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ABSTRACT: The beekeeping industry faces several challenges, including fraudulent honey production, market pressure, grow-
ing traceability requirements, and fragmented communication among stakeholders. Digital solutions can support market trans-
parency, but they cannot eliminate fraudulent practices on their own without coherent legal regulations and analytical methods
enabling the verification of product authenticity. This study explores beekeepers' intention to adopt digital platforms for honey
traceability and customer communication. Using the Unified Theory of Acceptance and Use of Technology (UTAUT), we analyzed
behavioral intention through performance expectancy, effort expectancy, and facilitating conditions. We also extended UTAUT
by incorporating strategic benefits associated with apiary operations and beekeepers' willingness to share information. A struc-
tured survey was conducted among Polish beekeepers between August and October 2024 (n = 949), and Partial Least Squares
Structural Equation Modeling was used to test hypotheses. Results confirm that performance expectancy, effort expectancy,
willingness to share information, and strategic benefits significantly predict behavioral intention to adopt digital platforms.
These findings suggest that platform developers and policymakers should emphasize economic returns and effective commu-
nication tools when promoting digital solutions in beekeeping.
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Introduction

Recent literature highlights growing threats to the integrity of apiculture and ongoing communi-
cation gaps across the honey sector (Garcia, 2018). Honey adulteration remains a persistent issue,
with EU investigations revealing up to 46% of imported honey suspected of fraud (European Com-
mission, 2023). These concerns are compounded by fragmented information flows and authenticity
claims undermining traceability and trust, particularly in high-value honey markets (Finlay-Smits et
al, 2023). Beyond honey adulteration and communication failures, the beekeeping sector is also
shaped by colony health risks, environmental pressures, market asymmetries, and growing consumer
and regulatory expectations regarding transparency and product authenticity.

Improving transparency across the honey value chain increasingly focuses on using digital tech-
nologies to support traceability, standardization, and data-driven communication. Platforms combin-
ing loT-based hive monitoring, blockchain certification, and digital reporting are viable solutions for
enhancing product credibility and stakeholder coordination (Ornelas Herrera et al,, 2025). These
tools promise operational benefits for beekeepers while addressing broader consumer trust and reg-
ulatory compliance issues.

Digitalization has thus become a cornerstone of sustainable apiculture, aligning with the wider
smart farming transition (Birner et al., 2021; Bertoglio et al., 2021). Blockchain, Al-enabled analytics,
and QR code-based traceability systems enable real-time, verifiable information sharing throughout
the honey value chain (Danieli & Lazzari, 2022; Lin et al., 2018). These technologies create opportu-
nities for beekeepers to differentiate products, strengthen customer relationships, and access new
markets. At the same time, digital solutions alone are unlikely to eliminate fraudulent practices. Their
effectiveness depends on complementary legal frameworks, enforceable control mechanisms, and
analytical methods capable of verifying honey authenticity.

Despite these advantages, digital adoption in apiculture remains limited. A European survey of
844 beekeepers found only 20.9% had implemented digital hive monitoring, mostly for basic metrics
like weight (Verbeke et al., 2024). Many apiaries still rely on manual operations. Traditionalist atti-
tudes, limited awareness of the benefits of digital tools, and weak institutional or market incentives
remain significant barriers to digital adoption (Pivoto et al., 2018).

Understanding these adoption gaps requires a framework that accounts for both individual and
contextual factors influencing the acceptance of digital technology. The Unified Theory of Acceptance
and Use of Technology (UTAUT) has been widely applied to explore such dynamics in agriculture
(Dissanayake et al., 2022; Langer et al., 2024; Venkatesh et al., 2003, 2012). It identifies four key
constructs: performance expectancy, effort expectancy, facilitating conditions, and social influence as
critical for understanding user behavior (Ronaghi & Forouharfar, 2020; Ammann et al., 2022). How-
ever, studies also reveal persistent adoption challenges such as digital illiteracy, low usability, and
data privacy concerns (Knierim et al., 2019; Fadeyi et al., 2022).

In beekeeping, adoption patterns may be influenced by sector-specific factors. Apiculture com-
bines artisanal knowledge, ecological responsibility, and, increasingly, commercial ambition, making
it distinct from conventional agriculture (Crane, 2000; EtxegaraiLegarreta et al., 2022). Accordingly,
general UTAUT models may need to be adapted to fully capture behavioral nuances in this hybrid
domain. Moreover, the potential for digitalization is likely to differ across apiary types. Small and
hobbyist apiaries may be more interested in relatively simple communication and traceability func-
tions, whereas larger commercial operations may derive greater benefits from advanced analytics,
certification support, and integrated platform-based coordination. For this reason, the present study
focuses on behavioral intention to adopt digital platforms rather than on the immediate implementa-
tion efficiency of advanced digital solutions across all apiary types.

This study investigates the factors influencing beekeepers’ intention to adopt digital platforms
aimed at enhancing transparency and communication across the honey value chain. It explores both
technological and socio-institutional determinants of beekeepers’ behavioral intention to adopt dig-
ital platforms by integrating UTAUT’s core constructs with apiculture-relevant extensions, such as
strategic benefits and information-sharing willingness. The central research question guiding this
study is:

What factors shape beekeepers’ behavioral intention to adopt digital platforms?
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The next sections present a literature review, construct definitions, and hypotheses grounded in
prior research. This is followed by the study’s methodology, quantitative model testing, and a discus-
sion of the findings, including implications for policy, platform design, and future research.

An overview of the literature

Integrating new technologies in agriculture and beekeeping

The integration of digital technologies into agriculture and apiculture is increasingly essential for
improving productivity, enhancing sustainability, and meeting regulatory requirements (Jonkman et
al,, 2022; Uyar et al,, 2024). Smart farming merges automation, data analytics, and connectivity to
drive efficiency and resilience across agri-food systems. As Roy and Medhekar (2025) observe, smart
farming tools have evolved into “core enablers” of modern agricultural sustainability.

In apiculture, digital transformation creates new forms of value through automated monitoring
and decision support. Hive-monitoring systems enable real-time tracking of parameters like humid-
ity, temperature, and brood condition, reducing the need for manual inspections and improving hive
health management (Krishnasamy et al., 2023). Computer vision tools such as IntelliBeeHive apply Al
and YOLO models to detect Varroa mites and measure pollen load without disturbing the hive (Nar-
cia-Macias et al.,, 2023; Bilik et al., 2023).

Blockchain technology also shows promise for strengthening traceability in honey production.
Blockchain enhances transparency and supports anti-fraud measures by ensuring tamper-proof, ver-
ifiable supply chain records (Kamilaris et al,, 2019). Yet, the success of such tools hinges on trust.
Reissig et al. (2024) stress that responsible data governance and clear data-sharing protocols are
crucial for user confidence, especially among small-scale producers.

Digital platforms further expand opportunities for smallholders and beekeepers by enhancing
market access, fostering collaboration, and supporting the delivery of services. Fitz and Scheeg
(2023) argue that platform-based models can empower small enterprises, provided users possess
adequate digital literacy and platform tools are interoperable and policy-aligned.

Despite these advances, several challenges remain. Farmers frequently face fragmented systems,
unclear data policies, and limited support structures (Romera et al., 2024). Adoption barriers are
compounded by concerns over data ownership, digital readiness, and system complexity (Reissig et
al,, 2024). This calls for holistic digital strategies prioritizing usability, inclusivity, and training.

Summarising, adopting technologies such as 10T, Al, blockchain, and digital platforms can signif-
icantly enhance traceability, transparency, and resilience in agricultural systems. These tools are par-
ticularly relevant in apiculture due to the sector’s ecological sensitivity and increasing consumer
demand for verified quality and ethical sourcing.

Digital platforms as a communication bridge in agriculture and beekeeping

Communication is not merely logistical in the agri-food value chain (Otter et al., 2024). It is a
strategic enabler of transparency, market positioning, and value co-creation. In apiculture, where
production is shaped by ecological cycles and consumer trust is paramount, effective information
flows are essential for traceability and certification. Yet, unlike other agricultural sectors, beekeeping
remains under-digitalized, often relying on informal or analog communication channels (Ornelas
Herrera et al., 2025).

EU findings reinforce the urgency for improved communication, showing that 46% of imported
honey is potentially adulterated (European Commission, 2023). This compromises market integrity
and penalizes ethical producers. As Finlay-Smits et al. (2023) emphasize, fragmented communication
diminishes trust and weakens certification credibility. As apiculture becomes more market-oriented,
digital platforms that enable traceability and stakeholder interaction are increasingly vital.

Unlike digital hive monitors (Hamza et al., 2023) or computer vision solutions (Bilik et al., 2023),
digital communication platforms support data sharing, messaging, and provenance storytelling (Fin-
lay-Smits et al., 2023). They enable beekeepers to connect with consumers and certifying bodies by
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providing authenticated records of harvesting methods and environmental practices, thus enhancing
traceability and trust throughout the honey supply chain (Ornelas Herrera et al., 2025).

However, as Reissig et al. (2024) and Rajala & Hautala-Kankaanpaa (2023) show, adoption
depends on the beekeeper’s willingness to share data, and this challenge is often shaped by mistrust
or unclear governance. Cultural norms and a lack of clarity about data use further impede engage-
ment. Addressing these issues requires both technical capacity-building and cultural adaptation,
including peer exchange and institutional backing (Roy & Medhekar, 2025).

In conclusion, digital platforms provide critical infrastructure to link apiary operations with
evolving market and regulatory demands. Their success depends not only on digital access but also
on trust-building and a readiness among beekeepers to engage openly.

Hypotheses development

Recent research in digital agriculture frequently applies the Unified Theory of Acceptance and
Use of Technology (UTAUT) (Dissanayake et al.,, 2022; Langer et al.,, 2024; Venkatesh et al., 2003,
2012) to examine behavioral intentions to adopt innovations. In the agricultural context, perfor-
mance expectancy, effort expectancy, facilitating conditions, and social influence have been empiri-
cally validated as core determinants of technology adoption across diverse settings (Ronaghi &
Forouharfar, 2020; Giua et al,, 2022; Ammann et al,, 2022; Langer et al,, 2024). Because the analyzed
platform is intended for future implementation rather than already in routine use, digital platform
adoption is operationalized in this study as beekeepers’ behavioral intention to use the platform.

Venkatesh et al. (2003) describe performance expectancy as the degree to which an individual
believes that using the system will help attain gains in job performance, which in digital agriculture
translates to increased productivity and operational efficiency. Prior research confirms that per-
ceived performance benefits, including operational efficiency and transparency, consistently drive
adoption in agricultural contexts (Ronaghi & Forouharfar, 2020; Giua et al., 2022). Studies show that
when farmers perceive improved traceability and productivity, their intention to adopt such technol-
ogies increases significantly (Giua et al., 2022). As beekeepers are increasingly market-oriented, per-
formance-enhancing features of digital platforms should drive their adoption. This leads us to
hypothesize that performance expectancy will positively affect beekeepers’ intention to adopt a digi-
tal platform for honey traceability.

H1: Performance expectancy positively influences behavioral intention to adopt a digital plat-
form

Effort expectancy is defined as the degree of ease associated with using a new technology (Ven-
katesh et al., 2003). In agri-tech research, ease of use strongly correlates with willingness to adopt
digital tools (Giua et al.,, 2022; Ammann et al,, 2022). Ease of use and digital familiarity strongly influ-
ence the adoption of smart technologies among less-experienced farmers (Giua et al.,, 2022; Ammann
et al, 2022). For beekeepers, effort expectancy is essential due to the seasonal nature of operations
and limited time for technical learning. When digital platforms are perceived as accessible and easy
to use, behavioral intention to adopt them increases.

H2: Effort expectancy positively influences behavioral intention to adopt a digital platform

Social influence within the UTAUT framework refers to the extent to which individuals perceive
that important others believe they should use a technology (Venkatesh et al., 2003, 2012). In the
context of beekeeping, this mechanism may be reflected not only in peer or stakeholder expectations
but also in beekeepers’ willingness to engage in transparent communication and data disclosure
across the value chain. For this reason, the present study treats information sharing not as a direct
equivalent of social influence, but as a context-specific extension that captures openness to sharing
traceability- and process-related information with consumers and other stakeholders. Prior studies
show that trust, transparency, and data-sharing practices are important for digital coordination and
traceability in agri-food systems (Fu et al., 2017; Reissig et al., 2024; Ziemba et al., 2026). In apicul-
ture, where authenticity, stakeholder trust, and market communication are particularly important,
such openness may increase the perceived relevance of digital platforms. Therefore, we propose that
beekeepers’ intention to adopt a platform is also shaped by their willingness to share information
across the value chain.
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H3: Information sharing positively influences behavioral intention to adopt a digital platform

Venkatesh et al. (2003, 2012) emphasize the importance of intuitive and accessible platforms,
especially for users with limited digital literacy. Camilleri (2019) explores technological anxiety in
relation to perceived ease of use, noting that reducing anxiety and perceived complexity greatly
increases behavioral intention. To operationalize facilitating conditions, we adopt the conceptualiza-
tion of technological anxiety, where lower anxiety indicates better facilitating conditions, as shown in
Camilleri (2019). By reversing the scale of technological anxiety, we create an indicator that reflects
perceived support and resources for technology use. Previous research suggests that access to tech-
nical resources, advisory services, and platform training significantly affect system adoption
(Ammann et al,, 2022). However, while these conditions strongly influence actual usage, their effect
on the intention to adopt has been less consistent (Giua et al.,, 2022). In this study, we view the bee-
keeper’s perception of having sufficient support as an enabling factor that may indirectly influence
behavioral intention. Accordingly, facilitating conditions were measured using reverse-coded items
adapted from technological anxiety; thus, higher scores indicate lower anxiety and more favorable
facilitating conditions.

H4: Facilitating conditions positively influence behavioral intention to adopt a digital platform

Strategic benefits, linked to long-term gains such as market differentiation and reputation
enhancement, are crucial motivators for digital adoption in entrepreneurial contexts (Dong et al.,
2023; Marzi et al,, 2023). These benefits go beyond operational efficiency, emphasizing the strategic
value creation by digital platforms, which can improve market positioning and stakeholder trust.
While not part of the core UTAUT model, they align with value-based innovation logic (Finlay-Smits
et al,, 2023). Research shows that farmers are more likely to adopt when they perceive alignment
between digital tools and their strategic business goals, like differentiation or fraud prevention
(Ornelas Herrera et al., 2025). Especially in the apicultural sector, where authenticity and traceability
are strategic assets, digital platforms offering these capabilities are more appealing.

H5: Strategic benefits positively influence behavioral intention to adopt a digital platform

Both age and experience emerge in the literature as key demographic variables influencing
behavioral intention and moderating core UTAUT relationships. Older farmers tend to show lower
intention to adopt digital tools, often due to perceived complexity and lower confidence in handling
technology (Giua et al., 2022). Conversely, experience generally has a positive effect, as familiarity
with prior technologies enhances confidence and intention to adopt new tools (Ammann et al., 2022).
Additionally, studies suggest these variables moderate the effects of performance and effort expec-
tancy. That is, experienced beekeepers may rely less on perceived ease of use, while older users may
be more sensitive to usability concerns.

H6: Age moderates the relationship between performance expectancy and behavioral intention
to adopt a digital platform

H7: Age moderates the relationship between effort expectancy and behavioral intention to adopt
a digital platform

H8: Experience moderates the relationship between performance expectancy and behavioral
intention to adopt a digital platform

H9: Experience moderates the relationship between effort expectancy and behavioral intention
to adopt a digital platform

Research methods

This research is a part of the international project TOP4HoneyChains: Trustable and Sustainable
Open Platform for Smart Honey Value Chains, as part of the ERA-NET CO-FUND ICT-AGRI-FOOD initi-
ative. The project aims to develop a reliable, sustainable, adaptive digital open data platform to
enhance traceability, transparency, and trust within honey value chains. The digital platform is
designed to facilitate the efficient implementation of smart honey value chains by integrating
advanced digital technologies, ensuring improved traceability and trustworthiness throughout the
chain.
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Research instrument

The survey instrument - a questionnaire - was developed based on the UTAUT and UTAUT2
models proposed by Venkatesh et al. (2003, 2012). The original items were adapted to the context of
the food sector, with specific modifications to reflect the potential for digital platform adoption in
beekeeping. This adaptation draws on studies of digital technology adoption in enterprises (Camill-
eri, 2019; Marzi et al., 2023), strategic advantages in the food industry (Dong et al., 2023), research
on information sharing in both the food (Fu et al., 2017) and beekeeping sectors (Engebretson et al.,
2022; Ziemba et al,, 2026), as well as inter-organizational strategies influencing firm performance
across general business contexts (Li et al., 2006; Li & Lin, 2006). A detailed presentation of the meas-
urement scale is available in Table 1.

Table 1. Constructs, indicators, and their source

Construct

Performance
expectancy

Effort
expectancy

Information
sharing

Facilitating
conditions*

Strategic
benefits

Behavioral
intention

Notes: * FC items were reverse-coded for the analysis; ** EE4 was excluded from the final measurement model due to low outer

loading.

Indicator

PE1
PE2
PE3
PE4
EE1
EE2
EE3
EE4**
1S1

1S2

1S3

1S4

FC1
FC2
FC3
FC4

SB1
SB2
SB3
BN
BI2
BI3
Bl4

Indicator wording

Using the digital platform can increase the speed of communication with customers

Using the digital platform can improve the quality of relations with customers

Using the digital platform can increase the effectiveness of relations with customers

Using the digital platform can increase the transparency of relations with customers
Learning to use the digital platform in relations with customers will be easy for me

Using the digital platform in relations with customers will be easy for me

Using the digital platform in relations with customers will be clear and understandable to me
Using the digital platform in relations with customers will be flexible

On the digital platform, I will provide information about myself, such as my beekeeping expe-
rience, education, completed courses, certifications, etc.

On the digital platform, I will provide information about my apiary, such as its name, type,
location, and number of hives.

On the digital platform, | will provide information about the honey produced in my apiary, its
types and quality, purchasing options, etc.

On the digital platform, | will provide information about the practices used in my apiary, such
as honey harvesting, bee feeding, bee disease treatment, etc.

I may have apprehensions about using the digital platform
Using the digital platform may be difficult for me
I may avoid using the digital platform because digital technologies are unfamiliar to me

I may have apprehensions about using the digital platform due to the fear of making
mistakes that cannot be corrected

Using the digital platform can increase the profitability of the apiary

Using the digital platform can help gain a competitive advantage

Using the digital platform can enable an increase in customer loyalty

l'intend to use the digital platform in relations with customers

I am willing to use the digital platform in relations with customers

I will recommend other beekeepers to use the digital platform in relations with customers

| believe that | should use the digital platform in relations with customers

Source

Venkatesh et al. (2003, 2012)
Ronaghi & Forouharfar
(2020)

Giuaetal. (2022)

Venkatesh et al. (2003, 2012)
Camilleri (2019)

Fuetal. (2017)
Ziemba et al. (2026)

Venkatesh et al. (2003)
Camilleri (2019)
Ammann et al. (2022)

Dong et al., 2023
Marzi et al. (2023)

Venkatesh et al. (2003)
Marzi et al. (2023)

The survey used a five-point Likert scale to capture respondents’ opinions. Participants rated their agreement with each statement

on a scale from 1to 5, where: 1 - strongly disagree, 2 - disagree, 3 - neither agree nor disagree, 4 — agree, 5 - strongly agree.

DOI: 10.34659/€is.2026.96.1.1284



ECONOMICS AND ENVIRONMENT 1(96) = 2026 7

The measurement items were validated in two steps. In the first step, three apiculture experts
reviewed the questionnaire items for clarity and conciseness. In the second step, based on their feed-
back, ambiguous items were revised, and a pre-test was conducted with 20 beekeepers. Following the
pre-test, further refinements were made to the wording of the questions to improve clarity and com-
prehension.

Research sample and data collection

The study sample comprised beekeepers in Poland. Between August and October 2024, partici-
pants were recruited through a survey distributed by beekeeping associations, both in electronic
form (via Google Forms) and paper format. Only fully completed paper questionnaires were manually
entered into the Google Forms system; incomplete paper responses were excluded initially and not
digitized.

Participants were informed that participation was voluntary, anonymous, and confidential, with
all responses protected accordingly. The questionnaire did not collect personal identifiers, such as
names or email addresses, which ensured anonymity. Completing the questionnaire took approxi-
mately 20 minutes per respondent.

A total of 1,120 responses were initially collected across both distribution formats. However,
incomplete responses were excluded from the final analysis. Ultimately, the sample included 949
beekeepers, with a strong male predominance (84.8%). This gender imbalance reflects global trends
in the apiculture sector, where men significantly outnumber women. As Guiné et al. (2021) noted, the
typical male-to-female ratio among beekeepers worldwide is approximately 3:1, consistent with our
findings. The largest age group was 41-50 (34.2%), followed by 51-60 (25.0%). Most respondents
had 6-10 years (36.6%) or 11-20 years (28.3%) of beekeeping experience. While 76.8% had not
received formal apicultural education, 63.9% reported acquiring knowledge through informal means.
In terms of general education, vocational training was the most frequently reported level (44.6%),
followed by secondary (24.8%) and higher education (22.1%). Additionally, 19.1% of respondents
reported receiving awards in the field of apiculture, and 61.5% were members of beekeeping associ-
ations. Most respondents managed apiaries of up to 80 beehives (75.3%), a group that in the Polish
beekeeping context generally includes small-scale and semi-commercial operations, whereas 24.7%
represented larger commercial apiaries. Therefore, the findings primarily reflect the adoption inten-
tions of beekeepers operating small- and medium-scale apiaries rather than large commercial units.

Data analysis

To address the research aims and examine hypotheses concerning the relationships among mul-
tiple variables, including latent constructs, structural equation modeling (SEM) was employed. SEM
enables the analysis of linear relationships between observed and latent variables within theoreti-
cally grounded models (Harring et al., 2015). Among the two primary SEM approaches - covari-
ance-based SEM (CB-SEM) and partial least squares SEM (PLS-SEM) - the latter was selected for this
study.

PLS-SEM is particularly suitable for exploratory and predictive research, as it focuses on maxi-
mizing the explained variance in endogenous latent constructs and can model complex cause-and-
effect relationships (Hair et al., 2022). This method was considered appropriate given the emergent
nature of the research domain, which focuses on the adoption of digital technologies in beekeeping
- a field that remains underdeveloped both theoretically and practically. Existing theoretical models
offer limited insights into the determinants of digital technology adoption in this context, and empir-
ical evidence is also scarce. Recent studies by Verbeke et al. (2024) and Karmanska et al. (2025)
report that only 21-29% of beekeepers have adopted digital tools and applications in their apiary
operations, indicating a notable gap between technological potential and real-world implementation.
Consequently, identifying and analyzing the factors influencing the adoption of digital technologies
requires a flexible, exploratory analytical approach, further justifying the use of PLS-SEM.

The choice of PLS-SEM is also supported by its growing application in research on technology
adoption across the food and agricultural sectors. For example, Dong et al. (2023) examined how
digitalization impacts supply chain elements, such as integration, communication, operations, and
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distribution, and their effects on corporate profitability and sustainability. Similarly, Ornelas Herrera
et al. (2025) explored the key factors influencing blockchain adoption among beekeepers.

This study conducted the PLS-SEM analysis using SmartPLS 4, which facilitates comprehensive
model specification, validation, and assessment. A resampling procedure was implemented using
bootstrapping with 5,000 subsamples, as recommended by Ringle et al. (2024), to evaluate the statis-
tical significance of path coefficients and construct relationships.

Results of the research

Evaluation of the measurement model

Before evaluating the structural relationships among constructs, it is essential to rigorously
assess the measurement model to ensure the reliability, validity, and accuracy of the construct meas-
ures. This preliminary step is critical to confirm that the indicators appropriately represent their
respective latent variables, thereby providing a sound foundation for hypothesis testing.

Following Hair et al’s (2022) recommendations, the evaluation was conducted in two sequential
stages. First, the measurement model was thoroughly assessed, focusing on the relationships between
observed indicators and their underlying constructs. This included examining outer loadings, inter-
nal consistency reliability, convergent validity, discriminant validity, and potential collinearity issues.
Second, the structural model was evaluated to analyze the hypothesized relationships among latent
constructs upon establishing that the measurement model met the required psychometric standards.

Reflective measurement constructs were evaluated according to standard procedures for assess-
ing indicator reliability, internal consistency, and convergent validity (Hair et al., 2022). In line with
these guidelines, indicator loadings above 0.70 indicate that the underlying latent construct explains
more than 50% of the variance in the observed variable. However, loadings between 0.40 and 0.70 in
exploratory research may still be acceptable if other reliability and validity metrics - such as compos-
ite reliability (CR) and average variance extracted (AVE) - meet the recommended thresholds.

All indicator loadings met or approached the 0.70 benchmark. One item (EE4: “Using the digital
platform in relations with customers will be flexible”) was removed due to a low outer loading, which
did not meet the minimum acceptable level. All remaining indicators demonstrated acceptable item
reliability, supporting the adequacy of the reflective measurement model.

Internal consistency reliability was assessed using Cronbach’s alpha and CR, while convergent
validity was evaluated by AVE, as presented in Table 2. For exploratory research, Cronbach’s alpha
values above 0.60 are generally considered acceptable, although values exceeding 0.70 are preferred
(Hair et al., 2022). Composite reliability values above 0.70 indicate robust internal consistency, and
AVE values above 0.50 confirm that the construct explains more variance than is attributed to meas-
urement error (Fornell & Larcker, 1981).

According to Table 2, all constructs demonstrated acceptable composite reliability, with values
ranging from 0.781 (EE) to 0.847 (FC), exceeding the 0.70 threshold. AVE values for all constructs
also exceeded the 0.50 cutoff, indicating sufficient convergent validity. While Cronbach’s alpha values
for Effort Expectancy (EE) and Strategic Benefits (SB) were slightly below the conventional threshold
of 0.70 (0.581 and 0.588, respectively), they remained above 0.58. Given that both constructs also
exhibited adequate CR (>0.78) and AVE (>0.54), their inclusion in the model remains justified within
an exploratory framework. Moreover, Cronbach’s alpha is known to underestimate reliability in mod-
els with a small number of items or heterogeneous indicators; thus, greater emphasis was placed on
CR, which demonstrated consistent reliability across all constructs.

To evaluate discriminant validity, the Fornell-Larcker (1981) criterion was applied by comparing
the square root of the average variance extracted (AVE) for each latent construct to its correlations
with other constructs. This criterion establishes discriminant validity when a construct’s AVE square
root is greater than its highest correlation with any other construct in the model. As shown in Table
3, this condition is satisfied for all constructs in the model. The diagonal elements, representing the
square root of each construct’s AVE (e.g., 0.714 for BI, 0.738 for EE, 0.762 for FC), are consistently
higher than the off-diagonal inter-construct correlations. These results confirm that each latent con-
struct shares more variance with its indicators than any other construct, indicating satisfactory dis-
criminant validity.
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Construct reliability and validity

Construct Cronbach's alpha Composite reliability AVE
PE 0.704 0.819 0.530
EE 0.581 0.781 0.544
IS 0.685 0.809 0.514
FC 0.759 0.847 0.580
SB 0.588 0.784 0.548
BI 0.679 0.806 0.510

Additionally, the heterotrait-monotrait ratio of correlations (HTMT) was examined to provide a
more stringent discriminant validity assessment (Hair et al., 2022). While some HTMT values slightly
exceed the conservative threshold of 0.85 for certain construct pairs, this does not automatically
indicate a lack of discriminant validity. Given the study’s exploratory nature and the conceptual prox-
imity between some constructs, such as performance expectancy and information sharing, these ele-
vated HTMT values are theoretically justifiable. Moreover, since the Fornell-Larcker criterion is fully
met and all constructs demonstrate acceptable convergent validity, the measurement model is con-
sidered adequate for proceeding with the structural model analysis.

Fornell-Larcker discriminant validity

Construct BI EE FC IS PE SB
BI 0.714

EE 0.557 0.738

FC 0.171 -0.091 0.762

IS 0.655 0.501 -0.233 0.717

PE 0.709 0.577 -0.205 0.682 0.728

SB 0.656 0.524 -0.271 0.671 0.726 0.740

The variance inflation factor (VIF) values were examined to assess potential common method
bias and collinearity among indicators. According to Hair et al. (2019), VIF values below 3 indicate an
acceptable level of multicollinearity. In the present study, all VIF values were well below this thresh-
old, with the highest value under 1.6, suggesting minimal collinearity and a low risk of common
method bias.

In summary, the results of the measurement model evaluation confirm that the constructs
demonstrate adequate reliability, convergent validity, and discriminant validity. Moreover, no sub-
stantial collinearity issues were detected. Collectively, these findings indicate that the measurement
model is well-specified and suitable for proceeding with the structural model analysis.

Evaluation of the structural model

After confirming the measurement model’s reliability and validity, the structural model was
assessed to examine the hypothesized relationships among the latent constructs. The evaluation
focused on assessing collinearity, the significance and strength of the structural paths, explained vari-
ance (R?), effect sizes (f?), and moderating effects (Hair et al., 2022). A bootstrapping procedure with
5,000 subsamples was used to test the significance of the relationships. Figure 1 illustrates the final
structural model, including standardized path coefficients and observed indicators.

Before evaluating the path relationships, multicollinearity among the predictor constructs was
assessed using VIF values. All VIF values were well below the recommended threshold of 3.3 (Hair et
al,, 2022), indicating that collinearity was not an issue and the path estimates could be interpreted
with confidence.
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Figure 1. Structural equation model illustrating the determinants of beekeepers’ behavioral intention to adopt a
digital platform

Table 4 presents the standardized path coefficients (3), corresponding p-values, and effect sizes
(f*) for all hypothesized relationships. According to Hair et al. (2022), f% values of 0.02, 0.15, and 0.35
indicate small, medium, and large effects, respectively, of an exogenous construct on an endogenous
construct. We found statistical support for four of the five hypothesized direct effects:

» Performance Expectancy (PE) exhibited the strongest effect on Behavioral Intention (BI) (§ = 0.314,

p <0.001, f2=0.092), confirming H1 with a small to moderate effect;

+ Information Sharing (IS) significantly influenced BI (8 = 0.220, p < 0.001, f* = 0.056), confirming

H3, with a small to moderate effect;

+  Strategic Benefits (SB) positively predicted BI (8 = 0.193, p < 0.001, f* = 0.037), confirming H5,
with a small effect;
« Effort Expectancy (EE) also had a significant positive influence on BI (8 = 0.163, p < 0.001, f* =

0.041), supporting H2, with a small effect size;

« The path from Facilitating Conditions (FC) to BI was not significant (p = 0.014, p = 0.539, f =

0.000), and thus H4 was not supported.

Moderation analysis was conducted for Age and Experience through interaction terms. The mod-
erating effect of Age on the relationship between PE and BI (H6) was not statistically significant
(B = -0.057, p = 0.142, f2 = 0.004), suggesting that age does not alter this relationship. However,
Age significantly moderated the relationship between EE and BI (H7: 8 = 0.082, p = 0.019, f> = 0.009),
indicating that the influence of effort expectancy increases with age. This suggests that older bee-
keepers are more sensitive to ease-of-use factors in their behavioral intentions.

Experience moderated both key predictors. It strengthened the relationship between PE and BI
(H8: $=10.112, p < 0.001, f* = 0.018), suggesting that more experienced individuals are more respon-
sive to performance-related benefits of digital tools. Conversely, it weakened the relationship between
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EE and BI (H9: B =-0.100, p = 0.001, f> = 0.013), implying that experienced users are less influenced
by ease of use and more by outcomes.

Path coefficients and the results of the significance tests

H Path Coefficient p-value f2 Confirmed
H1 | Performance Expectancy (PE) - Behavioral Intention (BI) 0.314 <.001 0.092 Yes
H2 | Effort Expectancy (EE) - Behavioral Intention (BI) 0.163 <.001 0.041 Yes
H3  Information Sharing (IS) — Behavioral Intention (BI) 0.220 <.001 0.056 Yes
H4  Facilitating Conditions (FC) — Behavioral Intention (B) 0.014 0.539 0.000 No
H5 | Strategic Benefits (SB) — Behavioral Intention (BI) 0.193 <.001 0.037 Yes
H6 | Age x Performance Expectancy — Behavioral Intention (BI) -0.057 0.142 0.004 No
H7 | Age x Effort Expectancy — Behavioral Intention (BI) 0.082 0.019 0.009 Yes
H8 | Experience x 0.112 <001 0.018 Yes

Performance Expectancy (PE) — Behavioral Intention (BI)

H9  Experience x -0.100 0.001 0.013 Yes
Effort Expectancy (EE) - Behavioral Intention (BI)

Although the f? values for moderation effects are small, their significance and theoretical rele-
vance support the inclusion of demographic moderators in understanding technology adoption.

The structural model explained 60.5% of the variance in Behavioral Intention (R? = 0.605), which
is considered substantial in behavioral and social sciences (Hair et al., 2022). This demonstrates the
model’s strong explanatory power and confirms the relevance of the selected predictors in explaining
beekeepers’ intention to adopt digital technologies.

Research contribution

This study identifies key factors influencing beekeepers’ behavioral intention to adopt digital
platforms, using an extended UTAUT framework tailored to the apicultural context. The findings pro-
vide strong empirical support for performance expectancy, effort expectancy, willingness to share
information, and strategic benefits as drivers of behavioral intention, while also offering new insights
into the role of user characteristics such as age and experience.

Performance expectancy, defined as the belief that using a platform will improve productivity or
communication, was the most influential construct, confirming earlier findings from agricultural
research (Ronaghi & Forouharfar, 2020; Giua et al., 2022). In apiculture, however, this expectancy
includes not only efficiency but also enhanced product traceability, market access, and customer
trust. These broader expectations reflect the evolution of beekeeping into a competitive, market-fac-
ing activity. The significance of performance expectancy underscores the strategic potential of plat-
forms as tools for differentiation in increasingly regulated and consumer-conscious markets.

Effort expectancy was also confirmed, though it had a weaker effect than performance expec-
tancy. Consistent with previous studies (Ammann et al., 2022), this suggests that ease of use is impor-
tant but secondary to the perceived benefits of platform adoption. Notably, effort expectancy became
more influential for older beekeepers, highlighting the critical role of usability in age-segmented
digitalization strategies. At the same time, more experienced beekeepers relied less on ease of use
and more on performance outcomes.

The study validates willingness to share information as a construct central to behavioral inten-
tion to adopt the platform. Beekeepers who are open to disclosing traceability and process data show
a stronger intention to adopt digital tools. This confirms recent findings that transparency enhances
perceived platform value and trust, particularly in traceability-sensitive agri-food sectors (Fin-
lay-Smits et al.,, 2023). Unlike prior UTAUT studies focused on internal system benefits, this research
reveals that external communication, especially with consumers and certifiers, is a distinct motiva-
tional factor in the apicultural sector.
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Strategic benefits also emerged as a significant driver. Beekeepers who recognized long-term
advantages, such as improved brand reputation and market entry, reported a stronger intention to
adopt. This confirms the growing entrepreneurial mindset in apiculture and aligns with Marzi et al.
(2023), who highlight how digital technologies support strategic differentiation and value creation in
agri-food systems. Integrating this construct into UTAUT responds to calls for expanded models that
reflect business-oriented behavior in agriculture.

Facilitating conditions were not confirmed as significant in shaping behavioral intention. This
diverges from some previous studies (Giua et al., 2022) and suggests that infrastructure and support,
while important for system adoption, may not drive intention unless tied directly to perceived busi-
ness outcomes or regulatory pressures.

In terms of user characteristics, age and experience had opposite moderating effects. Age posi-
tively moderated the relationship between effort expectancy and behavioral intention, suggesting
older beekeepers are more sensitive to usability features. In contrast, experience negatively moder-
ated this relationship, indicating that seasoned users prioritize value and outcomes over system sim-
plicity. These nuanced findings reinforce the need for age- and experience-sensitive design and out-
reach.

Overall, the study confirms that UTAUT remains a robust explanatory framework but must be
extended with sector-relevant constructs, particularly in hybrid fields like apiculture that combine
ecological, artisanal, and commercial dimensions. The integration of strategic benefits and informa-
tion-sharing capacity enriches our understanding of digital platform adoption in traceability-focused
agri-food sectors.

Practical implications

The results offer clear direction for stakeholders, including developers, policymakers, and pro-
fessional associations, who are promoting digital platform adoption in apiculture.

First, given the centrality of performance expectancy and strategic benefits, platform developers
should emphasize business-enabling features. Marketing strategies should highlight how platforms
support premium pricing, consumer communication, and fraud protection. Tutorials, case studies, or
testimonials showing tangible economic returns could strengthen perceived usefulness and motivate
adoption.

Second, because information sharing significantly influences behavioral intention, digital literacy
training must extend beyond technical usage. Beekeepers should be educated on how transparency
creates brand value and consumer trust. Training should include practical exercises on using QR
codes, uploading traceability data, and communicating environmental indicators. These actions posi-
tion information sharing not as a regulatory burden but as a marketing tool.

To support this, platforms should offer pre-designed communication templates, traceability
dashboards, and modules for customer engagement. Integrating such features helps beekeepers con-
vert operational data into storytelling assets. Developers should also design user interfaces that are
not only easy to navigate but also promote confidence in data governance, addressing known con-
cerns about ownership, privacy, and clarity of purpose.

Third, user segmentation is essential. Older beekeepers, more reliant on effort expectancy, bene-
fit from simplified interfaces and hands-on onboarding. In contrast, experienced users, who focus on
performance and strategic value, may seek advanced analytics, marketing integrations, and certifica-
tion modules. Platforms that provide tiered functionality can better serve this diversity of needs.

Policymakers can also play a role. Incentive programs should prioritize platforms that enhance
transparency and market access. Public funding could support collaborative adoption models, such
as beekeeper cooperatives jointly investing in traceability tools or certification-ready infrastructure.
This approach distributes costs and fosters community-based trust in digital systems.

Beekeeper associations can facilitate adoption through peer learning, awareness campaigns, and
technical support. As trusted intermediaries, they are ideally placed to foster cultural acceptance of
digital tools in a sector traditionally grounded in craftsmanship and ecological values.
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Conclusions

This study examined the factors influencing beekeepers’ intention to adopt digital platforms,
using an extended UTAUT model. The results confirm that performance expectancy, effort expec-
tancy, willingness to share information, and strategic benefits are critical determinants of behavioral
intention to adopt a digital platform, while facilitating conditions were not significant. The model also
revealed that age and experience moderate the relationships leading to behavioral intention in oppo-
site ways, underscoring the need for differentiated digitalization strategies.

The research offers three core contributions. Theoretically, it expands UTAUT by integrating con-
structs that reflect the commercial and communicative nature of modern apiculture. Strategically, it
reframes platform adoption as a value-creating activity tied to branding and traceability. Practically,
it provides a roadmap for user-centered platform design and policy support.

These insights are particularly relevant as digital transparency becomes a market standard in
agri-food systems. In apiculture, where ecological fragility and consumer scrutiny are high, platform
adoption is more than a technical challenge. It is a cultural and strategic transformation.

That said, this study has limitations. It was conducted solely in Poland, where apiaries are pre-
dominantly small, often family-run businesses. These structural characteristics may affect how plat-
forms are evaluated and implemented. Future research should examine how platform adoption var-
ies across countries with different regulatory frameworks, market pressures, and scales of beekeep-
ing operations. Moreover, longitudinal studies could explore how digital platforms reshape stake-
holder relationships over time, shifting from single-use traceability tools to dynamic ecosystems of
trust, value co-creation, and digital branding.

In conclusion, the digital future of apiculture depends not just on technology’s capabilities but
also on its alignment with the strategic priorities and transparency needs of modern beekeepers.
Platforms that meet these expectations will not only be adopted but will redefine how honey is pro-
duced, communicated, and trusted in the global food system.
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Ewa Wanda MARUSZEWSKA = Ewa Wanda ZIEMBA = Anna KARMANSKA

CZYNNIKI KSZTALTUJACE INTENCJE WDROZENIA PLATFORM CYFROWYCH
PRZEZ PSZCZELARZY

STRESZCZENIE: Branza pszczelarska stoi przed wieloma wyzwaniami, takimi jak fatszowanie miodu, presja rynkowa, rosngce
wymagania dotyczace identyfikowalnosci oraz fragmentaryczna komunikacja miedzy interesariuszami. Rozwigzania cyfrowe
moga wspierac przejrzystosc rynku, lecz same w sobie nie eliminujg naduzy¢ bez spéjnych regulacji prawnych i metod analitycz-
nych stuzacych weryfikacji autentycznosci produktu. Celem badania byto zbadanie intencji pszczelarzy dotyczacych wdrozenia
platformy cyfrowej stuzacej do $ledzenia pochodzenia miodu i wspomagania komunikacji z klientami. W badaniu zastosowano
zunifikowang teorie akceptacji i wykorzystania technologii (UTAUT), analizujac intencje behawioralne poprzez oczekiwang
wydajnosé, oczekiwany wysitek i sprzyjajace warunki. Model rozszerzono o korzysci strategiczne zwigzane z dziatalnoscia
pasieki oraz gotowos¢ pszczelarzy do dzielenia sie informacjami. Badanie ankietowe przeprowadzono wsréd polskich pszczela-
rzy w okresie od sierpnia do paZdziernika 2024 r. (n = 949), a do testowania hipotez wykorzystano modelowanie réwnan struktu-
ralnych metodg czastkowych najmniejszych kwadratéw. Wyniki potwierdzajg, ze oczekiwana wydajnosé, oczekiwany wysitek,
che¢ dzielenia sie informacjami i korzysci strategiczne istotnie wptywaja na intencje wdrozenia platformy cyfrowej. Oznacza to,
Ze przy promowaniu rozwigzan cyfrowych w pszczelarstwie twércy platform i decydenci powinni podkreslaé korzysci ekono-
miczne i znaczenie skutecznych narzedzi komunikacji.

StOWA KLUCZOWE: pszczelarstwo, behawioralna intencja, adopcja platform cyfrowych, systemy informacyjne, taricuch
warto$ci miodu
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