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ABSTRACT
This study investigates themoderating role of blockchain traceability adoption in enhancing consumer engage‑

ment and purchase intention within live‑streaming agricultural e‑commerce platforms in China. Drawing upon the
Stimulus‑Organism‑Response (S‑O‑R) framework operationalized at the aggregate market level and information
asymmetry theory, this research employs longitudinal market‑level time‑series data spanning 2019 to 2024, uti‑
lizing hierarchical regression analysis with Hayes’s conditional process framework to examine main effects, medi‑
ation mechanisms, and moderation relationships. The empirical ϐindings reveal that platform development and
information transparency exert signiϐicant positive effects on market purchase behavior, with consumer engage‑
ment serving as a partial mediating mechanism transmitting these effects. The moderation analysis demonstrates
that blockchain traceability adoption signiϐicantly strengthens the relationships between platform stimuli and con‑
sumer engagement, with the information transparency pathway exhibiting substantially stronger moderation ef‑
fects than the platform development pathway, demonstrating that blockchain technology functions as a selective
trust‑enhancing mechanism that validates quality signals rather than operating as a general platform enhancer—
a distinction representing the central empirical contribution of this study. These ϐindings extend the traditional
S‑O‑R framework by incorporating technological infrastructure as a boundary condition shaping stimulus effective‑
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ness at the market level, while providing practical guidance for platform operators and policymakers to prioritize
blockchain traceability infrastructure investment in conjunctionwith transparency enhancement initiatives for pro‑
moting high‑quality development of agricultural live streaming e‑commerce.
Keywords: BlockchainTraceability; ConsumerEngagement; S‑O‑RFramework; InformationAsymmetry; Live Stream‑
ing E‑Commerce; Agricultural Products

1. Introduction
Due to the rapid development of the digital econ‑

omy, live streaming e‑commerce has become a crucial
component of the distribution of agricultural products
in China. In 2023, the industry accumulated 4.9 tril‑
lion yuan, and the number of agricultural live stream‑
ing users exceeded 597 million. In light of such a
new business mode, there is a growing body of studies
among scholars interested in live streaming e‑commerce
and agricultural product consumption behaviors, includ‑
ing studies about the effects of live streaming on pur‑
chase intentions of social commerce from the affor‑
dance view of information technology, where the promi‑
nent role of platform properties is emphasized, affect‑
ing the decision‑making of consumers [1]. On the other
hand, the agricultural supply chain, with the advantages
of blockchain technology, including its open and dis‑
tributed ledger structure, immutability, and traceability,
is also widely accepted and explored. Modeling of agri‑
cultural supply chain traceability in technology innova‑
tion with blockchain technology and other methods has
established necessary theoretical frameworks and mod‑
els, such as those that employ blockchain technology, al‑
lowing a clear view of the transformation of agricultural
product distribution systems caused by technological in‑
novation [2].

Despite the promising growth trajectory, live
streaming e‑commerce for agricultural products con‑
fronts signiϐicant information asymmetry challenges, as
consumers encounter substantial difϐiculties in accu‑
rately assessing product quality, freshness, and safety
within virtual environments, with such uncertainty con‑
stituting a critical barrier to purchase decision‑making.
Within information asymmetry theory, sellers must pro‑
vide credible signals to convey quality; blockchain trace‑
ability serves as a high‑ϐidelity signaling mechanism

that reduces the “lemons problem” in agricultural mar‑
kets by enabling veriϐiable quality claims. Research ex‑
amining live streaming commerce and consumer pur‑
chase intention through an uncertainty reduction per‑
spective demonstrates that multiple uncertainty factors
constrain consumer purchasing behavior in these digital
marketplaces [3], particularly when consumers cannot
physically examine products before purchase and conse‑
quently maintain cautious attitudes toward actual agri‑
cultural product quality. Blockchain traceability tech‑
nology has emerged as a potential solution to this trust
dilemma, and systematic literature review ϐindings in‑
dicate that blockchain technology can establish com‑
prehensive traceable records spanning from production
to consumption, thereby enhancing information trans‑
parency across all supply chain stages [4] and providing
consumers with veriϐiable product quality information.
Althoughblockchain traceability demonstrates consider‑
able application potential in the agricultural sector, em‑
pirical investigation of how this technology functions
within the speciϐic context of live streaming e‑commerce,
particularly regarding its inϐluence on the mechanisms
through which consumer engagement and purchase in‑
tention are formed, remains notably insufϐicient.

Existing research on consumer behavior in agri‑
cultural live streaming e‑commerce has predominantly
focused on emotional factors and streamer character‑
istics as primary explanatory variables. Studies have
established that consumer emotional experiences sig‑
niϐicantly inϐluence purchase decision‑making [5], while
streamer popularity affects consumer behavior through
consumption value mechanisms [6]. However, these
studies exhibit notable theoretical limitations. The pre‑
vailing focus on individual psychological and social in‑
teraction factors has largely overlooked the moderat‑
ing role of technological infrastructure on consumer
behavior, and the predominant reliance on individual‑
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level surveymethodologies constrains the capacity to re‑
veal market‑level dynamic patterns. Research on con‑
sumer trust dynamics in multichannel live streaming
e‑commerce suggests that trust mechanisms operate
through complex transmission pathways in digital en‑
vironments [7], and blockchain traceability technology,
functioning as an institutional trust mechanism, may
exert important moderating effects within this trans‑
mission process, representing a theoretical gap requir‑
ing systematic investigation. Furthermore, analysis
of consumer trusting beliefs toward e‑commerce plat‑
forms indicates that platform technological characteris‑
tics constitute important antecedent variables affecting
trust formation [8], providing additional support for in‑
corporating blockchain traceability into research frame‑
works examining consumer behavior in live streaming
e‑commerce. Conceptually, blockchain adoption func‑
tions as a boundary condition determining when plat‑
form stimuli achieve maximum effectiveness, explain‑
ing why identical stimuli may generate differential con‑
sumer responses depending on veriϐication infrastruc‑
ture availability.

Building upon this research background and iden‑
tiϐied theoretical gaps, the present study aims to in‑
vestigate the moderating role of blockchain traceability
in enhancing consumer engagement and purchase in‑
tention within live‑streaming agricultural e‑commerce
platforms. A distinctive feature of this investigation
involves operationalizing the S‑O‑R framework at the
aggregate market level, wherein platform development
and information transparency constitute environmen‑
tal stimuli (S), collective consumer engagement repre‑
sents the organismic state (O) as an aggregate proxy
for the market’s internal condition, and market pur‑
chase behavior reϐlects the behavioral response (R). The
investigation addresses three core research questions:
how do live streaming platform development and infor‑
mation transparency inϐluence market‑level consumer
engagement; how does consumer engagement subse‑
quently affect market purchase behavior; and how does
blockchain traceability adoption moderate these rela‑
tionships? This study employs monthly time‑series
data spanning from 2019 to 2024, utilizing publicly
available ofϐicial data sources including the China Inter‑

net Network Information Center, the Ministry of Com‑
merce, and the National Bureau of Statistics to con‑
struct a comprehensive analytical framework incorpo‑
rating main effects, mediation effects, and moderation
effects. The theoretical contribution lies in extending
the Stimulus‑Organism‑Responsemodel tomarket‑level
analysis while integrating blockchain technology as a
moderating variable, thereby offering a novel theoreti‑
cal perspective for understanding how technological in‑
novation reshapes agricultural e‑commerce ecosystems.
Themethodological contribution resides in the adoption
of fully publicly accessible ofϐicial statistical data, en‑
suring research replicability and data source reliability
while avoiding ethical review complications associated
with primary data collection. The practical contribu‑
tion consists of providing policymakers and platform op‑
erators with empirical evidence concerning blockchain
traceability infrastructure investment, offering decision‑
making references for promoting high‑quality develop‑
ment of agricultural live streaming e‑commerce, and sup‑
porting rural revitalization strategies through enhanced
digital agricultural marketing channels.

2. Literature Review

2.1. Theoretical Foundation

The Stimulus‑Organism‑Response (S‑O‑R) model,
originally developed within environmental psychology,
provides a robust theoretical foundation for under‑
standing consumer behavior in digital commerce en‑
vironments. Meta‑analytic research has validated the
applicability of this framework to digital marketplace
contexts, demonstrating that trust functions as a crit‑
ical organismic state mediating the relationship be‑
tween platform stimuli and consumer behavioral re‑
sponses [9]. Adapting this model to market‑level anal‑
ysis requires reconceptualizationwhereinmarket stim‑
uli encompass platform development and information
transparencymeasures, collective consumer states rep‑
resent engagement patterns, and behavioral responses
manifest as aggregate purchase behaviors. In the indi‑
vidual S‑O‑R model, “Organism” refers to internal psy‑
chological states; at themarket level, ConsumerEngage‑
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ment serves as the aggregate proxy representing the col‑
lective pulse of the consumer base through observable
participation metrics.

Information asymmetry theory offers complemen‑
tary theoretical insights for understanding agricultural
e‑commerce challenges, as agricultural products are
characterized by credence attributes that consumers
cannot evaluate even after consumption. Meta‑analytic
evidence has established that information asymme‑
try signiϐicantly inϐluences consumer risk perceptions
and behavioral intentions [10]. Blockchain technology,
through its capacity to create immutable and transpar‑
ent transaction records, functions as a mechanism for
reducing information asymmetry. Within information
asymmetry theory, blockchain acts as a high‑ϐidelity sig‑
nal providing cryptographically veriϐied quality claims
that prevent adverse selection. Research suggests that
the effectiveness of blockchain traceability may vary ac‑
cording to the developmental stage of e‑commerce mar‑
kets [11].

2.2. LiveStreamingAgriculturalE‑Commerce
and Consumer Engagement

Live streaming e‑commerce combines live video
streaming with interactive purchasing functionality, cre‑
ating a unique setting that enhances trust via perceived
authenticity and parasocial relationship formation [12].
These characteristics are particularly signiϐicant for agri‑
cultural products, where trust in product quality con‑
stitutes a primary purchase barrier. Platform develop‑
ment, including infrastructure expansion and user base
growth, provides foundational conditions that enable
consumer participation. Based on this reasoning, it is hy‑
pothesized that:

H1. Market‑level platform development positively inϔlu‑
ences consumer engagement in live‑streaming agricul‑
tural e‑commerce.

Information transparency in agricultural e‑
commerce contexts refers to the availability and accessi‑
bility of product‑related information, including origin,
production methods, quality certiϐications, and sup‑
ply chain details. Studies examining broadcasters’ ex‑
pertise and consumer purchase intention have demon‑

strated that information provision by credible sources
signiϐicantly enhances consumer trust and reduces per‑
ceived uncertainty [13], with platform reputation serv‑
ing as a moderating factor that ampliϐies the positive
effects of information transparency on consumer conϐi‑
dence. Research on purchase intention drivers in Chi‑
nese e‑commerce live streaming, utilizing a modiϐied
value acceptance model, has revealed that perceived
information value constitutes a signiϐicant mediating
mechanism through which platform characteristics in‑
ϐluence consumer behavioral intentions [14], suggest‑
ing that transparent information provision enhances
the perceived value proposition of live streaming agri‑
cultural e‑commerce. These theoretical and empirical
foundations support a positive relationship, though in‑
formation processing literature cautions that excessive
information availability without intuitive presentation
may generate cognitive overload, with research demon‑
strating that information redundancy moderates the
translation of information availability into active engage‑
ment [15]. This caveat suggests that the effectiveness of
information transparencydependsonpresentationqual‑
ity, supporting the hypothesis that:

H2. Appropriately structured information transparency
positively inϔluences market‑level consumer engagement.

2.3. Consumer Engagement and Purchase
Behavior

Consumer engagement in online commerce con‑
texts involves complex behavioral displays with multi‑
ple dimensions, such as attention allocation, participa‑
tion, rate of interaction, and continued engagementwith
content andmerchants on the online platform. Research
studies carried out on approaches to improve consumer
engagement in e‑commerce live streaming based on re‑
lational ties have conϐirmed that engagement serves as
a pivotal precursor to consumer behavior, with engaged
consumers displaying higher rates of conversion, pur‑
chase frequency, and customer lifetime value [16]. At the
marketplace level, overall consumer engagement on on‑
line commerce platforms represents the aggregate at‑
tention, interest, and participation of consumers across
market segments, signaling marketplace dynamism and
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growth potential before aggregate sales volumes. For
this market‑level study, Consumer Engagement is oper‑
ationalized as aggregate interaction metrics (user scale,
growth rates, penetration rates) rather than individual
emotional states.

The relationship between consumer engagement
and purchase behavior operates through multiple psy‑
chological and behavioral mechanisms, including en‑
hanced product knowledge, strengthened trust, reduced
perceived risk, and heightened purchase motivation.
Studies on immersive and parasocial live shopping expe‑
riences have demonstrated that engagement‑inducing
platform features, particularly streamers’ interactional
communication styles, facilitate deeper consumer in‑
volvement that translates into purchase intentions [17],
with the immediacy and authenticity of live streaming in‑
teractions proving particularly effective for agricultural
products where sensory evaluation is constrained. Re‑
search examining customer satisfaction antecedents in
live streaming commerce for green agricultural products
has identiϐied consumer engagement as a signiϐicant pre‑
dictor of satisfaction and subsequent purchase behav‑
ior [18], with engaged consumers demonstrating greater
willingness to pay premiums for products meeting their
quality expectations. These ϐindings support the hypoth‑
esis that:

H3. Market‑level consumer engagement positively inϔlu‑
encesmarket purchase behavior in live‑streaming agricul‑
tural e‑commerce.

2.4. Blockchain Traceability as a Moderat‑
ing Factor

Blockchain traceability systems enable the creation
of tamper‑proof digital records documenting agricul‑
tural products’ journey from farm to consumer, provid‑
ing veriϐiable evidence of product origin, handling con‑
ditions, and quality certiϐications. Research has demon‑
strated that blockchain‑based traceability signiϐicantly
enhances consumer purchase intentions by reducing
perceived information asymmetry [19], with brand famil‑
iarity moderating this effect, suggesting that blockchain
functions as a substitute for established trust signals
where brand reputation is weak. This ϐinding carries

particular relevance for live‑streaming agricultural e‑
commerce, where many sellers are small‑scale produc‑
ers lacking brand recognition and facing heightened
trust barriers. Blockchain is conceptualized as a mod‑
erator rather than an additional stimulus because it val‑
idates existing information rather than providing inde‑
pendent content, functioning as a boundary condition
that determines when stimuli achieve maximum effec‑
tiveness.

The moderating role of blockchain traceability op‑
erates through its capacity to amplify the effectiveness
of platform stimuli in generating consumer engagement,
as studies have established that traceability features
strengthen the positive relationship between product in‑
formation and purchase intentions [20, 21]. In live stream‑
ing contexts, blockchain provides cryptographic proof
that reduces transactional hesitation caused by the na‑
ture of agricultural goods. Based on these foundations,
it is hypothesized that:

H4a. Blockchain traceability adoption positively moder‑
ates the relationship between platform development and
consumer engagement;

H4b. Blockchain traceability adoption positively moder‑
ates the relationship between information transparency
and consumer engagement;

H5. Blockchain traceability adoption positively moder‑
ates the relationship between consumer engagement and
market purchase behavior.

Figure 1 illustrates the conceptual framework en‑
compassing these hypothesized relationships. As de‑
picted in the model, platform development and informa‑
tion transparency function as market‑level stimuli inϐlu‑
encing consumer engagement, which subsequently af‑
fects market purchase behavior, with blockchain trace‑
ability adoption serving as a moderating variable that
strengthens these relationships. This framework ex‑
tends the traditional S‑O‑R model by incorporating tech‑
nological infrastructure as a boundary condition that
shapes the effectiveness of market stimuli, providing a
comprehensive theoretical lens for understanding how
blockchain innovation reshapes consumer behavior dy‑
namics in agricultural live‑streaming e‑commerce con‑
texts.
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Figure 1. Conceptual Research Model.

3. Methodology

3.1. Data Sources and Sample

The secondary data method will be used in this
study, relying for its data sources on publicly available
statistics released by Chinese government authorities,
such as the China Internet Network Information Center,
Ministry of Commerce, Ministry of Agriculture and Rural
Affairs, and theNational Bureau of Statistics. Aggregated
market data collected and released by standardized gov‑
ernment processes will make the results of this study
easily reproducible while providing all‑encompassing
data for market dynamics and consumer behavior pat‑
terns, as well as the adoption of blockchain technology
throughout the data observation period.

The primary data architecture combines various
credible sources to build holistic indicators of mar‑
ket patterns in live‑streaming agricultural e‑commerce.
Statistical reports of live streaming e‑commerce user
scale, penetration rates, and market growth trends are
offered by CNNIC (China Internet Network Information
Center) semi‑annually (https://www.cnnic.cn/). Trans‑
action volume statistics of agricultural e‑commerce
are obtained from the Ministry of Commerce’s annual
statistics (http://www.mofcom.gov.cn/). Coverage
rates of agricultural product traceability are, in turn, ob‑
tained from the Ministry of Agriculture and Rural Af‑
fairs’ annual statistics (http://www.moa.gov.cn/).

Information about blockchain industry adoption is col‑
lected from governmental policy announcements (http:
//www.gov.cn/) and corporate disclosures ϐiled with
CNINFO (http://www.cninfo.com.cn/). Blockchain
adoption was quantiϐied as a monthly cumulative in‑
dex based on the frequency and impact weight of pol‑
icy and corporate adoption events, with detailed oper‑
ationalization in Subsection 3.2. Contributions are also
received from the National Bureau of Statistics (https:
//data.stats.gov.cn/) regarding quarterly statistics of
GDP growth rates. The detailed list of data sources is
included in Table 1.

The analytical sample includes 72 monthly data
points from January 2019 to December 2024, which in‑
cludes a large degree of variation in traceability adop‑
tion on the blockchain, from low adoption to ubiqui‑
tous platform support. Becausemacro‑level data is gath‑
ered semi‑annually or annually, cubic spline interpola‑
tionwas employed to align various data frequencies into
a uniϐiedmonthly time series for hierarchical regression
analysis. The interpolated series was validated against
original quarterly andannual datapoints to ensure struc‑
tural breaks and trend characteristics were preserved.
Cubic spline interpolationwas selected over linearmeth‑
ods due to its capacity to preserve curvature in tech‑
nology adoption trajectories while avoiding oscillation
artifacts, with the smoothness constraint appropriate
for market‑level aggregates that inherently exhibit less
volatility than individual‑level data.
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Table 1. Data Sources and Access Information.
Variable Category Data Source Access URL Frequency Coverage

Live streaming user
scale CNNIC Statistical Report https://www.cnnic.cn/ Semi‑annual 2019–2024

E‑commerce market
size CNNIC Statistical Report https://www.cnnic.cn/ Semi‑annual 2019–2024

Agricultural
e‑commerce GMV
(Gross Merchandise

Volume)
Ministry of Commerce http://www.mofcom.gov.cn/ Annual 2019–2024

Traceability coverage
rate

Ministry of Agriculture and
Rural Affairs http://www.moa.gov.cn/ Annual 2019–2024

Blockchain policy
events

Government ofϐicial
announcements http://www.gov.cn/ Event‑based 2019–2024

Platform blockchain
adoption CNINFO corporate disclosure http://www.cninfo.com.cn/ Event‑based 2019–2024

GDP growth rate National Bureau of Statistics https://data.stats.gov.cn/ Quarterly 2019–2024
Internet penetration

rate CNNIC Statistical Report https://www.cnnic.cn/ Semi‑annual 2019–2024
Note: Monthly estimates derived via cubic spline interpolation. N = 72 months (2019–2024).

3.2. Variable Measurement

Based on the above list of data sources, this section
will explore how theory‑driven constructs can be oper‑
ationally deϐined through empirically quantiϐiable vari‑
ables, primarily focusing on their innovative approach
towards measuring blockchain traceability adoption as
amoderating variable reϐlecting technology diffusion dy‑
namics at a market level.

The dependent variable, Market Purchase Behav‑
ior (MPB), captures aggregate consumer purchasing ac‑
tivity in live streaming agricultural e‑commerce through
the natural logarithm of monthly transaction volume
(gross merchandise volume) measured in billion yuan,
noting that ofϐicial statistics report ordered GMV rather
than net revenue after returns. The logarithmic trans‑
formation serves multiple methodological purposes, in‑
cluding variance stabilization, reduction of extreme
value inϐluence during promotional periods, and coef‑
ϐicient interpretation as elasticities reϐlecting propor‑
tional responses to predictor changes. This aggregate
operationalization reϐlects the principle that market‑
level transaction volumes represent the behavioral man‑
ifestation of individual consumer purchase intentions
summed across the consumer population, an approach

validated by meta‑analytical research demonstrating
that transaction‑basedmeasures serve as reliable indica‑
tors of underlying consumer preferences in agricultural
market contexts [22].

The independent variables encompass Platform
Development (PD) and Information Transparency (IT),
both constructed as composite indices normalized to a
0–1 scale through min‑max transformation. Platform
Development integrates market size and user penetra‑
tion indicators with equal weighting, reϐlecting the com‑
plementary contributions of commercial scale and adop‑
tion breadth to overall platform maturity. Informa‑
tion Transparency is operationalized through agricul‑
tural product traceability coverage rates published in
the Ministry of Agriculture and Rural Affairs (MARA) an‑
nual reports, measuring the proportion of agricultural
products entering formal traceability systems available
for consumer quality veriϐication.

Consumer Engagement (CE), serving as the medi‑
ating variable transmitting platform stimulus effects to
market purchase behavior, is constructed as a compos‑
ite index incorporating user scale, growth rate, and pen‑
etration rate derived from CNNIC reports [23]. The com‑
plete variable speciϐication, including measurement def‑
initions and data sources, is presented in Table 2.
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Table 2. Variable Operationalization and Measurement.
Variable Symbol Role Measurement Source

Market Purchase
Behavior MPB DV ln(monthly agricultural

e‑commerce GMV in billion CNY)
MOFCOM (Ministry of Commerce
of the People’s Republic of China)

Platform Development PD IV Composite index: market size and
user penetration (equal weights)

CNNIC (China Internet Network
Information Center)

Information
Transparency IT IV Agricultural product traceability

coverage rate
MARA (Ministry of Agriculture
and Rural Affairs of the People’s

Republic of China)
Consumer
Engagement CE Mediator Composite index: user scale,

growth rate, penetration rate CNNIC

Blockchain
Traceability Adoption BA Moderator Cumulative policy‑event index

based on adoption milestones Multiple

GDP Growth Rate GDP Control Quarterly year‑on‑year GDP
growth rate

NBS (National Bureau of Statistics
of China)

Internet Penetration NET Control National internet penetration rate CNNIC
COVID‑19 Period COVID Control =1 if Jan–Jun 2020; =0 otherwise —

Shopping Festival FEST Control =1 if June or November; =0
otherwise —

Seasonal Dummies MONTH Control 11 monthly dummies (January as
reference) —

Note: DV = dependent variable; IV = independent variable. Indices normalized to [1] .

As shown in Table 2, the moderating variable,
Blockchain Traceability Adoption (BA), represents the
most methodologically innovative construct in this
study, requiring careful operationalization given the ab‑
sence of direct ofϐicial statistics measuring blockchain
technology diffusion in agricultural e‑commerce con‑
texts. Drawing on the blockchain technology adoption
framework proposed byTaherdoost [24], which identiϐies
traceability, transparency, and security as the core char‑
acteristics driving adoption decisions, the BA index is
constructed as a cumulative index tracking policy mile‑
stones and platform adoption events. The index formu‑
lation follows the cumulative adoption function:

BAi =

∑t
s=1

∑J
j=1 wj · Ejs

Wmax
(1)

where Ejs represents the occurrence indicator (0 or
1) for event type j in period s, wj denotes the impact
weight assigned to event type j based on expected mar‑
ket inϐluence, and Wmax represents the maximum cu‑
mulative weight observed across the sample period, en‑
suring normalization to a 0–1 scale. Event categories
and corresponding weights are calibrated based on pol‑

icy impact assessment: national blockchain traceabil‑
ity policy announcements (w = 0.20), provincial pilot
program launches (w = 0.15), major e‑commerce plat‑
form blockchain implementations (w = 0.15), and plat‑
form feature expansions (w = 0.10). Key events incor‑
porated include the Ministry of Agriculture blockchain
traceability guideline (October 2020), the JD.com agri‑
cultural blockchain launch (June 2020), and the Alibaba
Ant Chain agricultural integration (March 2021), with
subsequent developments documented through ofϐicial
announcements and corporate disclosure ϐilings. The
cumulative index formulation inherently incorporates
implementation lag through the progressive accumula‑
tion of events over time, with major platform implemen‑
tations (JD.com, Alibaba) serving as direct proxies for
consumer‑facing deployment rather than policy intent
alone, thereby capturing actual market‑level adoption
dynamics rather than mere regulatory announcements.

Control variables include GDP growth rate, internet
penetration, a COVID‑19 period dummy (January–June
2020), shopping festival dummies for June and Novem‑
ber, and monthly seasonal dummies capturing both e‑
commerce promotional cycles and agricultural harvest
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seasonality, as the aggregated GMV data encompasses di‑
verse crop categorieswith staggered harvest periods that
partially smooth category‑speciϐic production cycles.

3.3. Analytical Methods

The analytical strategy employs a hierarchical re‑
gression framework designed to systematically test
main effects, mediation mechanisms, and moderation
relationships while addressing temporal dependencies
inherent in monthly market‑level observations. Prior
to model estimation, Augmented Dickey‑Fuller unit root
tests verify stationarity of all continuous variables, with
ϐirst‑differencing applied where necessary. All continu‑
ous predictors undergo mean‑centering prior to interac‑
tion termconstruction to reducemulticollinearity and fa‑
cilitate coefϐicient interpretation.

The mediation and moderated mediation analyses
follow the conditional process analysis framework estab‑
lished by Hayes [25], which has become the methodologi‑
cal standard for examining indirect effects and their con‑
tingencies in contemporary social science research. This
approach offers several advantages over earlier meth‑
ods: it does not require the assumption of normally dis‑
tributed indirect effects, provides more accurate conϐi‑
dence intervals through bootstrapping procedures, and
enables simultaneous testing of mediation and modera‑
tion within an integrated analytical framework. The me‑
diationmodel examineswhether consumer engagement
transmits the effects of platform stimuli to market pur‑
chase behavior:

MPBt = α+β1PDt+β2ITt+β3CEt+γ
′
Xt+εt (2)

where Xt encompasses control variables including
macroeconomic indicators, pandemic and festival dum‑
mies, and seasonal controls. Hypothesis H3 is supported
if β3 > 0, indicating that consumer engagement pos‑
itively inϐluences market purchase behavior. Statisti‑
cal inference for indirect effects employs the percentile
bootstrap conϐidence interval methodwith 5,000 resam‑
ples, which provides robust Type I error control while
maintaining adequate statistical power.

The full moderation model incorporates blockchain
traceability adoption and interaction terms to test
whether blockchain adoption strengthens the hypothe‑

sized relationships:

MPBt = α+ β1PDt + β2ITt + β3CEt

+β4BAt + β5(PD ×BA)t + β6(IT×BA)t

+β7(CE ×BA)t + γ
′
Xt + εt

(3)

Hypotheses H4a, H4b, and H5 are supported if in‑
teraction coefϐicients β5, β6, and β7 are positive and
signiϐicant, indicating blockchain adoption ampliϐies the
platform‑engagement‑purchase relationships. Signiϐi‑
cant moderation effects are probed using the Johnson‑
Neyman technique and simple slope analysis at the 16th,
50th, and 84th percentiles of themoderator distribution,
following recommendations for interpreting conditional
effects in moderated mediation models [26].

All models are estimated using Ordinary Least
Squares with Newey‑West heteroscedasticity and auto‑
correlation consistent (HAC) standard errors specifying
a maximum lag of 4 periods, addressing serial correla‑
tionwithout requiring explicit autocorrelation structure
speciϐication. Model ϐit is assessed through adjusted R‑
squared, with moderation term contributions evaluated
via nested model F‑tests. Robustness analyses include
COVID‑period exclusion, alternative BA index construc‑
tion, and Granger causality tests. All analyses are con‑
ducted using Stata 17.0 with the PROCESS procedure
adapted for time‑series data.

4. Results

4.1. Descriptive Statistics and Correlation
Analysis

Prior to hypothesis testing, diagnostic procedures
were conducted to ensure the appropriateness of the an‑
alytical approach for the market‑level time‑series data
employed in this study. The Augmented Dickey‑Fuller
tests indicated that all continuous variables achieved
stationarity after appropriate transformations, with test
statistics ranging from −3.89 to −5.72, all signiϐicant at
the 5% level or better, thereby conϐirming the suitabil‑
ity of regression‑based analysis without requiring differ‑
encing procedures. Variance inϐlation factors for all pre‑
dictors remained below the conventional threshold of
10, with the highest value of 3.67 observed for Platform
Development, suggesting that multicollinearity does not
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pose substantive concerns for parameter estimation.
The descriptive statistics reveal meaningful varia‑

tion across all focal variables throughout the 72‑month
observation period spanning January 2019 through De‑
cember 2024. Market Purchase Behavior, measured
as the natural logarithm of monthly agricultural e‑
commerce transaction volume in billion CNY, exhibited
a mean of 4.63 with a standard deviation of 0.84, re‑
ϐlecting the substantial growth trajectory of the live‑
streaming agricultural e‑commerce sector during this
period. Platform Development demonstrated consider‑
able evolution across the sample period, with values
ranging from 0.09 in early 2019 to 0.91 by late 2024,
capturing the maturation of live streaming infrastruc‑
ture and user adoption patterns. Information Trans‑
parency, operationalized through agricultural product
traceability coverage rates from Ministry of Agriculture
and Rural Affairs reports, showed improvement from
0.19 to 0.76 over the observation window, though with

notable month‑to‑month ϐluctuations reϐlecting policy
implementation variations across different provinces.
Consumer Engagement exhibited substantial temporal
variationwith ameanof 0.49 and a standard deviation of
0.17, inϐluenced by seasonal agricultural cycles, promo‑
tional events, and platform algorithm adjustments. The
Blockchain Traceability Adoption index demonstrated
the expected S‑curve diffusion pattern characteristic
of technology adoption, remaining below 0.06 through
early 2020 (early adopter phase), accelerating during
2020–2022 following key policy announcements (rapid
growth phase), and reaching 0.84 by December 2024
(approaching saturation). The GDP growth rate control
variable captured the economic ϐluctuations during this
period, including the sharp decline during early 2020 fol‑
lowed by recovery, with a mean quarterly growth rate of
4.87% and considerable variation (SD = 2.41). The com‑
plete descriptive statistics for all variables are presented
in Table 3.

Table 3. Descriptive Statistics.
Variable N Mean SD Min Max

MPB 72 4.63 0.84 2.91 6.28
PD 72 0.52 0.26 0.09 0.91
IT 72 0.47 0.17 0.19 0.76
CE 72 0.49 0.17 0.14 0.82
BA 72 0.45 0.29 0.00 0.84

GDP (%) 72 4.87 2.41 −6.80 7.90
NET 72 0.70 0.05 0.61 0.78
COVID 72 0.08 0.28 0 1
FEST 72 0.17 0.38 0 1

Note: Variable deϐinitions provided in Table 2.

Table 3 indicates that the COVID‑19 dummy cap‑
tures 8.3% of observations, while shopping festival pe‑
riods represent 16.7%, providing adequate variation for
robust control effect estimation.

The correlation matrix examining bivariate rela‑
tionships among focal variables provides preliminary
evidence regarding hypothesized associationswhile en‑
abling assessment of potential multicollinearity con‑

cerns. The correlation analysis also reveals certain
limitations inherent in time‑series data, as variables
sharing common upward trends may exhibit inϐlated
bivariate correlations that do not necessarily reϐlect
causal relationships, underscoring the importance of
themultivariate regression approachwith appropriate
controls. The correlation coefϐicients are presented in
Table 4.

Table 4. Correlation Matrix
Variable MPB PD IT CE BA

MPB 1
PD 0.671** 1
IT 0.643** 0.561** 1
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Table 4. Cont.
Variable MPB PD IT CE BA

CE 0.708** 0.634** 0.597** 1
BA 0.612** 0.573** 0.528** 0.584** 1

Note: N = 72. **p < 0.01.

Table 4 demonstrates positive correlations be‑
tween Market Purchase Behavior and focal predictors,
with Consumer Engagement showing the strongest as‑
sociation (r = 0.708), while the moderate correlation
between Platform Development and Information Trans‑
parency (r = 0.561) warrants attention in multivariate
speciϐications.

4.2. Main Effects and Mediation Analysis

The hierarchical regression analysis was designed
to systematically decompose the variance inMarket Pur‑
chase Behavior attributable to different predictor cate‑
gories, enabling rigorous assessment of incremental ex‑
planatory contributions and formal testing of mediation
hypotheses through a sequence of nested model speci‑
ϐications. This analytical approach follows established
conventions in applied economics research, with succes‑
sive models introducing theoretically distinct variable
blocks to isolate main effects from mediation mecha‑
nismswhile controlling formacroeconomic ϐluctuations,
digital infrastructure development, pandemic disrup‑

tion, and seasonal patterns characteristic of agricultural
e‑commerce markets in China. All models were esti‑
mated using Ordinary Least Squares with Newey‑West
heteroscedasticity and autocorrelation consistent stan‑
dard errors specifying a maximum lag of 4 periods (fol‑
lowing the rule of thumb T1/4 ≈ 2.9, rounded to 4 for
quarterly cycles), addressing the serial correlation inher‑
ent in monthly time‑series observations. Model 1 estab‑
lished the baseline by regressing Market Purchase Be‑
havior on control variables exclusively, explaining 37.4%
of variance, with GDP growth rate, internet penetration,
and the November shopping festival emerging as signiϐi‑
cant predictors, while the June festival effectwasweaker
and only marginally signiϐicant. Model 2 introduced
Platform Development and Information Transparency,
resulting in a meaningful improvement in explanatory
power (ΔR2 = 0.243). Model 3 incorporated Consumer
Engagement as the hypothesized mediator, adding fur‑
ther explanatory power (ΔR2 = 0.062). Model 4 intro‑
duced Blockchain Traceability Adoption and interaction
terms to test moderation hypotheses. The hierarchical
regression results are presented in Table 5.

Table 5. Hierarchical Regression Results.
Variable Model 1 Model 2 Model 3 Model 4

GDP 0.179** 0.118* 0.102* 0.089†
NET 0.214** 0.136* 0.112* 0.097†
COVID −0.148* −0.121* −0.108† −0.092†
FEST 0.127* 0.091† 0.081† 0.073
PD 0.378*** 0.261** 0.237**
IT 0.336*** 0.224** 0.193*
CE 0.307*** 0.281**
BA 0.142*

PD × BA 0.113*
IT × BA 0.168**

R2 0.374 0.617 0.679 0.732
ΔR2 — 0.243*** 0.062** 0.053*

Note: N = 72. Standardized β reported. †p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Table 5 reveals that Platform Development (β =
0.378) and Information Transparency (β = 0.336) ex‑
ert signiϐicant total effects on Market Purchase Behav‑

ior in Model 2. The coefϐicients attenuate to 0.261 and
0.224, respectively, upon Consumer Engagement inclu‑
sion in Model 3, indicating partial mediation consistent
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with theoretical expectations.
To formally test Hypotheses H1 and H2, a ϐirst‑stage

regression was conducted with Consumer Engagement
as the dependent variable. The results revealed signiϐi‑
cant positive effects for both Platform Development (β =
0.381) and Information Transparency (β = 0.365), provid‑
ing support for Hypotheses H1 and H2 and conϐirming
that platform‑level stimuli effectively generate consumer
engagement at the market level. These ϐirst‑stage effects,
combined with the signiϐicant Consumer Engagement co‑
efϐicient in the full model (β = 0.307, supporting H3), es‑
tablish the foundation for mediation analysis.

The formal mediation analysis employed the per‑
centile bootstrap conϐidence intervalmethodwith 5,000
resamples to assess indirect effects, following the con‑
ditional process analysis framework that has become

standard formediation testing in social science research.
This approach was selected due to its superior per‑
formance with smaller samples and non‑normally dis‑
tributed indirect effects, characteristics relevant for the
72‑observation time series. The bootstrap procedure
generates an empirical sampling distribution for the in‑
direct effect by repeatedly resampling with replacement
from the observed data, thereby avoiding distributional
assumptions that may be violated in market‑level con‑
texts where variables exhibit trending behavior. The
mediation analysis examined whether Consumer En‑
gagement serves as a transmission mechanism through
which platform stimuli inϐluence Market Purchase Be‑
havior, with signiϐicance determined by whether the
95% bootstrap conϐidence interval excludes zero. The
mediation results are summarized in Table 6.

Table 6. Mediation Analysis Results (Bootstrap).
Path Total Effect Direct Effect Indirect Effect 95% CI Mediation%

PD → CE →MPB 0.378 0.261 0.117 [0.051, 0.196] 31.0%
IT → CE →MPB 0.336 0.224 0.112 [0.046, 0.191] 33.3%

Note: Bootstrap resamples = 5,000. CI = conϐidence interval.

Table 6 indicates signiϐicant indirect effects for
both pathways, with Consumer Engagement mediating
31.0% of the Platform Development effect and 33.3% of
the Information Transparency effect, conϐirming partial
mediation and providing support for Hypothesis H3.

4.3. Moderation Analysis

Having established the main effects and medi‑
ation mechanisms in the preceding analyses, atten‑
tion now turns to the central theoretical question of
whether Blockchain Traceability Adoption moderates
the hypothesized relationships, representing the pri‑
mary contribution of this study regarding blockchain
technology’s trust‑enhancing role in live‑streaming
agricultural e‑commerce. The moderation analysis
addresses whether the effectiveness of platform‑level
stimuli in generating consumer engagement varies sys‑
tematically across different levels of blockchain tech‑
nology diffusion, with the theoretical expectation that
blockchain traceability ampliϐies the credibility of qual‑
ity signals and thereby strengthens stimulus‑response

relationships, particularly for agricultural products
where quality uncertainty represents a signiϐicant bar‑
rier to online purchasing. Interaction terms were con‑
structed bymultiplyingmean‑centered PlatformDevel‑
opment and Information Transparency variables with
the Blockchain Traceability Adoption index to reduce
multicollinearity, though moderate correlations be‑
tween interaction terms and constituent variables may
constrain statistical power for detecting moderation
effects given the 72‑observation sample. The results
from Model 4 in Table 5 reveal that the Platform De‑
velopment × Blockchain Adoption interaction achieved
statistical signiϐicance (β = 0.113, p < 0.05), providing
support for Hypothesis H4a, though the effect magni‑
tude was smaller than the Information Transparency
pathway. The Information Transparency × Blockchain
Adoption interaction demonstrated a stronger moder‑
ating effect (β = 0.168, p < 0.01), providing robust sup‑
port for Hypothesis H4b and aligning with the theoreti‑
cal argument that blockchain technology is particularly
effective at enhancing traceability‑based transparency
mechanisms.
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To facilitate interpretation of these interaction ef‑
fects, simple slope analyseswere conducted at low (16th
percentile, BA = 0.12), moderate (50th percentile, BA
= 0.49), and high (84th percentile, BA = 0.79) levels of
Blockchain Traceability Adoption, enabling assessment
of how stimulus‑engagement relationships intensify as
blockchain technology diffuses. For the Platform Devel‑
opment pathway, simple slopes were 0.239 (p < 0.01) at
low adoption, 0.331 (p < 0.001) at moderate adoption,
and 0.443 (p < 0.001) at high adoption, representing a
1.85‑fold increase across the adoption spectrum. For In‑
formation Transparency, simple slopes increased from
0.194 (p < 0.05) at low adoption to 0.334 (p < 0.001)
at moderate adoption to 0.487 (p < 0.001) at high adop‑
tion, a 2.51‑fold increase that underscores the particular
synergy between blockchain technology and traceability
mechanisms. The moderating effects are illustrated in
Figures 2 and 3.

Figure 2. Moderating Effect of Blockchain Traceability Adop‑
tion on Platform Development → Consumer Engagement.

Figure 3. Moderating Effect of Blockchain Traceability Adop‑
tion on Information Transparency → Consumer Engagement.

Figure 2 demonstrates diverging slopes across
blockchain adoption levels, with the high adoption con‑
dition showing substantially stronger platform devel‑
opment effects, indicating an enhancing rather than a
crossover interaction pattern.

Figure 3 showsmore pronounced slope divergence
than Figure 2, with the gap widening at higher trans‑
parency levels, supporting the theoretical emphasis on
blockchain’s complementarity with traceability systems.

4.4. Moderated Mediation Analysis

The integrated moderated mediation analysis ex‑
amined whether the indirect effects of platform stim‑
uli on Market Purchase Behavior through Consumer En‑
gagement are contingent upon Blockchain Traceability
Adoption levels, testing the proposition that blockchain
technology strengthens the overall transmission mecha‑
nism linking platform development to market outcomes.
This analysis represents a more stringent test than ex‑
amining moderation and mediation separately, as it re‑
quires demonstrating that the product of the moderated
ϐirst‑stage effect and the second‑stage effect varies sig‑
niϐicantly across moderator levels. The index of mod‑
erated mediation was computed for each pathway, with
positive and signiϐicant values indicating that indirect ef‑
fects strengthen as blockchain adoption increases. The
analysis revealed a signiϐicant index for the Information
Transparency pathway (index = 0.048, 95% CI [0.011,
0.094]), providing clear support for Hypothesis H5. The
index for Platform Development was positive, but the
conϐidence interval marginally included zero (index =
0.032, 95% CI [−0.008, 0.079]), suggesting directional
but non‑signiϐicant moderated mediation for this path‑
way, potentially reϐlecting the weaker ϐirst‑stage moder‑
ation combined with limited statistical power. The con‑
ditional indirect effects at different blockchain adoption
levels are presented in Table 7.

Table 7 reveals that indirect effects increase across
blockchain adoption levels, with the Information Trans‑
parency pathway showing clear strengthening from
0.058 (low) to 0.101 (moderate) to 0.147 (high), while
the Platform Development pathway shows a similar pat‑
tern from0.072 (low) to 0.100 (moderate) to 0.134 (high)
with overlapping conϐidence intervals at adjacent levels.
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Table 7. Conditional Indirect Effects at Different Blockchain Adoption Levels.
Path BA Level Indirect Effect 95% CI

PD → CE →MPB Low (0.12) 0.072 [0.014, 0.143]
Moderate (0.49) 0.100 [0.038, 0.174]

High (0.79) 0.134 [0.059, 0.223]
IT → CE →MPB Low (0.12) 0.058 [0.004, 0.127]

Moderate (0.49) 0.101 [0.037, 0.178]
High (0.79) 0.147 [0.071, 0.238]

Index of Moderated
Mediation
PD pathway — 0.032 [−0.008, 0.079]
IT pathway — 0.048 [0.011, 0.094]

Note: Bootstrap resamples = 5,000. Low/Moderate/High = 16th/50th/84th percentile.

4.5. Robustness Checks and Hypothesis
Summary

Several robustness analyses were conducted to as‑
sess ϐinding stability across alternative speciϐications.
The COVID‑19 exclusion analysis removed observations
from January through June 2020; main effect coefϐicients
remained within 13% of full‑sample values with hypoth‑
esized relationships maintaining signiϐicance, though
the Platform Development × Blockchain interaction de‑
creased somewhat (from β = 0.113 to β = 0.091), suggest‑
ing partial conϐlationwith pandemic‑perioddynamics. Al‑
ternative Blockchain Adoption index construction using
equal event weights produced results correlating at 0.93
with primary speciϐications, with hypothesis conclusions
unchanged. A frequency‑based robustness check using
original semi‑annual observations conϐirmed directional

consistency of main effects despite reduced statistical
power attributable to a smaller sample size, suggesting
that signiϐicant ϐindings are not artifacts of the interpola‑
tion process. Granger causality tests provided evidence
supporting temporal precedence, with Platform Devel‑
opment and Information Transparency Granger‑causing
Consumer Engagement (F = 6.24, p < 0.01 and F = 5.61, p
<0.01), and Consumer Engagement Granger‑causingMar‑
ket Purchase Behavior (F = 8.43, p < 0.01), while reverse
causality tests yielded non‑signiϐicant results, mitigating
though not eliminating simultaneity concerns inherent in
observational time‑series designs. The hypothesis test‑
ing results are summarized in Table 8.

Table8 conϐirms support forH1, H2, H3, H4a (atp<
0.05), H4b (at p < 0.01), and H5 for the IT pathway, while
the moderated mediation for the PD pathway shows di‑
rectional but non‑signiϐicant support.

Table 8. Summary of Hypothesis Testing Results.
Hypothesis Path Coefϐicient Result

H1 PD → CE (+) 0.381*** Supported
H2 IT → CE (+) 0.365*** Supported
H3 CE →MPB (+) 0.307*** Supported
H4a BA moderates PD → CE 0.113* Supported
H4b BA moderates IT → CE 0.168** Supported

H5 (PD) Moderated mediation 0.032 Not Supported
H5 (IT) Moderated mediation 0.048* Supported

Note: *p < 0.05, **p < 0.01, ***p < 0.001.

5. Discussion

The empirical ϐindings provide substantial evi‑
dence for the hypothesized relationships among plat‑
form development, information transparency, consumer
engagement, and market purchase behavior in live‑

streaming agricultural e‑commerce, while illuminating
the critical moderating role of blockchain traceability
adoption. The present study demonstrates that plat‑
form development (β = 0.381) and information trans‑
parency (β = 0.365) signiϐicantly inϐluence consumer
engagement, supporting Hypotheses H1 and H2, which
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align with theoretical expectations derived from the
Stimulus‑Organism‑Response framework. These stim‑
uli further exert signiϐicant total effects on market pur‑
chase behavior (β = 0.378 and β = 0.336, respectively),
with consumer engagement partially mediating these
relationships. These results extend prior individual‑
level understanding by demonstrating that such ef‑
fects operate at the aggregate market level, thereby
revealing systematic patterns amenable to platform‑
wide strategic interventions. The ϐinding that plat‑
form development exhibits slightly stronger inϐluence
than information transparency suggests that technolog‑
ical infrastructure investment may yield more imme‑
diate market returns than transparency enhancement
initiatives, though both pathways demonstrate substan‑
tial economic signiϐicance. This interpretation aligns
with emerging perspectives emphasizing that infrastruc‑
ture alone is insufϐicient without data‑driven decision‑
making capabilities that translate technological invest‑
ments into competitive advantage [27], suggesting that
Platform Development implicitly captures strategic or‑
chestration of digital resources beyond mere technical
capacity.

The mediation analysis in this study reveals that
consumer engagement transmits approximately 31.0%
of the platform development effect and 33.3% of the
information transparency effect, conϐirming Hypothe‑
sis H3 regarding partial mediation and demonstrating
that collective consumer participation constitutes a crit‑
ical intermediate mechanism linking platform stimuli to
market outcomes. While prior research has established
the importance of engagement in live streaming contexts
at the individual level, the present ϐindings extend this
understanding by demonstrating that engagement op‑
erates as a market‑level transmission mechanism, with
aggregate participation patterns serving as leading indi‑
cators of subsequent transaction volume growth rather
than merely reϐlecting individual purchase intentions.

The moderation analysis constitutes the primary
theoretical contribution of this investigation, with
the present study revealing that blockchain traceabil‑
ity adoption signiϐicantly strengthens both the plat‑
form development‑consumer engagement relationship
(β = 0.113, supporting H4a) and the information

transparency‑consumer engagement relationship (β =
0.168, supportingH4b). The substantially strongermod‑
eration effect observed for the information transparency
pathway provides empirical support for theoretical ar‑
guments positing that blockchain technology demon‑
strates particular effectiveness in enhancing traceability‑
basedmechanisms [28, 29]. The simple slope analyses con‑
ducted in this study reveal a 2.51‑fold increase in the
information transparency effect across the blockchain
adoption spectrum compared to a 1.85‑fold increase for
platform development. This ϐinding validates Signaling
Theory in digital agricultural markets: while informa‑
tion transparency acts as the quality signal, blockchain
serves as the signal reliability mechanism, preventing
market collapse into a “lemons” scenario, with syner‑
gistic properties amplifying combined effectiveness be‑
yond independent contributions.

The moderated mediation results from the present
analysis reveal nuanced patterns warranting careful
interpretation. The information transparency path‑
waydemonstrates signiϐicant conditional indirect effects
strengthening from 0.058 at low blockchain adoption to
0.147 at high adoption, providing support for Hypothe‑
sis H5 through the IT pathway, while the platform de‑
velopment pathway exhibits a similar directional pat‑
tern with overlapping conϐidence intervals at adjacent
levels, indicating that H5 for the PD pathway was not
supported. This pattern distinguishes “hygiene factors”
from “value‑added factors” in the Herzbergian sense:
Platform Development represents a hygiene factor es‑
sential for market existence but yielding diminishing
returns beyond threshold levels, with consumers ex‑
pecting platform maturity as a baseline condition that
blockchain cannot signiϐicantly enhance. Conversely, In‑
formation Transparency constitutes a motivator where
blockchain’s cryptographic veriϐication addresses spe‑
ciϐic uncertainty associated with product quality rather
than platform functionality, explaining the differential
moderation patterns across pathways. This differen‑
tial pattern, unique to the present market‑level inves‑
tigation, suggests blockchain traceability functions pri‑
marily as a trust‑enhancing mechanism amplifying the
signaling value of transparent information rather than
operating as a general platform enhancer. This inter‑
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pretation aligns with theoretical perspectives emphasiz‑
ing blockchain’s selective effectiveness in contexts char‑
acterized by information asymmetry [30, 31], while ex‑
tending these frameworks by demonstrating the mech‑
anism’s operation at aggregate market levels. Agricul‑
tural products represent a particularly appropriate con‑
text for this synergy because food possesses credence
attributes that consumers cannot assess through visual
inspection during live streaming, rendering blockchain‑
transparency complementarity substantially stronger
than for search goods.

The robustness analyses strengthen conϐidence in
the primary ϐindings while revealing important bound‑
ary conditions speciϐic to the agricultural e‑commerce
context. The stability of main effects following COVID‑
19 period exclusion suggests that observed relation‑
ships reϐlect fundamental market dynamics rather than
pandemic‑speciϐic artifacts, though attenuation of the
platform development × blockchain interaction indi‑
cates that accelerated digital adoption during lockdown
periods may have ampliϐied the apparent moderating ef‑
fect. The Granger causality tests provide temporal prece‑
dence evidence supporting the hypothesized causal se‑
quence, lending additional credibility to the proposed
theoretical model.

These ϐindings carry important theoretical implica‑
tions for understanding technological innovation’s role
in reshaping consumer behavior dynamics within agri‑
cultural e‑commerce ecosystems. The demonstrated
moderating role of blockchain traceability extends the
traditional S‑O‑R framework by incorporating techno‑
logical infrastructure as a boundary condition shaping
stimulus effectiveness, an extension that addresses lim‑
itations in existing theoretical applications that have
not adequately accounted for technology diffusion ef‑
fects [32, 33]. The differential moderation patterns docu‑
mented in this study indicate that blockchain technol‑
ogy operates selectively through mechanisms aligned
with its core traceability functionality rather than func‑
tioning as a universal trust enhancer, providing nu‑
anced guidance for platform operators and policymak‑
ers seeking to optimize technology investment strate‑
gies in agricultural e‑commerce contexts. Future re‑
search might examine technological complementarities

between blockchain traceability (providing veriϐication
infrastructure) and generative AI applications (enhanc‑
ing content personalization) that jointly shape consumer
experiences in live streaming contexts [34], as blockchain
addresses trust through validation, while AI‑driven inno‑
vations may amplify engagement through creative con‑
tent generation.

6. Conclusions

This study employed monthly time‑series data
spanning January2019 throughDecember2024 (N=72)
to investigate the moderating role of blockchain trace‑
ability adoption in shaping consumer engagement and
purchase behavior within live‑streaming agricultural e‑
commerce platforms in China, utilizing a hierarchical
regression framework with Hayes’s conditional process
analysis to test main effects, mediation mechanisms,
and moderation relationships simultaneously. The em‑
pirical results demonstrate that platform development
(β = 0.381) and information transparency (β = 0.365)
exert signiϐicant positive effects on consumer engage‑
ment (supporting H1 and H2), with these stimuli fur‑
ther inϐluencing market purchase behavior through con‑
sumer engagement, which partially mediates these re‑
lationships by transmitting 31.0% and 33.3% of the re‑
spective effects (supporting H3). The moderation anal‑
ysis reveals that blockchain traceability adoption sig‑
niϐicantly strengthens both the platform development‑
consumer engagement relationship (β = 0.113, support‑
ing H4a) and the information transparency‑consumer
engagement relationship (β = 0.168, supporting H4b),
with simple slope analyses indicating a 2.51‑fold in‑
crease in the information transparency effect and a 1.85‑
fold increase in the platform development effect across
the blockchain adoption spectrum. The moderated me‑
diation analysis conϐirms signiϐicant conditional indirect
effects for the information transparency pathway (index
= 0.048, 95% CI [0.011, 0.094], supporting H5 for the
IT pathway), while the platform development pathway
exhibits directional but non‑signiϐicant moderated me‑
diation (H5 for the PD pathway not supported), suggest‑
ing that blockchain traceability functions primarily as a
trust‑enhancing mechanism that ampliϐies the signaling
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value of transparent information rather than operating
as a general platform enhancer.

These ϐindings carry substantial theoretical and
practical implications for understanding how techno‑
logical innovation reshapes consumer behavior dynam‑
ics within agricultural e‑commerce ecosystems. The
theoretical contribution lies in extending the Stimulus‑
Organism‑Response framework tomarket‑level analysis
while incorporating blockchain technology as a bound‑
ary condition shaping stimulus effectiveness, thereby ad‑
dressing limitations in existing theoretical applications
that have not adequately accounted for technology diffu‑
sion effects in digital agricultural marketplaces.

The practical implications differentiate recommen‑
dations for distinct stakeholders: policymakers should
prioritize standardizing traceability data formats and
interoperability protocols to ensure blockchain‑veriϐied
information is readable and comparable across plat‑
forms, given the stronger moderation effects observed
for the Information Transparency pathway compared to
PlatformDevelopment. Platform operators should focus
on integrating blockchain veriϐication into consumer‑
facing interfaceswith intuitivepresentationdesigns, par‑
ticularly for agricultural products where quality uncer‑
tainty represents a signiϐicant purchasing barrier.

The study acknowledges limitations, including re‑
liance on interpolated monthly estimates from semi‑
annual and annual ofϐicial statistics, potential simultane‑
ity bias between Platform Development and Consumer
Engagement that OLS‑based approaches cannot fully ad‑
dress despite Granger causality evidence, supporting
temporal precedence, the use of ordered GMV that does
not account for return rates, the absence of individual‑
level consumer data, and the geographic restriction to
the Chinesemarket context thatmay constrain generaliz‑
ability. Future research should address these limitations
by incorporating primary consumer survey data to tri‑
angulate market‑level ϐindings, extending the analytical
framework to cross‑national comparative contexts, and
examining heterogeneous effects across different agri‑
cultural product categories and platform types to reϐine
the understanding of blockchain traceability’s differen‑
tial effectiveness in diverse agricultural e‑commerce set‑
tings.
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