on general measures of IT
capability or organizational innovativeness [14,15]. Little is known about how specific
forms of technological exposure, such as AI familiarity, function as conditioning inputs that
recalibrate the evaluative system itself [12,16]. AI familiarity represents a rapidly emerging
dimension of digital readiness and may function not merely as an antecedent variable
but as a mechanism that shapes how perceived benefits and perceived costs are assessed,
weighted, and integrated within the decision process. From a systems perspective, this
suggests that digital readiness operates dynamically—restructuring the internal logic of
evaluation rather than simply adding a positive bias toward innovation.

Third, while internationalization pressures are frequently invoked as important con-
textual drivers for technological upgrading among SMEs, prior studies seldom investigate
whether the underlying evaluative mechanisms remain structurally invariant across firms
serving domestic versus foreign customers [17]. If blockchain adoption emerges from an
organizational decision system, it becomes critical to assess whether this evaluative archi-
tecture remains structurally stable across different market orientations, or whether external
institutional pressures fundamentally reconfigure how benefits and costs are processed.
Without such examination, we cannot determine whether observed adoption patterns
reflect universal cognitive structures or context-dependent adaptations.

Taken together, these gaps point to a fundamental conceptual limitation: blockchain
adoption among SMEs has been studied as the sum of independent predictors rather than
as the emergent outcome [11] of an integrated evaluative system. Such a system would
comprise (1) digital readiness as a conditioning input that shapes evaluative parameters,
(2) benefit–cost assessment as the core processing mechanism, and (3) contextual factors
as boundary conditions under which the system operates. The absence of research in-
tegrating these three components within a coherent systems framework leaves critical
questions unanswered: How does prior technological exposure recalibrate firms’ evalu-
ation of new innovations? How do benefits and costs combine configurally to produce
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adoption intentions? And are these evaluative mechanisms robust or contingent upon
market context?

We focus on Chinese e-commerce SMEs for several reasons. China hosts the world’s
largest e-commerce market, where SMEs play a critical role in cross-border trade through
platforms such as Alibaba and JD.com. In addition, the Chinese government has actively
promoted blockchain and related digital infrastructures through policy initiatives and pilot
programs, creating a conducive yet complex environment for studying adoption dynamics.
At the same time, Chinese SMEs operate in an institutional context characterized by rapid
digitalization alongside institutional voids, making them an ideal setting for examining
how digital readiness shapes technology adoption under uncertainty.

The present study addresses these gaps by modeling SMEs’ blockchain adoption
as an integrated evaluative system and empirically testing a framework that integrates
(1) AI familiarity as a digital readiness driver [16], (2) a dual-path evaluation of blockchain
through perceived benefits and perceived costs [9,18], and (3) a configurational examination
of benefit–cost alignment using response surface analysis (RSA) [19,20]. Rather than
treating these elements as independent predictors, we examine how their interaction
shapes adoption intention within a coherent decision structure.

Furthermore, by incorporating customer internationalization and evaluating whether
structural pathways differ across domestic- and foreign-oriented firms through multigroup
structural equation modeling (MG-SEM), we assess the robustness of this evaluative system
under varying market conditions [18,21].

This multidimensional approach contributes to the literature in several ways. Concep-
tually, we introduce AI familiarity as a specific and theoretically meaningful dimension
of digital readiness that shapes how firms interpret both the advantages and burdens of
blockchain [15,16]. Methodologically, we employ response surface analysis to uncover
asymmetric and nonlinear patterns in the benefit–cost configuration, highlighting how
adoption intention reflects the relative dominance of interacting evaluative forces [20,22].
Empirically, we provide one of the few SEM-based examinations of blockchain adoption
among e-commerce SMEs in China and test whether the underlying evaluative system
differs across internationalization contexts [18].

Collectively, these contributions suggest that blockchain adoption among SMEs is not
merely the result of isolated perceptual drivers but emerges from the interaction between
digital readiness, dual-path evaluations, and contextual market orientation within an
organizational decision system. This perspective offers a more integrated understanding
of technological adoption in increasingly complex digital systems and provides practical
insights for accelerating blockchain diffusion among SMEs.

The remainder of this paper is organized as follows: Section 2 reviews the literature on
blockchain adoption, the Technology Acceptance Model (TAM), and Innovation Diffusion
Theory (IDT). Section 3 develops hypotheses linking AI familiarity, perceived benefits and
costs, and blockchain adoption intention, including configurational effects. Section 4 de-
scribes the research methodology, data collection procedures, and measurement validation.
Section 5 presents the empirical results from the SEM, response surface, and multi-group
SEM analyses. Section 6 discusses the key findings, theoretical contributions, practical
implications, limitations, and directions for future research.

2. Literature Review
2.1. Blockchain Adoption

This section reviews the current landscape of blockchain adoption research, establish-
ing the empirical context within which our theoretical framework operates. Blockchain has
emerged as a foundational digital infrastructure capable of transforming transactions, verifi-
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cation processes, and information flows across interconnected organizational systems. Early
research in management and information systems highlights blockchain’s capacity to pro-
vide immutability, transparency, traceability, and decentralized trust, making it particularly
relevant for supply chain management, financial services, logistics, and e-commerce [3,4].
From a managerial standpoint, blockchain is conceptualized as a technology that can re-
duce opportunistic behaviors, enhance data integrity, and improve coordination among
ecosystem partners [23].

Despite these advantages, scholars consistently note that blockchain adoption remains
uneven and slower than expected. Key barriers include high implementation complexity,
lack of standardization, cybersecurity concerns, and difficulties integrating blockchain with
legacy systems [6,8]. As a result, many firms perceive blockchain as a high-risk innovation
requiring substantial organizational change, new governance structures, and significant
investments. These contrasting attributes—transformative potential on one hand and
substantial organizational burdens on the other—suggest that adoption decisions involve
balancing competing considerations rather than responding to isolated drivers.

A growing body of research has examined blockchain adoption specifically among
small- and medium-sized enterprises (SMEs). SMEs often lack the financial resources,
technical expertise, and human capital needed for full-scale deployment, making them
particularly sensitive to blockchain’s complexity and uncertainties [24]. This makes them a
critical context for studying technology adoption, as their decision-making processes are
often more susceptible to perceived risks and resource constraints compared to larger firms.
Prior studies show that SMEs adopt blockchain primarily when the perceived benefits
clearly outweigh the perceived costs, for example, improved trust, enhanced supply chain
visibility, fraud reduction, and greater efficiency in cross-border transactions [25–27]. This
pattern indicates that adoption is shaped by an evaluative process in which positive and
negative perceptions are jointly considered within organizational decision-making.

In emerging economies, SMEs tend to adopt blockchain more selectively, with adop-
tion patterns shaped by cross-country institutional and market conditions, as evidenced
by studies in contexts such as India [9]. For e-commerce-focused SMEs, blockchain is
particularly appealing because it can authenticate goods, streamline payment verification,
and reduce disputes. These firms operate in a dynamic environment where transparency
and trust are paramount, making blockchain a potentially transformative yet complex
solution. However, adoption remains hindered by low digital readiness, inadequate IT
infrastructure, and limited managerial familiarity with advanced digital technologies [27].
Taken together, these findings suggest that blockchain adoption among SMEs reflects not
only resource constraints but also how firms perceive and respond to both the opportunities
and challenges that blockchain presents, underscoring its theoretical and practical relevance
as a research context.

2.2. Technology Acceptance Model (TAM)

To examine how organizations evaluate and decide to adopt blockchain technologies,
we employ two complementary theoretical frameworks. The Technology Acceptance Model
(TAM) provides the foundational logic for understanding cognitive evaluations in technol-
ogy adoption decisions. It has been one of the most influential frameworks for explaining
the adoption of new digital technologies in organizational settings. Originally proposed
by Davis [28], TAM argues that two core cognitive evaluations shape users’ technology
acceptance: perceived usefulness and perceived ease of use. Perceived usefulness reflects
the expected performance gains derived from using a technology, while perceived ease
of use captures the degree to which the technology is perceived as free of effort. Rather
than operating independently, these constructs form a structured evaluative basis through
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which users develop attitudes and behavioral intentions. However, empirical studies often
examine their effects separately, with perceived usefulness increasing adoption intentions
and perceived ease of use reducing resistance to adoption [29–32].

In the context of emerging technologies, TAM has been widely applied to analyze
adoption decisions under conditions of uncertainty and rapid technological change. Schol-
ars have consistently shown that when firms believe a technology will improve efficiency,
productivity, transparency, or decision accuracy, adoption intentions increase [30,31]. Con-
versely, when the technology is perceived as difficult to integrate, complex to operate, or
resource-intensive, adoption likelihood decreases [32]. This logic is particularly relevant
for blockchain adoption, where high perceived usefulness and high perceived complexity
frequently coexist [33]. As such, adoption does not emerge from a single dominant percep-
tion but from how positive and negative evaluations are assessed within organizational
decision-making.

For small- and medium-sized enterprises (SMEs), TAM-based studies highlight the
crucial role of managerial digital literacy, operational fit, and perceived resource constraints.
SMEs often adopt technologies only when perceived usefulness clearly outweighs expected
implementation difficulties [31,32,34]. Thus, TAM provides a foundational basis for dis-
tinguishing the two core perceptual components in our model: perceived benefits and
perceived costs. This distinction allows a more nuanced understanding of blockchain adop-
tion by recognizing that positive and negative evaluations are jointly considered rather
than reduced to a single aggregate attitude construct [35–37].

Despite its widespread use, TAM has also been criticized for oversimplifying technol-
ogy adoption by reducing it to a small set of perceptual drivers and treating them as largely
additive, thereby contributing to a theoretical “logjam” in IS research [38,39]. Such parsi-
monious structures tend to underplay the role of contextual influences and the possibility
that different evaluative dimensions may interact in complex ways within organizational
decision systems [40]. In this study, we address these limitations by explicitly distinguish-
ing perceived benefits from perceived costs and by examining their joint configuration,
rather than modeling them as independent, additive predictors of adoption intention.

2.3. Innovation Diffusion Theory (IDT)

Complementing TAM’s focus on individual-level cognitive evaluations, Innovation
Diffusion Theory (IDT) offers a broader organizational and systemic perspective on tech-
nology adoption. Proposed by Rogers [37], it explains adoption as a process shaped by
how individuals and organizations evaluate the characteristics of an innovation. IDT
explains adoption as a process shaped by how individuals and organizations evaluate the
characteristics of an innovation. Two of the most influential attributes highlighted in IDT
are relative advantage and complexity. Relative advantage refers to the degree to which
an innovation is perceived to offer superior performance compared to existing practices,
while complexity concerns how difficult the innovation is perceived to understand and
implement [41]. Together, these attributes frame adoption as an evaluative process in which
competing perceptions are assessed before a decision is formed.

These attributes have been central to understanding organizational adoption of ad-
vanced digital technologies. Technologies with strong perceived relative advantages tend
to diffuse faster because they promise efficiency gains, improved coordination, or enhanced
decision-making [42,43]. Conversely, innovations perceived as complex or technically
demanding face adoption resistance, particularly in environments with limited technologi-
cal readiness [42,44]. Relative advantage and complexity represent competing evaluative
forces that shape adoption outcomes within organizational decision-making processes.
Research on information systems adoption frequently operationalizes these attributes as
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perceived benefits and perceived risks or costs, extending IDT’s conceptual structure to
modern digital innovations [45,46].

IDT is particularly relevant for SMEs because their adoption behavior is often shaped
by managerial perceptions rather than formalized technology evaluation processes [47].
When owners or managers believe that a technology provides clear strategic value or
operational improvement, diffusion occurs more readily [48,49]. When the technology is
perceived as opaque, expensive, or incompatible with existing systems, adoption slows or
stalls [48]. In this sense, diffusion reflects how SMEs interpret and integrate the perceived
advantages and burdens of an innovation within their broader decision logic. These charac-
teristics make IDT a suitable theoretical foundation for examining blockchain adoption in
e-commerce SMEs.

While IDT offers a useful lens on innovation characteristics, its application to organi-
zational settings requires careful adaptation. The original formulation is largely rooted in
individual-level adoption, whereas organizational decisions about complex digital tech-
nologies involve collective evaluation processes and firm-level perceptions. Accordingly,
we treat relative advantage and complexity as organizational assessments embedded within
a broader decision system, and we examine how these perceptions operate together with
digital readiness and contextual conditions to shape blockchain adoption among SMEs.

2.4. Blockchain Adoption Through the Lens of IDT

Having established TAM and IDT as complementary analytical lenses—the former em-
phasizing cognitive evaluation and the latter emphasizing innovation characteristics—this
section applies these frameworks specifically to blockchain adoption, demonstrating how
blockchain’s attributes align with the dual-path benefit–cost evaluation logic central to both
theories. Blockchain has been recognized as an innovation that embodies both strong rela-
tive advantages and significant complexity [50]. This dual nature positions blockchain as a
technology whose adoption can be effectively explained through the principles of Innovation
Diffusion Theory [51,52]. The relative advantages of blockchain include transparency, im-
mutability, decentralization, and enhanced trust in transactions [4,53]. These characteristics
can improve supply chain visibility, reduce fraud, authenticate digital records, and facilitate
cross-border commerce [53,54]. Studies consistently report that such advantages serve as
powerful motivators for adoption in sectors like logistics, finance, and e-commerce [4].

At the same time, blockchain also exhibits substantial complexity, which hinders
diffusion. Organizations often face challenges such as high implementation costs, technical
requirements, interoperability limitations, regulatory uncertainty, and the need for special-
ized human capital [55–57]. SMEs are particularly sensitive to these issues because they
operate with fewer resources and lower digital maturity. As a result, research finds that
many SMEs adopt blockchain only when perceived advantages are sufficiently strong to
offset perceived costs or risks [18]. This pattern reinforces the view that adoption reflects the
balancing of competing evaluative forces rather than the dominance of a single attribute.

Applying IDT to blockchain adoption therefore requires recognizing both sides of the
innovation [4]. Prior research suggests that firms assess both blockchain’s performance-
enhancing potential and its implementation complexity when forming adoption deci-
sions [18,55]. In this sense, blockchain adoption reflects how organizations evaluate com-
peting technological attributes within their decision context. These findings suggest that
blockchain adoption decisions involve evaluating both performance advantages and im-
plementation burdens, consistent with IDT’s core logic [55]. In addition, blockchain’s
suitability for cross-border transactions makes it especially relevant for SMEs engaged in
international e-commerce, where traceability and trust mechanisms are critical [27]. IDT
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thus provides a theoretical foundation for examining how firms interpret and respond to
blockchain’s dual nature when forming adoption intentions.

3. Hypothesis Development
3.1. AI Familiarity as a Digital Readiness Driver

Digital readiness reflects the extent to which organizations possess the technological
awareness, competencies, and cognitive preparedness necessary to evaluate and adopt
advanced digital innovations [58–60]. Prior research emphasizes that firms with greater
exposure to emerging technologies tend to develop stronger technological literacy, higher
analytical capacity, and more refined assessments of potential benefits and risks [8]. In this
regard, AI familiarity, defined as the firm’s accumulated experience with, exposure to, and
routine use of artificial intelligence in its operations, serves as a critical dimension of orga-
nizational digital readiness [61,62]. Firms that actively use or understand AI technologies
are more likely to be open to experimentation, maintain a stronger innovation mindset, and
interpret new digital tools through a more informed and confident lens [63,64].

From a decision-system perspective, AI familiarity does not merely function as a direct
antecedent of adoption intention. Rather, it shapes how firms structure their evaluation
of emerging technologies. Organizations with higher AI familiarity tend to recognize the
strategic advantages of data-driven and trust-enhancing technologies more readily [65,66].
Because they are accustomed to algorithmic systems, automation, and digital infrastruc-
tures, they may assign greater weight to blockchain’s perceived benefits, such as increased
transparency, security, and coordination efficiency [67]. At the same time, AI-familiar firms
often possess stronger digital competencies and problem-solving capabilities, which can
mitigate uncertainty and reduce the perceived costs or burdens associated with adopt-
ing complex technologies [62,68]. In this sense, AI familiarity conditions how perceived
advantages and perceived burdens are assessed and integrated within organizational
decision-making.

Finally, stronger digital readiness fosters openness to innovation, leading firms with
high AI familiarity to exhibit greater willingness to adopt additional advanced technologies
such as blockchain [14,69]. This effect operates through two pathways: indirectly, by
recalibrating how firms assess blockchain’s benefits and costs (via H1a, H1b, H2a, and
H2b), and directly, by fostering a general innovation orientation that increases receptivity
to emerging technologies [12,16].

Based on this reasoning, we propose the following hypotheses:

H1a. Higher levels of AI familiarity will be positively associated with firms’ perceived benefits of
adopting blockchain technologies.

H1b. Higher levels of AI familiarity will be negatively associated with firms’ perceived costs of
adopting blockchain technologies.

H1c. Higher levels of AI familiarity will be positively associated with firms’ intentions to adopt
blockchain technologies.

3.2. Perceptions on Adoption Intention

A central premise in technology adoption research is that organizations evaluate
innovations through a dual assessment of their expected benefits and anticipated costs,
and these evaluations jointly drive adoption intention [48,69]. Building on the Technol-
ogy Acceptance Model and Innovation Diffusion Theory, scholars consistently show that
firms are more likely to adopt a technology when they believe it will enhance perfor-
mance, improve efficiency, strengthen coordination, or create strategic value [32,49,70].
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Such perceived benefits constitute a core positive component within the evaluative process
underlying adoption decisions, particularly for digital innovations that promise operational
transparency, fraud reduction, and trust enhancement, as is the case with blockchain tech-
nologies in e-commerce [32,70]. At the same time, the adoption of complex technologies
involves the cognitive appraisal of perceived costs, including implementation difficulty,
integration challenges, uncertainty, and required resource commitments [68]. Prior studies
emphasize that these perceived burdens reduce organizations’ willingness to adopt emerg-
ing technologies, particularly when firms have limited digital capabilities or operate with
resource constraints [69,71]. For SMEs, perceived costs are often heightened due to limited
technical expertise, higher sensitivity to financial risk, and the need to maintain continuity
in daily operations [68,69,71]. Consequently, negative evaluations such as anticipated com-
plexity or risk can directly counterbalance the influence of perceived benefits on adoption
intention. Beyond these direct perceptual effects, the evaluative pathways also mediate
the influence of digital readiness on adoption outcomes. As hypothesized in Section 3.1,
AI familiarity shapes how firms assess blockchain’s benefits and costs (H1a, H1b). These
perceptual shifts, in turn, influence adoption intention through the mechanisms described
above [72]. Thus, perceived benefits and perceived costs function not only as direct drivers
of adoption intention but also as mediating mechanisms through which AI familiarity
exerts its influence [9,73].

Based on this theoretical foundation, we propose the following hypotheses:

H2a. Perceived benefits of blockchain will positively influence firms’ intentions to adopt
blockchain technologies.

H2b. Perceived costs of blockchain will negatively influence firms’ intentions to adopt block-
chain technologies.

H2c. AI familiarity will indirectly influence blockchain adoption intention through perceived
benefits and perceived costs.

3.3. Benefit–Cost Fit and Asymmetric Effects

Firms rarely evaluate new technologies based purely on standalone perceptions of
benefits or costs. Instead, adoption decisions emerge from the joint configuration of these
perceptions, consistent with fit perspectives and discrepancy theories in organizational
research [74,75]. When firms perceive that the advantages of a technology adequately com-
pensate for its potential burdens, adoption becomes more likely; when costs overshadow
benefits, skepticism intensifies [49,76]. This integrative evaluative logic makes response
surface analysis (RSA) an appropriate approach for examining how blockchain adoption
intention arises from the interaction between perceived benefits and perceived costs.

Blockchain technologies display a dual-nature profile, combining performance- en-
hancing features such as transparency and traceability with high implementation complex-
ity, integration challenges, and governance requirements [9,76]. Because of this duality,
firms rely not only on the independent effects of benefits and costs but also on their relative
alignment within the broader evaluative process.

Response surface analysis enables the examination of several configurational patterns.
First, along the line of congruence—where perceived benefits equal perceived costs—we
assess whether adoption intentions increase linearly as both perceptions rise [77]. Such
a pattern would suggest that balanced, high-magnitude evaluations promote adoption
even when benefits and costs are equivalent. Second, we examine whether this relationship
exhibits curvature, indicating that the rate of change in adoption intention accelerates or
decelerates as congruent perceptions increase [78]. While linear effects reflect proportional
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responses, curvature reveals threshold dynamics or saturation points in the evaluative
system. Such curvature would be consistent with fit theory arguments that evaluative
systems may exhibit threshold or saturation effects as jointly high levels of benefits and
costs are processed.

Third, decision-making theory indicates that optimal motivational conditions may not
occur at perfect congruence but when one dimension exceeds the other [78]. We therefore
test whether the response surface ridge—the peak of adoption intention—deviates from
the line of congruence, signaling that firms prefer benefit-dominant configurations. Fourth,
along the line of incongruence—where perceived benefits differ from perceived costs—we
explore whether adoption intention varies curvilinearly depending on which dimension is
higher and by how much [78]. Curvature along the line of incongruence would indicate
that specific misalignment patterns between benefits and costs (e.g., high–low vs. low–high
configurations) generate distinct adoption outcomes.

Finally, we examine whether firms exhibit differential sensitivity to benefits versus
costs. Prior research suggests that in high-uncertainty technological contexts, potential
performance gains may weigh more heavily than equivalent increases in perceived bur-
dens [77–80]. This asymmetry would manifest as a stronger positive coefficient for benefits
than the absolute negative coefficient for costs, revealing systematic weighting patterns
within the organizational decision system. In SME contexts facing competitive and resource
pressures, potential performance gains can therefore be framed and weighted as strategic
opportunities that dominate implementation burdens within the evaluative system [80].

Building on these theoretical arguments, particularly from fit and discrepancy theo-
ries [74,75], and incorporating insights from ambivalence and asymmetric weighting in
decision logic under uncertainty [77,78], we propose that the configuration of perceived
benefits and costs will systematically influence blockchain adoption intention. The inter-
play between these dual perceptions is not merely additive but involves complex evaluative
processes where congruence, incongruence, and the relative dominance of one over the
other play crucial roles in shaping organizational decisions.

Based on these theoretical arguments, we propose the following hypotheses:

H3a. Along the line of congruence (where perceived benefits equal perceived costs), a positive linear
effect on adoption intention will be observed.

H3b. Along the line of congruence, a significant curvature (quadratic effect) will be observed.

H3c. The ridge of the response surface will deviate from the line of congruence, indicating that the
optimal condition occurs when perceived benefits exceed perceived costs.

H3d. Along the line of incongruence (where perceived benefits differ from perceived costs), a
significant curvature will be observed.

H3e. Increases in perceived benefits will have a stronger positive effect on adoption intention than
the negative effect of increases in perceived costs (asymmetry effect).

3.4. Customer Internationalization as a Contextual Moderator

Research on digital transformation and global supply chains suggests that firms’ tech-
nological decisions are shaped not only by internal capabilities but also by the broader
external environments in which they operate [81,82]. One of the most influential con-
textual factors is customer internationalization, defined as the extent to which a firm’s
primary customers are domestic or foreign. Firms serving foreign markets typically
face greater requirements for transparency, certification, verification, and cross-border
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coordination [83,84]. These firms encounter higher levels of institutional complexity, lo-
gistical uncertainty, and demands for digital traceability, conditions that may increase the
perceived relevance and strategic value of blockchain technologies [9,85,86].

Prior research in international business and supply chain management argues that
interaction with foreign buyers increases firms’ exposure to global standards, advanced
digital tools, and stricter governance mechanisms [84]. As a result, internationally oriented
firms may assign greater weight to technologies that enhance trust, reduce information
asymmetry, and support auditable transactions. In contrast, firms serving domestic cus-
tomers often rely more heavily on localized relationships and informal governance struc-
tures, potentially reducing the perceived urgency or value of adopting complex emerging
technologies such as blockchain [87].

From a configurational perspective, these contextual differences suggest that the eval-
uative relationships among AI familiarity, perceived benefits, perceived costs, and adoption
intention may not operate uniformly across firms. Firms with foreign customers, facing
heightened demands for transparency, traceability, and secure cross-border transactions, are
likely to interpret AI familiarity and blockchain-related perceptions through a global com-
petitiveness lens, amplifying the perceived performance-enhancing aspects of blockchain
and moderating cost sensitivities [88]. This context further strengthens perceived benefits,
such as improved supply chain visibility and reduced fraud in international trade, thereby
increasing responsiveness to benefit signals. Concurrently, experience with complex inter-
national logistics and regulatory environments may lead to a more nuanced assessment of
implementation costs, potentially moderating initial cost sensitivities as firms recognize
the long-term strategic value of blockchain.

Conversely, domestically oriented firms, often operating in less complex environments,
may weigh cost-related concerns more heavily and exhibit weaker responsiveness to benefit-
based motivations primarily emphasized in international transactions [9]. This suggests
that customer internationalization acts as a boundary condition, influencing the salience
and weighting of benefits and costs within the organizational evaluative system.

Accordingly, we propose the following:

H4. The structural relationships among AI familiarity, perceived benefits, perceived costs, and
adoption intention will differ depending on whether a firm’s primary customers are domestic
or foreign.

Figure 1 presents the research framework guiding this study. The model proposes that
firms’ familiarity with artificial intelligence (AI) enhances their perceptions of blockchain
technologies by increasing perceived benefits and reducing perceived costs. These two
perceptual factors function as evaluative pathways through which AI familiarity shapes
firms’ intentions to adopt blockchain.

Perceived benefits are expected to strengthen adoption intention, whereas perceived
costs weaken it. Importantly, the framework recognizes that the joint configuration of
benefits and costs, rather than each factor alone, shapes adoption patterns, allowing for
the examination of congruence and asymmetry effects through response surface analysis.
Finally, customer internationalization (domestic vs. foreign customers) is incorporated
as a contextual condition under which the strength and structure of these relationships
may vary.
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Figure 1. Structural Model of the Relationships among Key Variables.

4. Empirical Approach
4.1. Survey Instrument and Data Collection

To collect high-quality data efficiently, this study collaborated with Changsha Ranxing
Information Technology Company Limited, a professional research firm with substantial
experience in large-scale survey administration. Data were collected using the Wenjuanx-
ing mobile application, one of China’s most widely used platforms for distributing and
managing online questionnaires. The survey provider pre-screened respondents based on
the qualification criteria (i.e., SMEs with fewer than 500 employees and firms engaged in
e-commerce activities). Only eligible respondents were allowed to participate in the survey,
ensuring that the collected data represented the target population. While the screening
question in Figure 2 allowed for a broad interpretation of respondent roles (e.g., including
family members involved in the business), the survey did not collect more granular infor-
mation regarding whether respondents were owners, top managers, operational employees,
or family representatives. Consequently, the study cannot determine the exact proportion
of responses provided by formal managerial decision-makers versus family-associated
participants. This limitation should be considered when interpreting the findings at the
firm level, as some responses may reflect perceived organizational evaluations rather than
officially authorized strategic positions. Therefore, the results are more appropriately
interpreted as representing SME-associated organizational perceptions rather than fully
verified firm-level executive assessments. Future research should apply stricter respon-
dent qualification procedures and explicitly distinguish managerial roles to strengthen
organizational-level validity and generalizability.

Figure 2. Qualification Questions Used to Determine Survey Eligibility.

Using a non-probability sampling approach through a professional online panel plat-
form, 548 valid responses were retained after applying multiple data quality screening
procedures, including the exclusion of responses completed in less than 300 s as part of the
overall data quality screening procedure. Because respondent recruitment and invitation
procedures were managed directly by the panel provider, the exact number of survey invi-
tations distributed and the corresponding response rate were not available to the research
team. The survey instrument was developed by adapting validated items from previous
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literature. Measures capturing demographic attributes, firm size, firm age, and business
characteristics were derived from earlier instruments used in SME-focused studies [87,88].
Items measuring perceived benefits of blockchain adoption were adapted from [89,90].
Measures assessing perceived costs or risks associated with blockchain implementation
drew from prior research [55,91,92]. Adoption intention items followed the scale used
by [33], originally based on [92]. All constructs employed a 7-point Likert-type response
format. To ensure data quality, qualification screening was implemented by the survey
provider prior to participation (Figure 2).

To ensure linguistic consistency and cultural suitability, the questionnaire was initially
prepared in English and subsequently translated into Mandarin Chinese. The translated
survey was evaluated by two native Mandarin-speaking academics with doctoral training
in Western institutions. A back-translation procedure was then employed to confirm
conceptual alignment and reduce potential semantic inconsistencies between the original
and translated versions. This multi-stage translation approach helped strengthen the
validity and clarity of the measurement instrument in the Chinese context. Prior to the
main data collection, a pilot study involving 14 participants was conducted to evaluate the
clarity, readability, and overall comprehensibility of the survey items, as well as to estimate
completion time. Feedback from the pilot participants led to several minor refinements in
wording and phrasing, improving the accessibility and contextual appropriateness of the
final questionnaire, following established methodological recommendations [93,94].

4.2. Construct Measurement

All constructs were measured using multi-item scales adapted from established prior
literature. Respondents rated each item using a seven-point Likert scale ranging from
1 (“strongly disagree”) to 7 (“strongly agree”). Familiarity with AI was assessed with
four items capturing the firm’s exposure to, awareness of, and routine use of artificial
intelligence in its business operations. Consistent with the operational focus of the present
study, the scale reflects practical technological exposure and general organizational experi-
ence with AI-related tools rather than deep AI capability or advanced organizational AI
maturity as conceptualized in broader digital capability frameworks such as Mikalef and
Gupta [60]. Perceived risks (or costs) of blockchain adoption were measured using four
items reflecting concerns related to technical skills, data security, data storage, and vendor-
associated vulnerabilities. Perceived benefits of blockchain adoption were captured with
four items evaluating improvements in transparency, efficiency, security, and supply-chain
accountability. Intention to adopt blockchain technologies was assessed using five items
indicating firms’ willingness, future plans, and strategic prioritization of blockchain usage.
All measurement items used in this study are provided in Appendix A.

4.3. Descriptive Statistics and Measurement Validation

Table 1 summarizes the demographic and organizational characteristics of the
548 e-commerce SMEs included in this study. Approximately half of the firms are medium-
sized (53.28%), while the remaining 46.72% are small enterprises, indicating a balanced
representation across SME categories.

Regarding the types of products and services sold online, the largest share of firms
operate in clothing (31.20%) and household goods (28.83%), followed by technology-related
items (18.25%) and B2B transactions (18.61%). Service-oriented e-commerce businesses
such as banking or hospitality constitute a smaller proportion of the sample (3.10%). This
suggests that blockchain adoption may be evaluated across a diverse range of e-commerce
sectors rather than being concentrated in a single vertical.
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Table 1. Sample Characteristics.

Variable Category n %

Company Size Small (<49) 256 46.72%
Medium (50–500) 292 53.28%

Goods/Services Sold Online B2B 102 18.61%
Household Goods 158 28.83%

Clothing 171 31.20%
Technology Items 100 18.25%

Services (Banking, Hospitality/Tourism) 17 3.10%
Customer Base Domestic 181 33.03%

Foreign 367 66.97%
Supplier Base Domestic 186 33.94%

Foreign 362 66.06%
Years in Business 1–5 Years 186 33.94%

6–10 Years 213 38.87%
>10 Years 149 27.19%

City Tier First-tier City 54 9.85%
Second-tier City 282 51.46%

Third/Fourth-tier City 160 29.20%
Township/Rural 52 9.49%

In terms of market orientation, two-thirds of the firms primarily serve foreign cus-
tomers (66.97%), while one-third operate domestically (33.03%). A similar distribution is
observed for supplier bases, with 66.06% sourcing from foreign suppliers and 33.94% from
domestic suppliers. This indicates that international supply chain involvement is highly
prevalent among e-commerce SMEs in the sample, providing a meaningful context for
examining differences in blockchain adoption across global vs. domestic supply chains.

Firm maturity is also well distributed: 33.94% have been in business for 1–5 years,
38.87% for 6–10 years, and 27.19% for more than ten years. This variation ensures suffi-
cient heterogeneity in organizational experience that may influence technology adoption
behaviors. Finally, more than half of the firms (51.46%) are located in second-tier cities,
followed by third-/fourth-tier cities (29.20%), while smaller proportions are located in
first-tier cities (9.85%) and township/rural areas (9.49%). This distribution reflects the
geographic dispersion of China’s e-commerce ecosystem beyond major metropolitan hubs.

Overall, the descriptive statistics suggest a diverse and representative sample of Chi-
nese e-commerce SMEs, suitable for analyzing how AI familiarity, perceived benefits, and
perceived risks jointly influence blockchain adoption intentions across varying organiza-
tional and market conditions.

4.4. Empirical Results

Table 2 reports the results of the reliability and convergent validity assessment for
all latent constructs in the measurement model. All constructs demonstrate excellent
internal consistency, with Cronbach’s alpha values ranging from 0.85 to 0.96, well above
the commonly accepted threshold of 0.70. The Composite Reliability (CR) values also
exceed 0.70 for every construct, confirming the stability and internal coherence of the
measurement items.

In addition, all constructs exhibit strong convergent validity. The Average Variance Ex-
tracted (AVE) values range between 0.59 and 0.82, surpassing the recommended minimum
value of 0.50 [95]. This indicates that each construct successfully captures a substantial
proportion of variance from its measurement items. Overall, the results confirm that
the measurement scales used in this study demonstrate robust reliability and convergent
validity, supporting their suitability for use in subsequent structural model analyses.
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Table 2. Reliability & Convergent Validity.

Construct # of Items Loading Range Cronbach’s α Composite Reliability (CR) AVE

AI Familiarity 4 0.798–0.816 0.884 0.884 0.656
Perceived Costs 4 0.892–0.904 0.942 0.942 0.803
Perceived Benefits 4 0.754–0.794 0.853 0.854 0.594
Adoption
Intention 5 0.898–0.906 0.956 0.956 0.815

Notes: # = number of measurement items.

Table 3 presents the Heterotrait–Monotrait (HTMT) ratios used to assess discriminant
validity among the four latent constructs: AI Familiarity, Perceived Costs, Perceived
Benefits, and Adoption Intention. All HTMT values fall between 0.57 and 0.86, which
are below the conservative threshold of 0.85 and also below the more liberal criterion
of 0.90 [96].

Table 3. Discriminant Validity.

Construct (1) (2) (3) (4)

AI Familiarity (1) — 0.617 0.576 0.678
Perceived Benefits (2) 0.617 — 0.763 0.865
Perceived Costs (3) 0.576 0.763 — 0.859
Adoption Intention (4) 0.678 0.865 0.859 —

Note. HTMT < 0.85 or 0.90 indicates discriminant validity is acceptable.

These results indicate that each construct is empirically distinct and captures a unique
conceptual domain. In particular, the correlations among constructs do not exceed prob-
lematic levels, implying that the survey items are not excessively overlapping. Therefore,
the HTMT analysis provides strong support for adequate discriminant validity within the
measurement model.

To assess the potential for common method bias, Harman’s single-factor test was
conducted. The results showed that the first factor accounted for less than 50% of the total
variance, suggesting that common method bias is unlikely to be a serious concern in this
study. A single-factor CFA model was estimated to further assess the potential for common
method bias. The single-factor model demonstrated poor fit to the data (CFI = 0.836,
TLI = 0.812, RMSEA = 0.146, SRMR = 0.080), indicating that common method bias is unlikely
to seriously affect the results. In addition, the use of established measurement scales and
the assurance of respondent anonymity further reduce the likelihood of systematic bias.

AI familiarity constitutes a critical dimension of organizational digital readiness, re-
flecting firms’ accumulated experience with advanced data-driven technologies and their
capability to understand, evaluate, and apply new digital tools. Organizations that have
previously engaged with AI tend to develop stronger technological literacy, enhanced
analytical competencies, and more accurate assessments of innovation-related benefits
and risks [12]. In this context, AI familiarity functions as a foundational cognitive re-
source that shapes how firms interpret the strategic value and operational implications of
blockchain technologies.

The results of the measurement and structural model reported in Table 4 empirically
validate this conceptualization. AI familiarity exhibits a strong positive influence on per-
ceived benefits of blockchain (β = 0.666, p < 0.001), indicating that organizations with more
extensive familiarity with AI are better positioned to appreciate blockchain’s advantages,
including enhanced transparency, traceability, and coordination efficiency. Such firms
tend to approach novel technologies with an innovation-oriented mindset, interpreting
blockchain through a lens enriched by prior exposure to complex digital systems. Con-
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versely, AI familiarity shows a significant negative effect on perceived costs (β = −0.624,
p < 0.001), suggesting that technologically competent firms perceive lower implementation
burdens, reduced uncertainty, and fewer integration challenges. This pattern reflects the
logic that prior technological experience reduces cognitive and operational barriers to
adopting additional digital innovations, particularly those requiring sophisticated data
infrastructures and algorithmic understanding. AI familiarity also exerts a direct positive
effect on adoption intention (β = 0.137, p < 0.001), though its magnitude is smaller than the
indirect pathways. This suggests that digitally prepared firms display a general openness
toward innovation, increasing their likelihood of adopting blockchain even after accounting
for detailed cost–benefit judgments. Together, these findings support H1a–H1c, confirming
that AI familiarity enhances firms’ perceptions of blockchain’s value, reduces perceived bar-
riers, and strengthens overall adoption intention. Viewed from an evaluative perspective,
AI familiarity acts as an input that systematically shifts the internal benefit–cost evaluative
system toward more favorable adoption judgments.

Table 4. Standardized Path Coefficients.

Path Estimate Std. Error z-Value p-Value Std. Effect

AI → Benefits 0.893 0.065 13.801 <0.001 0.666
AI → Costs −0.798 0.063 −12.588 <0.001 −0.624
AI → Adoption Intention 0.346 0.093 3.707 <0.001 0.137
Benefits → Adoption Intention 0.824 0.094 8.780 <0.001 0.439
Costs → Adoption Intention −1.026 0.125 −8.190 <0.001 −0.521

Notes: Model fit indices indicate acceptable-to-excellent fit: χ2(114) = 340.564, CFI = 0.973, TLI = 0.968, RM-
SEA = 0.060 (90% CI: 0.053–0.068), SRMR = 0.099. Robust corrections yield similar results (Robust CFI = 0.974,
Robust RMSEA = 0.059), supporting the adequacy of the proposed SEM model. The SEM analyses were estimated
using robust maximum likelihood estimation (MLR).

Beyond the role of digital readiness, the results further corroborate the importance of
firms’ perceptual evaluations in shaping their behavioral intentions regarding blockchain
adoption. Consistent with core assumptions in the Technology Acceptance Model and
Innovation Diffusion Theory, the SEM estimates indicate that perceived benefits strongly
and positively influence adoption intention (β = 0.439, p < 0.001). Organizations that expect
blockchain to deliver operational improvements or create strategic advantages are sub-
stantially more willing to adopt the technology. Conversely, perceived costs demonstrate
a significant negative effect on adoption intention (β = −0.521, p < 0.001), highlighting
that concerns about resource requirements, technical complexity, and implementation
risks dampen willingness to adopt blockchain—a dynamic especially salient for resource-
constrained SMEs. These results support H2a–H2b and reaffirm the centrality of cost–
benefit cognition in organizational technology adoption. In other words, adoption intention
reflects how the evaluative system integrates positive and negative appraisals into a coher-
ent decision outcome.

Importantly, AI familiarity also exerts significant indirect effects on adoption intention
through both perceived benefits and perceived costs. The indirect effect through perceived
benefits (0.666 × 0.439 = 0.292) and through perceived costs (−0.624 × −0.521 = 0.325)
jointly constitute a total indirect effect of 0.617, which substantially exceeds the direct effect
(0.137). This pattern supports H2c and indicates that the evaluative pathway constitutes the
primary mechanism through which AI familiarity influences blockchain adoption intention.
Firms familiar with AI not only recognize more favorable benefit structures but also
discount perceived risks, and these evaluative shifts significantly elevate their intention
to adopt blockchain. This mediation pattern highlights that AI familiarity contributes
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to adoption decisions both directly, by fostering a general innovation orientation, and
indirectly, by shaping the perceptual framework through which blockchain is evaluated.

The SEM and multi-group SEM analyses were estimated using robust maximum
likelihood estimation (MLR) in the lavaan package. All skewness and kurtosis values
were within acceptable ranges (maximum absolute skewness = 0.141; maximum absolute
kurtosis = 1.337), indicating no severe departures from normality. The overall adequacy of
the proposed model is supported by the model fit indices reported in Table 4. The structural
model demonstrates excellent incremental fit (CFI = 0.973; TLI = 0.968) and acceptable
absolute fit (RMSEA = 0.060; SRMR = 0.099), indicating that the hypothesized relationships
provide a coherent representation of the data. Although the SRMR value is slightly above
the conventional 0.08 guideline suggested by Hu and Bentler [97], previous methodological
research has suggested that SRMR values below 0.10 may still indicate acceptable fit
in relatively complex SEM models with multiple latent constructs and indicators [98].
Although the chi-square statistic is significant, this is expected given the sample size. The
combination of robust CFI/TLI values and acceptable RMSEA benchmarks confirms that
the theoretical model aligns well with observed patterns in firms’ technological evaluations
and adoption intentions.

Taken together, the findings provide consistent empirical evidence that digital readi-
ness, operationalized through AI familiarity, plays an important role in shaping how firms
evaluate and intend to adopt blockchain technologies. AI familiarity enhances benefit
perceptions, reduces perceived barriers, and increases adoption intention both directly and
indirectly. Alongside this, firms’ evaluations of benefits and costs function as core deter-
minants of adoption behavior, reinforcing established theoretical models of technological
decision-making within organizational contexts.

Table 5 presents the result of response surface analysis examining the configurational
effects of perceived benefits and costs on blockchain adoption intention. Consistent with
H3a, the linear additive effect along the line of congruence (LOC), where perceived benefits
equal perceived costs, was positive and significant (a1 = 0.248, p = 0.037). This indicates that
when firms perceive benefits and costs to rise together at similar magnitudes, their intention
to adopt blockchain also increases, suggesting that congruent and mutually reinforcing
evaluations strengthen adoption willingness. However, contrary to H3b, there was no
evidence of significant curvature along the LOC (a2 = −0.119, p = 0.261), indicating that the
adoption intention does not follow a U-shaped or inverted-U pattern when benefits and
costs increase in tandem.

In support of H3c, the ridge of the response surface significantly deviated from the
LOC (a3 = 1.175, p < 0.001), demonstrating that the optimal condition for adoption intention
occurs not when benefits and costs are balanced, but when perceived benefits exceed
perceived costs. This deviation highlights that firms prioritize value-enhancing attributes
of blockchain more strongly than they are deterred by associated implementation burdens.
In contrast, the predicted curvature along the line of incongruence (LOIC), where benefits
and costs differ, was not statistically significant (a4 = 0.027, p = 0.270), providing no support
for H3d. This suggests that adoption intention does not vary in a curvilinear pattern as
the discrepancy between benefits and costs widens. Instead, the results underline that it
is the specific configuration of benefits and costs, rather than their simple difference, that
governs the behavior of the evaluative system.

Finally, consistent with H3e, the results reveal a clear asymmetry in the relative influ-
ence of benefits and costs on adoption intention. The positive effect of perceived benefits
(b1 = 0.712, p < 0.001) was substantially stronger than the negative effect of perceived costs
(b2 = −0.463, p < 0.001), indicating that firms weigh potential advantages of blockchain
more heavily than potential drawbacks. This asymmetry demonstrates that optimism re-
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garding blockchain’s value plays a more dominant role in shaping organizational adoption
decisions than concerns about cost or risk. Taken together, the RSA findings highlight
that while congruent increases in benefits and costs promote adoption intention, the most
favorable conditions arise when firms perceive benefits to substantially outweigh costs.
This pattern underscores that blockchain adoption emerges from particular benefit–cost
configurations within the organizational evaluative system, rather than from isolated
main effects.

Table 5. RSA Results.

(A) RSA Full Polynomial Regression Coefficients.

Parameter Label Estimate SE CI (Lower) CI (Upper) Beta p-Value Sig.

Intercept b0 0.243 0.065 0.116 0.369 0.133 <0.001 ***
BEN_c b1 0.712 0.073 0.568 0.856 0.447 <0.001 ***
COST_c b2 −0.463 0.048 −0.558 −0.369 −0.455 <0.001 ***
BEN_c2 b3 0.105 0.046 0.014 0.195 0.084 0.024 *
BEN_c × COST_c b4 −0.073 0.054 −0.178 0.032 −0.068 0.171 n.s.
COST_c2 b5 −0.151 0.021 −0.192 −0.109 −0.180 <0.001 ***

(B) Surface Test Results.

Test Label Estimate SE CI (Lower) CI (Upper) p-Value Sig.

a1: Linear effect on LOC a1 0.248 0.119 0.015 0.482 0.037 *
a2: Curvature on LOC a2 –0.119 0.106 −0.327 0.089 0.261 n.s.
a3: Ridge shift from LOC a3 1.175 0.035 1.106 1.244 <0.001 ***
a4: Curvature on LOIC a4 0.027 0.025 −0.021 0.076 0.270 n.s.
a5: Asymmetry effect a5 0.255 0.046 0.165 0.345 <0.001 ***

Notes: SE = Standard Error; CI = Confidence Interval; LOC = Line of Congruence; LOIC = Line of Incongruence.
p-values are two-tailed. *** p < 0.001; ** p < 0.01; * p < 0.05; n.s. = not significant.

Figure 3 illustrates the joint effects of perceived benefits (BEN_c) and perceived costs
(COST_c) on blockchain adoption intention (INT_c). The color gradient on the surface
represents the level of adoption intention, with darker blue indicating lower values and
lighter blue indicating higher values. The surface rises sharply as perceived benefits
increase, confirming their strong positive influence, while higher perceived costs reduce
adoption intention, producing the downward slope along the COST_c axis. The ridge of
the surface shifts away from the line of congruence (BEN = COST), indicating that the
highest adoption intention occurs when benefits exceed costs. The surface also displays
clear asymmetry: increases in benefits have a stronger positive effect than the negative
effect of increasing costs, visually supporting the asymmetry hypothesis. Overall, the plot
corroborates the RSA findings that benefit–cost configurations meaningfully shape firms’
adoption intentions.

To assess whether customer internationalization moderates the structural relation-
ships among AI familiarity, perceived benefits, perceived costs, and adoption intention,
a multi-group SEM analysis was conducted (Table 6). Panel A shows that the standard-
ized structural coefficients were broadly similar across foreign- and domestic-oriented
firms. AI familiarity positively influenced perceived benefits in both foreign-oriented firms
(β = 0.589) and domestic-oriented firms (β = 0.618), while negatively influencing perceived
costs in both groups (β = −0.427 and β = −0.616, respectively). Likewise, perceived benefits
positively predicted blockchain adoption intention, whereas perceived costs negatively
predicted adoption intention across both groups. These findings suggest that the structural
relationships are broadly comparable across customer segments.
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Figure 3. Response Surface Interpretation. Note: The color gradient represents the level of blockchain
adoption intention (INT_c).

Table 6. Multi-Group SEM: Structural Path Comparison (Foreign vs. Domestic Firms).

(A) Standardized Path Coefficients (Foreign & Domestic).

Path Foreign (Std.) Domestic (Std.)

AI → Benefits 0.589 0.618
AI → Costs −0.427 −0.616
Benefits → Intention 0.542 0.482
Costs → Intention −0.483 −0.449
AI → Intention 0.126 0.107

(B) Structural Invariance Test.

Invariance Type Chi-Square Diff p-Value Conclusion

Regressions 8.149 0.148 Invariant

Panel B reports the chi-square difference test comparing the unconstrained and con-
strained multi-group SEM models. The test was not statistically significant (∆χ2 = 8.149,
p = 0.148), indicating that constraining the structural paths to be equal across groups did
not significantly worsen model fit. Therefore, customer internationalization does not sig-
nificantly moderate the structural relationships among AI familiarity, perceived benefits,
perceived costs, and blockchain adoption intention, and H4 is not supported. This finding
suggests that the evaluative mechanisms underlying blockchain adoption remain relatively
stable across domestic- and foreign-oriented SMEs.

5. Discussion
5.1. Interpretation of Findings

The findings of this study refine current understandings of how e-commerce SMEs
evaluate and decide to adopt blockchain technologies by conceptualizing adoption as the
outcome of an internal evaluative system rather than a reaction to isolated technological
attributes. The results show that firms’ prior familiarity with AI meaningfully shapes
their cognitive assessments of blockchain. This form of digital readiness functions as a
conditioning input within the organizational decision system, influencing how subsequent
technological signals are interpreted and weighted. Firms accustomed to working with AI
appear more capable of framing blockchain not as a disruptive threat but as an extension of
their existing digital trajectory. Thus, readiness for advanced technologies is grounded not
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only in infrastructure or formal capability, but also in accumulated experiential knowledge
that restructures how new innovations are cognitively processed.

The analyses further demonstrate that blockchain adoption emerges from the integra-
tion of perceived benefits and perceived costs within this evaluative system. Consistent
with established technology adoption theories, benefits increase adoption intention while
costs diminish it. However, the configurational assessment captured through response
surface analysis reveals that adoption cannot be fully explained through independent linear
effects. Instead, adoption intention is governed by the specific configuration of benefit–cost
perceptions. The response surface analysis reveals three key patterns. First, adoption inten-
tions increase linearly along the line of congruence, indicating that balanced evaluations
promote adoption even when benefits and costs are equivalent. Second, the ridge of the
response surface deviates from congruence, signaling that the optimal condition arises
when perceived benefits exceed perceived costs. Third, benefits exert a stronger influence
than costs, revealing asymmetric weighting within the decision system. Importantly, the
absence of significant curvature effects along both the line of congruence (H3b) and the
line of incongruence (H3d) provides additional theoretical insight. Rather than exhibiting
threshold dynamics or saturation points along the aggregated line of congruence, the
evaluative system appears to operate through broadly linear integration and asymmetric
weighting (H3e). However, the significant quadratic coefficients for perceived benefits (b3)
and perceived costs (b5) indicate that the individual evaluative dimensions still contain
nonlinear tendencies. The non-significant curvature along the line of congruence (a2) there-
fore reflects the partial offsetting of these opposing quadratic components at the aggregate
level, producing an overall pattern that appears approximately linear when benefits and
costs increase together. This pattern suggests that firms process benefit–cost configurations
proportionally rather than through complex nonlinear thresholds, clarifying the computa-
tional structure of organizational decision-making in blockchain adoption contexts. This
linear processing, even under uncertainty, indicates a pragmatic, opportunity-oriented
evaluation logic in which strategic gains are prioritized over anticipated burdens through
systematic integration. From a systems perspective, the decision outcome reflects how
the evaluative structure organizes and integrates competing appraisals into a coherent
adoption judgment.

The rejection of H3b and H3d warrants further discussion. We hypothesized curva-
ture effects based on the expectation that threshold dynamics or saturation points might
emerge when benefits and costs increase congruently or diverge. The absence of these
patterns points to several possibilities. First, SMEs may rely on relatively simple, more
linear evaluation heuristics under resource constraints, without engaging in more complex
nonlinear processing of benefit–cost information. Second, blockchain’s dual nature (high
perceived benefits and high perceived costs) may be sufficiently salient within the observed
range that saturation effects do not arise in practice. Third, methodological factors—such as
measurement granularity or sample size—may limit the ability to detect subtle curvature.
Future research should examine these possibilities using larger samples and finer-grained
perceptual measures to determine whether the linear pattern we observe reflects a genuine
evaluative tendency or design constraints.

From a systems perspective, these configurational findings raise an important question:
does the evaluative architecture remain stable across different organizational contexts, or do
external market conditions fundamentally reconfigure how benefits and costs are processed?
The multigroup SEM results provide insight into this structural robustness. Although firms
serving foreign customers operate under different regulatory and competitive pressures, the
standardized structural relationships among AI familiarity, perceived benefits, perceived
costs, and adoption intention remain invariant. This indicates a high degree of structural
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stability in the underlying decision system. The non-significant chi-square difference
suggests no substantive divergence in the evaluative mechanisms across groups. In practical
terms, customer internationalization does not reconfigure the internal cognitive architecture
through which blockchain is assessed; instead, firms across market orientations appear to
rely on a similar benefit–cost integration logic.

Several factors may help explain why H4 was not supported. First, the shared insti-
tutional context of China’s platform-driven e-commerce ecosystem may impose similar
digital and governance pressures on both domestic- and foreign-oriented firms, which
could reduce the salience of customer internationalization as a differentiating condi-
tion. Second, the domestic subsample (n = 181) is smaller than the foreign subsample
(n = 367), which may have reduced the statistical sensitivity of the multi-group SEM to
detect subtle differences in structural paths. Although the overall sample size was sufficient
to detect moderate-to-large group differences in structural relationships, smaller contextual
variations between domestic- and foreign-oriented firms may have remained undetected.
Accordingly, the non-significant moderation result for H4 should be interpreted cautiously,
particularly with respect to potentially small effect-size differences across groups. Third, it
is plausible that some “domestic-oriented” firms in our sample still engage in occasional or
informal cross-border transactions, blurring the distinction between the two groups. Future
research should therefore examine this moderation in more institutionally diverse contexts
and with more granular measures of internationalization intensity.

Overall, the findings suggest that blockchain adoption among e-commerce SMEs is
shaped more decisively by internal digital readiness and evaluative configuration than by
external market positioning. AI familiarity restructures how technological signals are inter-
preted, and adoption intention ultimately reflects the patterned integration of perceived
advantages and burdens within a structurally stable organizational decision system.

5.2. Theoretical Contributions

This study advances the literature on digital innovation and blockchain adoption by re-
framing technology adoption as the outcome of an organizational evaluative system rather
than as the product of isolated perceptual drivers. While prior research has frequently
applied the Technology Acceptance Model (TAM) or Innovation Diffusion Theory (IDT)
independently, often emphasizing discrete constructs such as perceived usefulness or com-
plexity, our study extends these foundational theories. We move beyond their traditional
linear, individual-level focus by demonstrating that blockchain adoption emerges from a
structured dual-path evaluation process where perceived benefits and perceived costs are
processed in parallel and interactively within an organizational decision architecture. This
reconceptualization offers a novel theoretical mechanism by showing how TAM and IDT’s
core constructs are not merely aggregated but dynamically integrated within a systemic
evaluative framework, providing a more holistic understanding of technology adoption in
complex organizational settings.

The study further contributes to theorizing on digital readiness by specifying AI famil-
iarity as a concrete mechanism that conditions the internal functioning of this evaluative
system. Unlike much of the existing literature that treats readiness as a broad organizational
capability or a static infrastructural attribute, our findings reveal that AI familiarity actively
restructures the evaluative logic itself. It influences not only direct adoption intention but,
more critically, the internal appraisal and weighting of perceived benefits and costs, thereby
offering a more granular and process-oriented understanding of how digital readiness op-
erates. This perspective clarifies digital transformation as a cumulative cognitive trajectory,
where prior exposure to advanced technologies recalibrates the organization’s decision
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architecture for subsequent innovations, highlighting a novel theoretical mechanism for
how readiness impacts adoption.

A third significant contribution arises from the configurational analysis of benefit–cost
perceptions. By employing response surface analysis, this study demonstrates that adop-
tion intention is governed not merely by the magnitude of benefits and costs but by their
specific configuration and interplay within the evaluative system. The findings reveal novel
configurational patterns, including both asymmetry (benefits exert a stronger influence
than costs) and ridge deviation (optimal adoption occurs when perceived benefits exceed
perceived costs), which extend existing fit and discrepancy theories. We show that it is
not just about a general ‘fit’ but the *nature* of that fit and the *asymmetric weighting* of
competing evaluations that drives adoption outcomes. Furthermore, the absence of signifi-
cant curvature effects along both the line of congruence (H3b) and the line of incongruence
(H3d) provides crucial theoretical insight. This suggests that rather than exhibiting complex
nonlinear thresholds or saturation points, the evaluative system operates through propor-
tional linear integration and asymmetric weighting (H3e). This clarifies the computational
structure of organizational decision-making in blockchain adoption contexts, indicating
that firms process benefit–cost configurations in a more pragmatic, linear fashion, even
under uncertainty. This extends fit and discrepancy theories by showing that equilibrium is
not necessarily optimal; rather, positive dominance within the configuration drives stronger
adoption outcomes, highlighting that technological decisions are structurally patterned
phenomena shaped by how competing evaluations are integrated within a bounded system.

Finally, the multigroup analysis contributes to theory by demonstrating structural
stability of the evaluative mechanisms across different market orientations. This study
identifies customer internationalization as a crucial boundary condition. Although firms
serving foreign customers operate under distinct institutional and competitive conditions,
our findings reveal that the standardized structural relationships among AI familiarity,
benefit–cost perceptions, and adoption intention remain invariant. This invariance is a
novel theoretical insight, suggesting that the internal logic of the organizational decision
system is remarkably robust across contextual variations. Rather than fundamentally
altering the core evaluative structure, customer internationalization may exert its influence
through other pathways, such as heightened exposure intensity to blockchain or specific
institutional incentives. By identifying this structural stability, the study delineates the
boundary conditions under which blockchain adoption mechanisms operate consistently,
providing a more nuanced understanding of context’s role.

Taken together, these contributions advance technology adoption theory beyond linear
attitudinal models toward a configurational understanding of how organizations inte-
grate digital readiness, competing evaluations, and contextual conditions into structured
adoption judgments.

5.3. Practical Implications

The findings of this study provide important implications for managers, policymak-
ers, and ecosystem actors seeking to facilitate blockchain adoption among e-commerce
SMEs. Most fundamentally, the results suggest that technological adoption is not triggered
solely by external incentives or financial subsidies but by the internal calibration of the
organizational evaluative system. AI familiarity significantly shifts how firms interpret
both the benefits and the costs of blockchain. For managers, this implies that building
digital readiness should be understood as a cumulative learning process that reshapes the
firm’s internal decision architecture. Integrating AI tools into routine operations, analyt-
ics, and workflow systems does more than improve performance; it gradually conditions
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the organization to evaluate subsequent digital innovations with greater confidence and
reduced perceived uncertainty.

For Chinese e-commerce SME managers, our findings suggest several concrete actions
over the short to medium term. First, managers can deliberately build AI familiarity by
piloting a small set of AI tools (e.g., customer service chatbots, demand-forecasting or
recommendation systems) in routine operations, and by documenting lessons learned
across departments. Second, they can design focused blockchain proof-of-concept projects
on one or two product lines where traceability and trust are most critical, such as higher-
value or export-oriented items, to make perceived benefits visible to internal and external
stakeholders. Third, rather than attempting to implement blockchain in isolation, SMEs
can reduce perceived costs by partnering with logistics providers, platform operators,
or industry associations that provide shared technical infrastructures and standardized
protocols. These steps directly enhance digital readiness, amplify perceived benefits,
and mitigate perceived implementation burdens, thereby strengthening the evaluative
conditions under which blockchain adoption becomes viable for SMEs.

For policymakers, the results suggest that support programs should not only subsidize
blockchain infrastructure but also invest in building SMEs’ AI-related digital readiness,
for example through targeted training, shared service platforms, and pilot projects in e-
commerce clusters outside major metropolitan areas. Such initiatives can strengthen both
the perceived benefits of blockchain and the evaluative capacity needed for SMEs to adopt
it in a sustainable way.

The strong influence of perceived benefits on adoption intention indicates that man-
agers and technology providers must actively shape the benefit signals entering the eval-
uative system. SMEs appear particularly responsive to value-based narratives tied to
transparency, traceability, fraud reduction, and cross-border coordination. Rather than pre-
senting blockchain as a technically sophisticated solution, practitioners should emphasize
concrete operational gains through pilot projects, simulations, and demonstrable efficiency
improvements. When performance-enhancing attributes are clearly visible, the internal
evaluation process becomes more favorable, increasing the likelihood of adoption.

At the same time, perceived costs continue to act as a constraining force within the
evaluative structure. Concerns related to integration complexity, data security, and imple-
mentation risk weaken adoption intention even when benefits are recognized. Policymakers
therefore should move beyond simple financial incentives and focus on reducing struc-
tural uncertainty. Establishing shared technical infrastructures, standardized compliance
guidelines, and collaborative knowledge networks can lower the cognitive and operational
burdens associated with blockchain. By stabilizing the cost dimension of the evaluation
process, such initiatives help prevent risk perceptions from dominating adoption judgments.

The response surface findings further suggest that adoption is governed by the config-
uration of benefits and costs rather than by isolated changes in either dimension. Effective
intervention strategies should therefore pursue dual calibration: simultaneously ampli-
fying visible benefits while containing perceived costs. Programs that combine demon-
stration effects with capability-building support are likely to generate stronger adoption
momentum than initiatives addressing only one side of the evaluation. The observed
asymmetry—where benefits exert a stronger influence than costs—also implies that high-
lighting value creation may produce greater behavioral impact than focusing solely on
risk mitigation.

Finally, the structural stability observed across domestic and internationally oriented
firms offers an important practical insight. Because the underlying evaluative mechanisms
remain consistent across market contexts, policies and managerial interventions designed to
strengthen digital readiness and recalibrate benefit–cost perceptions can be applied broadly
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across SME segments. While firms serving foreign markets may experience stronger
external pressure to modernize, the internal logic governing adoption decisions appears
robust and transferable. This stability suggests that scalable digital capacity-building
programs can be implemented without extensive segmentation by customer orientation.

In practical terms, our results suggest that accelerating blockchain diffusion among
SMEs requires shaping organizational evaluative processes rather than relying on one-
off technological promotion. Sustainable adoption is more likely when digital readiness,
perceived value, and perceived burden are managed as interdependent elements within a
coherent decision system.

5.4. Limitations and Future Research

Although this study provides new insights into blockchain adoption among e-
commerce SMEs, several limitations suggest promising directions for future research.

First, the empirical analysis relies on cross-sectional survey data, which restricts the
ability to capture the dynamic evolution of firms’ evaluative systems over time. Technology
adoption is rarely static; as blockchain infrastructures mature and implementation experi-
ences accumulate, organizations may recalibrate how they weight perceived benefits and
costs. Longitudinal or panel-based designs could examine how digital readiness reshapes
decision architectures across different stages of technological diffusion. Such research
would enable a more process-oriented understanding of how evaluative systems evolve
under conditions of technological uncertainty.

Second, AI familiarity was conceptualized as a key dimension of digital readiness, yet
digital readiness is inherently multidimensional. Factors such as organizational learning
culture, IT governance arrangements, knowledge integration routines, or prior exposure to
adjacent digital innovations may also influence how benefit–cost evaluations are structured.
Future studies could develop a more comprehensive system-level model of digital readiness,
examining how multiple readiness components jointly condition evaluative mechanisms
rather than operating independently.

Third, the study focuses on Chinese e-commerce SMEs, a context characterized by
advanced platform ecosystems and rapid digitalization. While this environment provides a
fertile setting for examining emerging technologies, institutional, regulatory, and infrastruc-
tural differences across countries may alter how organizations configure perceived benefits
and costs. Comparative cross-national research could test whether the structural patterns
identified here—particularly asymmetry and ridge deviation—remain stable across diverse
technological ecosystems. Such investigations would clarify the contextual robustness of
organizational evaluative systems in digital transformation.

Fourth, although response surface analysis revealed meaningful configurational effects,
the study concentrated on perceived benefits and perceived costs as the core evaluative
dimensions. While our findings indicate that these dimensions operate through linear
integration and asymmetric weighting rather than complex curvature patterns, blockchain
adoption may also involve additional layers of assessment, including ecosystem trust, reg-
ulatory legitimacy, interoperability requirements, and concerns regarding data governance
or sovereignty. Future research could expand the evaluative configuration by incorporating
these dimensions, examining whether more complex multidimensional systems exhibit the
nonlinear threshold effects that were not observed in the dual-path benefit–cost structure.

Finally, while the multigroup analysis demonstrated structural stability across cus-
tomer orientations, other contextual moderators may exert stronger influence on evaluative
mechanisms. Variables such as supply-chain complexity, cybersecurity exposure, digital
platform dependency, or firm-level digital maturity could reshape how readiness translates
into benefit–cost appraisals. Identifying such conditions would refine the boundary specifi-
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cations of adoption models and contribute to a more nuanced understanding of when and
how organizational decision systems vary across environments.

Taken together, these limitations point toward a broader research agenda that con-
ceptualizes digital innovation adoption as an evolving organizational evaluative system
shaped by readiness, contextual pressures, and multidimensional perception structures.
Advancing this perspective requires moving beyond static, single-context analyses toward
dynamic and comparative investigations of how organizations recalibrate their decision
architectures in increasingly complex digital systems.

6. Conclusions
This study conceptualized blockchain adoption among e-commerce SMEs as the out-

come of an organizational evaluative system shaped by AI-based digital readiness and
dual benefit–cost assessments. Using survey data from 548 Chinese e-commerce SMEs
and employing SEM, response surface analysis, and multi-group SEM, we demonstrated
that AI familiarity enhances perceived benefits, reduces perceived costs, and strengthens
adoption intention through both direct and indirect pathways. Response surface analysis
revealed asymmetric configurational patterns: benefits exert a stronger influence than
costs, and optimal adoption conditions arise when perceived benefits exceed perceived
costs. Despite differences in market orientation (domestic versus foreign customers), the
underlying evaluative mechanisms remain structurally stable across SME segments. These
findings suggest that blockchain adoption is better understood as an evaluative process con-
ditioned by digital readiness and benefit–cost configurations, offering actionable insights
for policymakers and managers seeking to accelerate blockchain diffusion among SMEs.
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The following abbreviations are used in this manuscript:

SMEs Small- and Medium-sized Enterprises
IT Information Technology
AI Artificial Intelligence
B2B Business-to-Business
RSA Response Surface Analysis
MG-SEM Multi-Group Structural Equation Modeling
TAM Technology Acceptance Model
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IDT Innovation Diffusion Theory
CR Composite Reliability
HTMT Heterotrait–Monotrait (ratio)
CFI Comparative Fit Index
TLI Tucker–Lewis Index
RMSEA Root Mean Square Error of Approximation
LOC Line of Congruence

Appendix A. Survey Instrument and Measurement Items
All constructs were measured using multi-item scales that were conceptually adapted

from established prior literature, with item wordings tailored to the context of blockchain
adoption by e-commerce SMEs. Respondents rated each item using a seven-point Likert
scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”).

Construct Code Measurement Item

AI Familiarity Q9
Our company considers AI technologies during business

discussions and planning.

Q10
Our company is familiar with AI technologies such as ChatGPT,

GPT-5.4 or DeepSeek-V3.2.
Q11 Our company sometimes uses AI for business purposes.
Q12 Using AI for tasks at our company is considered normal.

Perceived Costs of Blockchain
Adoption

Q13
Our company is concerned about having the knowledge and

skills required to adopt blockchain technology.

Q14
Our company is concerned about data security and

confidentiality risks associated with blockchain adoption.

Q15
Our company is concerned about the storage and management

of blockchain data.

Q16
Our company is concerned about security risks associated with

interactions with vendors that may have their own security
vulnerabilities.

Perceived Benefits of Blockchain
Adoption

Q17
The adoption of blockchain technology in our organization can
improve transparency in transactions and increase trust among

stakeholders.

Q18
The adoption of blockchain technology in our organization can
improve the speed and efficiency of transactions compared to

traditional methods.

Q19
The adoption of blockchain technology in our organization can

reduce the risk of data breaches and unauthorized access to
sensitive information.

Q20
The adoption of blockchain technology in our organization can

improve accountability and transparency in supply chains.

Intention to Adopt Blockchain Q21
Our company intends to use blockchain technology to solve

business problems if it proves effective.

Q22
Our company intends to use blockchain technology wherever

possible to address important organizational concerns.

Q23
Our company expects to use blockchain technology as part of

its business processes in the future.

Q24
Our company would adopt blockchain technology or a similar

system for future transactions.

Q25
The adoption of blockchain technology or a similar system is

important for the future success of our company.
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