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ARTICLE INFO ABSTRACT

Article history: Smart agriculture, as an innovative approach, offers great potential for enhancing
Received: 12 February 2026 sustainability, increasing productivity, and improving the quality of agricultural products.
Revised: 10 August 2026 However, the effective and widespread adoption of new technologies in this field requires
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these innovations. Accordingly, this study focuses on the importance of smart agriculture
as a sustainable solution and examines the key factors influencing farmers” adoption of
new technologies. The statistical population of the study consisted of managers, experts,
and specialists in the field of smart agriculture in Tehran and Alborz provinces. One

Keywords: method for determining the minimum sample size is based on the ratio of the number of
Infrastructure factors. sample members to the number of questions in the research model or theory (N), for which
Perceived usefulness the minimum ratio was proposed by Jackson. Based on the 44 questionnaire items, the
Smart agricultural required sample size for this study was estimated to be 440 participants. The questionnaire
Technology adoption was used as the main instrument for data collection in this study. The research model was
Theory of reasoned action tested using the Partial Least Squares (PLS) method with SmartPLS 3 software. The results

of the data analysis indicated that the proposed research model confirmed the influence of
psychological, technological, and infrastructural factors on the intention to adopt smart
agriculture technologies, considering the mediating roles of perceived ease of use,
perceived usefulness, and attitude toward adopting these technologies. According to the
findings, infrastructural factors had the greatest impact on perceived ease of use and
perceived usefulness, while perceived ease of use had the strongest effect on the attitude
toward adopting smart agriculture technologies. The study reveals that psychological,
technological, and infrastructural factors exert positive and significant influences on the
intention to adopt smart agriculture technologies through perceived ease of use, perceived
usefulness, and attitude toward adoption as mediating variables.

1. Introduction

Smart agriculture is a cyber-physical technology in which intelligent technologies serve as the main control components
of the farm. The concept of smart agriculture refers to all management practices that employ artificial intelligence,
machine learning, data-driven approaches, and emerging technologies to ensure the quality and quantity of agricultural
products (Mana et al., 2024). The Technology Acceptance Model (TAM), developed by Davis in 1986 and 1989, is used
to explain an individual’s intention to use a particular technology. This model is grounded in the Theory of Reasoned
Action (TRA), which explains how beliefs influence specific behaviors. In TAM, the beliefs affecting technology
acceptance are conceptualized through the constructs of Perceived Ease of Use (PEOU) and Perceived Usefulness (PU).
The model proposes that these perceptions influence an individual’s attitude toward using the technology, which in turn
affects behavioral intention (Asgarnezhad Nouri & Mola Ghalghachi, 2024). According to Davis’s model, the key factors
influencing the adoption of smart agricultural technologies can be categorized into psychological, technological, and
infrastructural factors. Psychological factors, including behavioral attitude, social norms, perceived behavioral control,
and perceived enjoyment, may reflect an individual’s willingness to adopt technology. On the other hand, technological
factors, encompassing compatibility, relative advantage, and perceived benefits, play a critical role in innovation adoption.
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Finally, infrastructural factors, such as access to the Internet and government support policies for promoting the use of
modern agricultural technologies, have a significant impact on technology acceptance. Hence, based on the above
descriptions, this study aims to examine how the intention to adopt smart agricultural technologies can be enhanced
through psychological, technological, and infrastructural factors, with emphasis on the mediating roles of perceived ease
of use, perceived usefulness, and attitude toward adopting smart agricultural technologies.

2. Methodology

The statistical population of this study consisted of managers, experts, and specialists active in the field of smart
agriculture in Tehran and Alborz provinces. The first group comprised organizational managers and experts working in
institutions and agencies responsible for agricultural affairs. The second group consisted of entrepreneurs engaged in the
agricultural sector, as well as exemplary and experienced farmers. This study employed a stratified random sampling
method. One approach to determining the minimum sample size is the N:q ratio rule, which represents the ratio of the
number of sample members to the number of items in the research model. According to Jackson (2003), the recommended
minimum ratio is 10:1. Based on the number of questionnaire items, the required sample size was estimated to be 440
participants. Finally, the collected data were analyzed using SmartPLS version 3 software.

3. Results

In the structural equation modeling (SEM) approach, the assessment of the measurement model’s goodness of fit is based
on a set of indices that include the evaluation of validity (construct, convergent, and discriminant) and reliability, which
are measured through composite reliability (CR) and Cronbach’s alpha coefficient. Within this framework, construct
validity was assessed using confirmatory factor analysis (CFA), and the results indicated that all observed variables had
satisfactory factor loadings, each exceeding 0.4. To evaluate convergent validity, the Average Variance Extracted (AVE)
criterion was applied, with a desirable threshold of greater than 0.5. Regarding questionnaire reliability, two indices—
Cronbach’s alpha and composite reliability—were employed, and the values obtained for both indices were above 0.7,
indicating satisfactory reliability. For the assessment of discriminant validity, the Fornell-Larcker criterion was utilized,
and the results confirmed that the constructs demonstrated satisfactory discriminant validity. Finally, in the structural
model assessment, based on the model outputs, including path coefficients, the coefficient of determination (R?), factor
loadings, and t-values, the findings revealed that all proposed hypotheses in the study were supported.

4, Conclusion

The present study was conducted to examine the factors influencing the adoption of smart agricultural technologies. The
results of the data analysis confirmed the conceptual model and the proposed hypotheses. The findings related to the first
and second hypotheses indicated that psychological factors had positive and significant effects on perceived ease of use
and perceived usefulness. A positive behavioral attitude among farmers—arising from their favorable evaluation of the
convenience and effectiveness of technology—enhances their perceptions of its ease of use and usefulness. Furthermore,
social norms, through peer learning and endorsement by reference groups, exert both tangible and intangible pressures
that promote conformity and shape attitudes based on social expectations. Consequently, these norms lead farmers to
perceive the technology as easier to use and more beneficial. Finally, perceived behavioral control and perceived
enjoyment also reflect farmers’ perceptions of the ease of use and usefulness of adopting smart agricultural technologies.
Based on the analysis of the third and fourth hypotheses, it was found that technological factors have positive relationships
with perceived ease of use and perceived usefulness. This finding indicates that the compatibility of technology with
farmers’ existing values, practices, and needs enables these technologies to fit within their current experiences and work
routines, ensuring a high degree of alignment. The relative advantage factor, defined as the perception of a technology’s
superiority over existing alternatives, exerts a direct influence on adoption. Similarly, perceived benefits, which
encompass the anticipated positive outcomes of using the technology, have a direct impact on farmers’ assessments of
the ease of use and usefulness of smart agricultural technologies. On the other hand, the analysis of the fifth and sixth
hypotheses confirmed that infrastructural factors have positive effects on perceived ease of use and perceived usefulness.
In this regard, Internet access plays a significant role by facilitating access to diverse information, reducing related
challenges, and improving farmers’ position within the supply chain, thereby enhancing the convenience of acquiring and
using these technologies. Furthermore, government policies, such as extension efforts, the organization of relevant
training programs, and the implementation of subsidy mechanisms, play a crucial role in guiding farmers’ behavior, which
directly influences their perceptions of the ease of use and usefulness of these technologies. Additionally, based on the
analysis of the seventh and eighth hypotheses, it was found that perceived ease of use and perceived usefulness have
positive effects on attitudes toward adopting smart agricultural technologies, and that attitude, in turn, exerts a positive
influence on the intention to adopt such technologies.
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