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ABSTRACT 

The adoption of Internet of Things (IoT) technology in agricultural settings has the potential to revolutionize 

conventional farming techniques by improving efficiency, productivity, and sustainability. This study explores 

awareness, perceived operational benefits, and critical adoption barriers among smallholder paddy planters in 

Kedah, Malaysia—the nation's "Rice Bowl." Grounded in the Technology Acceptance Model (TAM), this research 

utilizes an exploratory qualitative case study design. Semi-structured interviews were conducted with four key 

informants in the Yan district of Kedah, systematically selected via purposive sampling to span a spectrum of 

adoption: a traditionalist non-adopter, two partial-adopter renters, and an advanced technology owner. The thematic 

analysis reveals that while awareness is growing, it is heavily anchored in a narrow "drone-only perception" that 

obscures the utility of other passive IoT solutions (e.g., soil sensors, automated irrigation). Although farmers 

recognize substantial benefits—such as rapid pesticide spraying (reducing time from a full day to 3 hours), 

operational efficiency, and minimized chemical exposure—behavioral intention to adopt is severely constrained. 

Critical barriers include high capital costs, technical knowledge deficits, rural internet dropouts, and cultural 

resistance to change. Additionally, this study critically engages with TAM's limitations in rural contexts and 

highlights the critical role of social influence and peer networks in adoption. Specific policy recommendations are 

proposed with execution timelines and agency responsibilities to bridge the rural digital divide. 

Keywords— Internet of Things (IoT), Technology Acceptance Model (TAM), Paddy Farming, Social Influence, 

Rural Digital Divide. 

INTRODUCTION 

Agricultural Internet of Things (IoT) represents an interconnected network of physical devices, environmental 

sensors, production equipment, and animal-plant systems linked to the internet to facilitate real-time information 

interaction and communication [24]. The primary objective of agricultural IoT is to establish an intelligent 

framework for identifying, positioning, tracking, monitoring, and managing agricultural activities through human-

machine-thing interconnection [34]. In rice-producing economies like Malaysia, smart farming technologies, 

including soil moisture sensors, weather stations, and Unmanned Aerial Vehicles (UAVs/drones), have 

demonstrated vast potential to optimize resource allocation, enhance crop health, and boost yield productivity [6]. 

Despite these transformative prospects, the overall level of technology acceptance among paddy planters remains 

low, primarily due to severe knowledge gaps regarding the practical functionalities and financial benefits of IoT 

[6]. Many traditional farmers are unfamiliar with the concept of smart farming, and this digital gap is further 

compounded by the scarcity of specialized training and informational extension services in rural regions [40]. In 

Malaysia, the state of Kedah known as the "Rice Bowl of Malaysia" plays a central role in national food security 

[4]. Bridging the digital divide and understanding the socio-technical factors influencing technology acceptance 

among these rural smallholders is critical to achieving sustainable food production. Crucially, in close-knit rural 

agricultural communities, technology acceptance is not merely an individual cognitive choice but is deeply 

embedded within community peer networks and collective social systems. Social norms, generational practices, 

and peer influence represent powerful determinants of behavioral intention that traditional acceptance models often 

overlook. 
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Problem Statement 

The lack of standardized frameworks, system interoperability, and empirical research on localized technology 

adoption limits the capacity to build resilient IoT infrastructures tailored to rural smallholders [24]. While several 

quantitative studies evaluate agricultural innovations in major commercial plantations, there is a prominent research 

gap concerning the behavioral intention and specific barriers faced by independent paddy planters [38]. Paddy 

farmers in rural Kedah operate in highly location-specific and capital-constrained environments [4]. Without an in-

depth exploration of their baseline knowledge, perceived operational usefulness, and structural constraints such as 

financial limitations and inadequate rural network connectivity policymakers and technology developers cannot 

design effective support mechanisms to encourage smart farming [26]. 

Research Questions and Objectives 

This study systematically addresses three core research questions: (1) What is the level of awareness among paddy 

planters in Kedah regarding IoT technologies? (2) What are the perceived benefits of adopting IoT technologies in 

their farming operations? (3) What are the main barriers hindering paddy planters from adopting these innovations? 

Correspondingly, the research aims to achieve three key objectives: to explore the baseline acceptance of 

agricultural technologies, to evaluate the perceived operational benefits and occupational concerns of planters, and 

to diagnose the structural, economic, and technical barriers to IoT adoption in paddy farming. 

Significance of the Study 

The findings of this research provide crucial empirical reference for Malaysian agricultural agencies, such as the 

Malaysian Agricultural Research and Development Institute (MARDI) and the Ministry of Agriculture and Food 

Security (KPKM), to design targeted training and capacity-building workshops [28]. By understanding how rural 

farmers perceive and interact with smart tools, extension services can be structured to mitigate technical fears and 

build self-efficacy [41]. Additionally, this study informs technology developers about the necessity of cost-

effective, durable, and localized IoT solutions, supporting Malaysia's progressive transition toward digitalized 

precision agriculture. 

LITERATURE REVIEW 

Paddy cultivation in Kedah represents the cornerstone of Malaysia's domestic rice supply and national food security 

[4]. Historically, the sector has been highly dependent on traditional manual labor and generational practices [6]. 

However, modern agricultural developments demand a strategic shift toward smart farming, where IoT-enabled 

devices serve to monitor environmental variables, regulate automated irrigation, and facilitate disease detection [8]. 

According to recent research, the integration of real-time crop monitoring systems can safeguard seedlings, 

optimize pesticide applications, and improve water efficiency, substantially minimizing financial and resource 

waste [9]. 

Agricultural Internet of Things and Smart Farming 

Agricultural IoT operates through a multi-tier architecture consisting of perception nodes (sensors), network 

transmission protocols, and application dashboards [13]. In rice farming, recent applications include soil moisture 

probes, water level sensors, and time-series UAV imaging to assess crop development stages and manage variable 

irrigation [2]. In Malaysia, the deployment of smart farming is heavily supported by national precision agriculture 

initiatives to double crop yields and improve smallholder livelihoods [46]. Early adopters have shown that the use 

of smart objects helps automate labor-intensive spraying and fertilization tasks, enhancing productivity and crop 

quality [3]. 

Theoretical Framework: Technology Acceptance Model (TAM) 

This study is theoretically grounded in the Technology Acceptance Model (TAM) developed by Fred Davis (1989), 

which represents the most widely validated framework for predicting behavioral intention to adopt new technology. 

According to TAM, technology acceptance is primarily driven by two cognitive appraisals: Perceived Usefulness 
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(PU) and Perceived Ease of Use (PEOU) [44]. In the agricultural context, Perceived Usefulness is defined as the 

farmer's belief that using a specific technological tool (such as a drone or soil sensor) will improve their operational 

performance, crop yield, and farm profitability [25]. Perceived Ease of Use refers to the degree to which a farmer 

believes that learning, implementing, and interacting with the agricultural technology will be free of cognitive and 

physical effort [42]. TAM posits that PEOU directly influences PU, and both constructs collectively shape the user's 

positive attitude, behavioral intention, and actual adoption of the technology. 

TAM's Limitations in Agricultural Contexts 

While Davis's (1989) TAM is highly robust in predicting software and systems adoption in corporate or voluntary 

administrative settings, it exhibits significant limitations when applied directly to smallholder agriculture. Standard 

TAM operates under the assumption of individual, resource-unconstrained decision-making where cognitive 

appraisals are the primary bottlenecks. However, in smallholder rice farming, agricultural technology acceptance 

is heavily bound by severe non-cognitive external variables [15]. These include absolute financial capital 

constraints, unpredictable weather patterns, geographical infrastructure deficits (e.g., lack of rural broadband), and 

varying degrees of basic technical literacy among an aging demographic [40]. Consequently, a farmer may possess 

a highly positive cognitive appraisal of an IoT tool's usefulness (PU) and perceive it as easy to use after initial 

training (PEOU), yet remain completely unable to translate this intention into actual adoption due to external 

environmental and economic barriers [26]. TAM must therefore be critically integrated with contextual frameworks 

such as the Technology-Organization-Environment (TOE) model or unified theories that account for facilitating 

conditions to realistically capture rural smart farming dynamics. 

Theoretical Analysis of the "Drone-Only Perception" 

A critical qualitative finding in this study is the presence of a strong "drone-only perception" among rural paddy 

planters, where the conceptual scope of "agricultural IoT" is narrowed exclusively to unmanned aerial vehicles 

(UAVs) for spraying. This phenomenon can be explained theoretically through cognitive schema theory and 

experiential anchoring [17]. Drones are physically prominent, highly active, and visually dramatic technologies 

that fly over fields, creating an immediate, highly observable impact (such as completing pesticide application on 

10 acres in 3 hours). Conversely, other essential agricultural IoT technologies such as sub-surface soil moisture 

sensors, automated water level gates, and cloud-linked weather monitoring stations are passive, non-visible, or 

physically unobtrusive data-gathering devices. Because smallholder planters lack exposure to comprehensive, data-

driven precision farming, they anchor their understanding of smart technology on visible machinery [39]. This 

narrow cognitive anchor creates a major barrier to broader IoT acceptance, as farmers fail to recognize the utility 

of data-driven insights, focusing instead on manual-task automation tools like drones. Bridging this gap requires a 

shift in informational campaigns to highlight "invisible" data-driven technological benefits. 

Social Influence and Community Peer Networks 

Rural agricultural communities in Kedah, Malaysia, are characterized by collectivist social structures and high 

cultural interdependence. Consequently, adoption decisions do not occur in a cognitive vacuum, they are heavily 

moderated by Subjective Norms (from the Theory of Planned Behavior) and Social Influence (from the UTAUT 

model) [23]. Peer networks act as critical information channels and trust-building mechanisms. Risk-averse 

smallholders rely on observational learning, seeing a progressive, respected community leader or successful 

neighboring farmer adopt a technology and achieve higher crop yields significantly mitigates technical fears and 

financial risk perception [15]. Conversely, individual early adopters may experience social friction or skepticism if 

they deviate from long-standing communal farming traditions, which are viewed as culturally safe and reliable [40]. 

Therefore, leveraging rural peer networks and progressive farmer advocates is essential for accelerating 

community-wide technology acceptance. 

Conceptual Framework 

Building upon the Technology Acceptance Model, this study adapts TAM to the specific socio-economic and 

structural context of Malaysian paddy planters. As illustrated in the original model [45], external variables, 

including financial resources, technical literacy, peer network social influence, and rural internet infrastructure, act 
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as core antecedents that shape farmers' perceived usefulness and ease of use. For rural planters, if a smart tool is 

perceived as prohibitively expensive or too complex to operate without extensive training, its perceived ease of use 

is heavily compromised, consequently diminishing the behavioral intention to adopt [26]. Conversely, if targeted 

support, such as government subsidies, peer-led workshops, and localized extension services, is provided, the 

cognitive appraisals of usefulness and ease of use are expected to rise, driving a systematic transition from 

traditional manual labor to digitalized precision farming [40]. 

RESEARCH METHODOLOGY 

To explore the nuanced, lived experiences and subjective views of rural farmers, this study adopted an exploratory 

qualitative case study research design [16]. Given the exploratory nature of the research questions and the need to 

understand the complex social, economic, and cultural realities of technology acceptance in a specific region, 

qualitative interviews provide rich, contextually grounded data that quantitative surveys fail to capture [20]. 

Purposive Sampling Strategy and Comparative Design 

The research was conducted in the Yan district of Kedah, Malaysia, a prominent agricultural zone heavily reliant 

on paddy cultivation. Purposive sampling was strategically utilized to identify and select key informants who fit 

specific inclusion criteria [14]. Rather than recruiting a homogeneous sample, the sampling strategy was 

intentionally designed to span a spectrum of technological adoption and operational experience to enable a 

comparative qualitative analysis. The purposive sampling matrix selected four distinct key informants: (1) a 

traditional traditionalist relying on manual labor, (2) two partial adopters who lease drone spraying services but do 

not own equipment and (3) an advanced technology owner who owns and operates drone equipment independently. 

This structured diversity ensures a comprehensive cross-sectional comparison of technology perceptions, cognitive 

appraisals, and structural barriers. Rather than predetermining the sample size, the data saturation principle was 

applied semi-structured interviews were conducted sequentially until no new thematic patterns, operational 

benefits, or barriers emerged from the transcripts. 

Data Collection and Methodological Triangulation 

Primary data were gathered through semi-structured interviews conducted between September 30, 2024, and 

December 17, 2024. A meticulously prepared interview guide, comprising open-ended questions, was used as the 

primary research instrument, focusing on current farming practices, baseline awareness of agricultural IoT, 

perceived operational benefits, and major barriers to adoption. Interviews lasted between 30 minutes and 2 hours, 

conducted in-person or via digital communication platforms to accommodate scheduling preferences. To ensure 

validity and mitigate subjective bias, interview findings were triangulated with: (1) field observations recorded 

during on-site visits (2) document analysis of local agricultural reports and guidelines and (3) participant profiles 

[20]. To overcome the generalizability limitations of this qualitative case study, future research designs should 

implement formal methodological triangulation by combining qualitative case studies with large-scale quantitative 

surveys (mixed-methods) to statistically validate these exploratory findings across the broader population of Kedah 

paddy planters. 

Data Processing and Thematic Analysis 

The audio recordings were transcribed verbatim from Malay to text between November 25 and November 30, 2024. 

Electronic transcripts were organized and safely stored using a password-protected file management system. Data 

analysis commenced in December 2024 and was completed in January 2025. Due to the textual nature of the data 

and the emphasis on deep conceptual coding, the researcher conducted manual thematic analysis using Microsoft 

Word and Canva [33, 37]. Transcripts were read multiple times to ensure familiarity, followed by systematic line-

by-line coding. Codes were categorized by highlighting and color-coding to extract major themes and subthemes 

mapping to the three core research questions [30]. 

Research Quality and Ethical Considerations 

To ensure methodological rigor, credibility, and reliability, multiple verification measures were implemented [43].  
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Member checking was performed by sharing the transcribed text and preliminary findings with the participants to 

verify accuracy. A detailed audit trail was kept to document all methodological decisions, raw data, and analytical 

codes. Ethical clearance was obtained from the institutional review board of Universiti Teknikal Malaysia Melaka 

(UTeM). Before each interview, participants were fully briefed on the research objectives, their voluntary 

participation, and their right to withdraw at any point. Transcripts and reports were thoroughly pseudonymized to 

protect participants' privacy and confidentiality. 

FINDINGS 

This section presents the empirical findings derived from the qualitative thematic analysis, structured around the 

participant profiles and the three core themes of level of awareness, perceived benefits, and critical barriers to IoT 

adoption. 

Participant Profiles 

Four distinct key informants participated in the semi-structured interviews. To ensure academic transparency and 

protect participant confidentiality, pseudonyms are used throughout. The demographic and operational profiles of 

the participants are summarized in Table I. 

TABLE I PARTICIPANTS PROFILE 

Participants Age Experience (Years) Operation Status 

(P1) 54 30 Hire Drones 

(P2) 47 25 Manually Operated 

(P3) 23 29 Own Drones 

(P4) 23 11 Hire Drones 

 Level of IoT Awareness and Understanding 

The qualitative thematic analysis revealed a wide spectrum of awareness and conceptual understanding of the 

Internet of Things among the paddy planters. As detailed in Table II, the level of awareness was categorized into 

four subthemes: Zero Knowledge, Understanding of IoT, Limited Exposure, and Drone-Only Perception. 

TABLE II THEMATIC ANALYSIS ON THE LEVEL OF AWARENESS AND IOT UNDERSTANDING  

Sub-Theme Sources Coding References 

Zero Knowledge  1 1 

Understanding of IoT (Middle) 3 4 

Limited Exposure  2 4 

Drone-Only Perception  1 7 

Participant 1 represented a state of complete lack of knowledge, admitting that he had never heard of the Internet 

of Things concept before, asking: "What was that again? Internet of what?" However, upon conceptual explanation, 

he immediately correlated drones with IoT, demonstrating that rural smallholders often possess practical exposure 

to smart tools without recognizing them as part of the broader IoT framework. Participant 2 and Participant 4 

demonstrated a medium level of understanding, explaining that they had heard of the concept in simple contexts. 

Participant 4 noted: "In the context of farming, what I understand is that IoT refers to the use of smart devices 

connected to the internet to simplify tasks, such as drones for spraying pesticides and spreading fertilizers." 

Participant 3 indicated limited exposure, stating that while her father actively owned and operated a drone, the 

conceptual definitions of IoT were not widely expanded or explained in the local farming community, reinforcing 

the narrow conceptualization of agricultural technology. 

Perceived Benefits of IoT Adoption 

All four participants strongly agreed that implementing smart technologies like drones in paddy fields yields 

significant operational advantages, particularly in terms of operational efficiency (saving time and labor), 
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increasing crop productivity, and safeguarding health and safety. These thematic categories are summarized in 

Table III. 

TABLE III THEMATIC ANALYSIS ON PERCEIVED BENEFITS OF IOT ADOPTION 

Sub-Theme Sources Coding References 

Health and Safety  1 1 

Efficiency - Save Times 4 8 

Efficiency - Improved Crop Yield  4 6 

In terms of time efficiency, Participant 1 shared his experience renting spraying drones: "With the use of drones, 

the work becomes much faster. If using manual methods, it might take an entire day... With drones, a 10-acre area 

can be completed in just about 3 hours." Participant 3 confirmed this advantage, noting: "My father uses drones in 

his farming because it saves him a lot of time and makes the work of farmers easier." Furthermore, participants 

identified increased crop yield and financial profitability as significant benefits of precision agriculture. Participant 

1 noted: "The use of drones ensures that the pesticide is evenly applied, resulting in healthier crops and leading to 

an increase in income." Lastly, health and safety emerged as a vital operational benefit. Participant 1 highlighted 

that automating pesticide spraying safeguards human health by preventing direct contact and inhalation of toxic 

chemicals: "Our health is safeguarded because we only need to control the drone rather than doing the spraying 

ourselves... we are standing far from the chemical area." 

Critical Barriers to IoT Adoption 

Despite acknowledging the substantial benefits of smart farming, paddy planters highlighted critical barriers that 

restrict widespread technology acceptance. These challenges are categorized into five subthemes: high capital costs, 

technical knowledge deficits, hazardous concerns, cultural preferences for traditional methods, and infrastructure 

limitations, as outlined in Table IV. 

TABLE IV THEMATIC ANALYSIS ON BARRIERS TO IOT ADOPTION 

Sub-Theme Sources Coding References 

High Cost  4 12 

Low Technical Knowledge 3 5 

Hazardous Concerned 1 3 

Preference for Traditional Methods  1 5 

Infrastructure Challenges  2 3 

Financial cost emerged as the most dominant barrier, mentioned by all four participants. High initial capital, 

maintenance costs, and battery replacement expenses represent major economic strains. Participant 1 noted: 

"Currently, the cost of buying a drone is expensive... a drone with two functions, fertilizing and spraying, costs 

around RM70,000, and replacing the battery also incurs a high cost." For smallholders, the renting fees of RM10 

to RM15 per acre also diminish profitability. Technical knowledge deficits represent another vital barrier, operating 

modern equipment requires specialized training. Participant 3 highlighted: "Using drones requires self-operation, 

which demands extensive training and guidance to obtain approval and certification. This makes it challenging for 

farmers to adopt." Cultural preferences for generational, manual methods also hinder adoption. Participant 2 

admitted: "For me, traditional methods are more reliable because I know how they work... technology is hard to 

trust when you don't understand it." Lastly, infrastructure deficits hinder IoT viability. Participant 4 emphasized 

that unstable network connectivity in rural Yan makes it difficult to run cloud-based IoT systems, while Participant 

1 warned about safety hazards: "At times, drones can become dangerous because they may lose control if the 

internet connection is lost, potentially getting stuck on power poles or hitting someone." 

Implications for Technology Developers 

The empirical findings of this study yield critical, actionable design implications for technology developersand 

commercial manufacturers aiming to penetrate the smallholder agricultural market. Currently, technology  
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developers design agricultural solutions for highly capitalized commercial plantations, ignoring the unique 

constraints of smallholders. To encourage widespread IoT acceptance among rural paddy planters, developers must 

adopt three paradigm shifts: (1) Cost-Effective Modularity (2) Offline-First Systems and (3) Localized and 

Simplified Interfaces. 

First, rather than pushing high-capital RM70,000 monolithic drone systems, developers should design modular, 

incremental IoT kits. For instance, low-cost water level sensors or soil health probes that interface with existing 

smartphones via simple Bluetooth protocols allow farmers to adopt digital precision agriculture incrementally, 

avoiding massive upfront financial risk. Second, to address rural infrastructure deficits, developers must implement 

offline-first system architectures. Sensoring devices and UAV flight systems must possess local data storage on 

edge nodes, enabling complete operation without active cellular networks and syncing with cloud dashboards only 

when a stable connection is restored, eliminating connectivity dropouts and safety hazards. Third, to bridge the 

digital literacy gap among an aging demographic, software applications should be designed in the local Malay 

dialect with intuitive, graphic-heavy, or voice-guided interfaces, removing cognitive strain and enhancing the 

perceived ease of use (PEOU) of smart farming systems. 

DISCUSSION AND CONCLUSION 

Synthesizing the empirical findings with the Technology Acceptance Model (TAM) provides crucial theoretical 

insights. Under Davis's original model (1989), behavioral intention is heavily determined by Perceived Usefulness 

and Perceived Ease of Use. The qualitative data demonstrate that while Kedah's paddy planters possess a highly 

positive appraisal of the usefulness (PU) of smart technologies such as drones citing significant savings in time, 

reduced labor expenses, and improved agricultural yields their behavioral intention to adopt is severely constrained 

by a low appraisal of the ease of use (PEOU) [25]. PEOU is undermined by technical complexity, the lack of 

operational training, and fear of safety hazards, such as losing control of drones during connectivity dropouts [15]. 

Thus, technology adoption among rural smallholders is incremental farmers must be supported with user-friendly 

and affordable solutions to build confidence [17]. 

Methodological Synthesis and TAM Evaluation 

By critically evaluating the TAM framework, this study demonstrates that standard cognitive models must be 

expanded to accommodate external environmental and economic variables. While PEOU directly influences PU, 

the presence of severe structural constraints specifically cost, rural broadband deficits, and low digital literacy 

prevents planters from acting on positive perceptions of usefulness. The resulting behavior is a "temporary adoption 

equilibrium" where smallholders opt to lease spraying services on an ad-hoc basis rather than investing in 

permanent technology ownership. This renting model represents a rational socio-economic strategy that mitigates 

financial risk and eliminates technical operational burdens. Therefore, policy frameworks should pivot from 

encouraging individual technology purchase to supporting collective, co-shared technology leasing structures [40]. 

Practical and Policy Recommendations 

To foster extensive IoT acceptance, a comprehensive, multi-stakeholder strategy is required, moving beyond vague 

suggestions to concrete, scheduled policy interventions. The Ministry of Agriculture and Food Security (KPKM), 

the Muda Agricultural Development Authority (MADA), and MARDI must play central, coordinated roles. 

Specific practical recommendations, responsible agencies, and implementation timelines are detailed in Table V. 

TABLE V PRACTICAL RECOMMENDATIONS 

Actions Agency Time Span 

Alleviate high capital cost via low-interest loans & drone 

purchasing grants. 

KPKM & Agrobank Short (1-2 Years) 

Smart Farming Training Centers (SFTC): Localized hands-on 

training workshops for technical skills & safety licenses. 

MADA & MARDI Middle (3-4 Years) 

Edge Computing & Rural Broadband: Reinforce rural 

connectivity & 5G coverage in agricultural sectors. 

MCMC & KPKM Long (5+ Years) 
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First, agricultural agencies must alleviate economic barriers in the short term by establishing co-shared drone 

cooperatives and financial subsidies via Agrobank, ensuring smallholders can access precision spraying without 

massive capital debt. Second, MARDI and MADA must collaborate in the medium term to build regional Smart 

Farming Training Centers (SFTCs) in rural Kedah. These centers should provide structured, hands-on certification 

courses in local dialects, building technical literacy and self-efficacy among aging farmers. Third, MCMC and 

telecommunication providers must prioritize the deployment of rural cellular infrastructure and edge computing 

nodes in the long term, guaranteeing uninterrupted broadband signals across agricultural grids to prevent signal 

dropouts and drone flight accidents. 

LIMITATIONS AND FUTURE RESEARCH DESIGNS 

This study possesses certain limitations that should be acknowledged. First, the small sample size of four 

purposively selected participants in the Yan district of Kedah limits the statistical generalizability of the findings 

to the entire population of Malaysian paddy planters. While highly valuable for generating qualitative depth, 

localized findings may not represent planters in other agricultural states with different socio-economic or 

geographical terrains. Second, the qualitative research relies on self-reported interview data, which is susceptible 

to response and recall bias. 

To address these shortcomings, future research designs must employ specific, robust methodologies: (1) Mixed-

Methods Sequential Explanatory Designs: Researchers should combine a large-scale quantitative survey (N >= 

350) to measure the relationship between TAM constructs and external barriers across multiple states (Kedah, 

Perak, and Selangor), followed by qualitative case studies to contextualize numerical trends and outliers (2) 

Longitudinal Designs: Conduct a multi-year longitudinal study tracking 100 farmers over six consecutive crop 

seasons to record empirical, quantifiable metrics such as chemical fertilizer savings, water use efficiency, and net 

crop yield increases proving the long-term financial feasibility of IoT and (3) Social Network Analysis (SNA): Map 

the interpersonal networks and communication pathways of village farmers to analyze how technological 

knowledge and trust diffuse through collective farming communities. 

CONCLUSION 

In conclusion, the integration of the Internet of Things (IoT) in Kedah's paddy farming offers transformative 

potential to modernize traditional agriculture, safeguard human health, and improve crop productivity. However, 

realizing these prospects demands a holistic strategy to address structural barriers, including high costs, technical 

knowledge deficits, and rural digital infrastructure gaps. Bridging the digital divide in the "Rice Bowl of Malaysia" 

is not only essential to empower independent smallholders but represents a vital national imperative to safeguard 

long-term agricultural sustainability and national food security. 

ACKNOWLEDGMENT 

The authors express their profound gratitude to Universiti Teknikal Malaysia Melaka (UTeM) and the Faculty of 

Technology Management and Technopreneurship for providing resources, academic guidance, and ethical 

clearance for the successful completion of this research. Special appreciation is also extended to the independent 

paddy planters of the Yan district, Kedah, who generously shared their valuable time, operational insights, and 

personal experiences during the data collection phase. 

REFERENCES 

1. J. Blasch, B. van der Kroon, P. van Beukering, R. Munster, S. Fabiani, P. Nino, and S. Vanino, "Farmer 

preferences for adopting precision farming technologies: A case study from Italy," European Review of 

Agricultural Economics, vol. 49, no. 1, pp. 33-81, 2022. https://doi.org/10.1093/erae/jbaa031 

2. C.-Y. Yang, M.-D. Yang, W.-C. Tseng, Y.-C. Hsu, G.-S. Li, M.-H. Lai, D.-H. Wu, and H.-Y. Lu, 

"Assessment of rice developmental stage using time series UAV imagery for variable irrigation 

management," Sensors, vol. 20, no. 18, p. 5354, 2020. https://doi.org/10.3390/s20185354 

http://www.rsisinternational.org/
https://doi.org/10.1093/erae/jbaa031
https://doi.org/10.3390/s20185354


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VIII August 2026 

 

www.rsisinternational.org 
Page 11368 

   

 

 
  
 

 

3. S. Zainal, S. Salbiah, R. C. M. Yusoff, H. Abas, S. Yaacub, and N. M. Zainuddin, "The adoption of smart 

devices in Malaysian agriculture," Journal of Agricultural Research, vol. 45, no. 2, pp. 123-134, 2021. 

4. N. Nur, W. Nur, A. Rahman, N. Nur, A. Fatah, and S. K. N. Vaiappuri, "Adoption of smart farming 

technology among rice farmers," Journal of Advanced Research in Applied Sciences and Engineering 

Technology, vol. 29, no. 2, pp. 268-275, 2023. https://doi.org/10.37934/araset.29.2.268275 

5. N. Adnan, S. M. Nordin, M. A. Bahruddin, and A. H. Tareq, "A state-of-the-art review on facilitating 

sustainable agriculture through green fertilizer technology adoption: Assessing farmers' behavior," Trends 

in Food Science & Technology, vol. 86, pp. 439-452, 2019. https://doi.org/10.1016/j.tifs.2019.02.040 

6. M. S. Farooq, S. Riaz, A. Abid, T. Umer, and Y. B. Zikria, "Role of IoT technology in agriculture: A 

systematic literature review," Electronics, vol. 9, no. 2, p. 319, 2020. 

https://doi.org/10.3390/electronics9020319 

7. L. A. Hussein, A. S. Baharudin, J. Krishnaswamy, and S. Kiumarsi, "B2b e-commerce technology factors 

with mediating effect of perceived usefulness in Jordanian manufacturing SMEs," Journal of Engineering 

Science and Technology, vol. 14, no. 1, pp. 411-429, 2019. 

https://www.researchgate.net/publication/341598167 

8. M. M. Reynoso, E. J. P. Bibangco, and C. E. Dumdumaya, "IoT and AI in rice farming: Disease detection 

and precision irrigation systems," Journal of Smart Agriculture, vol. 18, no. 3, pp. 204-219, 2023. 

9. E. Bwambale, F. K. Abagale, and G. Anornu, "Smart irrigation monitoring and control strategies for 

improving water use efficiency in precision agriculture: A review," Agricultural Water Management, vol. 

255, p. 106951, 2022. https://www.researchgate.net/publication/356175346 

10. H. Shahab, M. Iqbal, A. Sohaib, F. U. Khan, and M. M. Waqas, "IoT-based agriculture management 

techniques for sustainable farming: A comprehensive review," Computers and Electronics in Agriculture, 

vol. 220, p. 108851, 2024. https://doi.org/10.1016/j.compag.2024.108851 

11. R. Alfred, J. H. Obit, C. P. Y. Chin, and Y. Lim, "Towards paddy rice smart farming: A review on big data, 

machine learning, and rice production tasks," IEEE Access, vol. 9, pp. 50358-50380, 2021. 

https://doi.org/10.1109/access.2021.3069449 

12. P. Guillemin, F. Berens, M. Carugi, and P. Friess, "Internet of Things: Structural frameworks and 

standardization protocols," IEEE Communications Magazine, vol. 52, no. 6, pp. 74-82, 2014. 

13. M. Lombardi, F. Pascale, and D. Santaniello, "Internet of Things: A general overview between architectures, 

protocols and applications," Information, vol. 12, no. 2, p. 87, 2021. https://doi.org/10.3390/info12020087 

14. S. Khan, S. A. Shah, S. Ali, and S. Shaheen, "Sampling design and data saturation in qualitative agricultural 

research," Qualitative Research Journal, vol. 22, no. 3, pp. 312-325, 2022. 

15. K. H. Lim, L. Y. Leong, and P. L. Teh, "Overcoming barriers to smart technology adoption in rural 

environments," Technology in Society, vol. 64, p. 101452, 2021. 

https://doi.org/10.1016/j.techsoc.2021.101452 

16. M. Hennink, I. Hutter, and A. Bailey, Qualitative Research Methods, 2nd ed. London: SAGE Publications, 

2020. 

17. L. Li, X. Min, J. Guo, and F. Wu, "The influence mechanism analysis on the farmers' intention to adopt 

Internet of Things based on UTAUT-TOE model," Scientific Reports, vol. 14, no. 1, p. 14125, 2024. 

https://doi.org/10.1038/s41598-024-65415-4 

18. M. Aazam, S. Zeadally, and K. A. Harras, "Deploying fog computing in industrial internet of things and 

industry 4.0," IEEE Transactions on Industrial Informatics, vol. 14, no. 10, pp. 4674-4682, 2018. 

https://doi.org/10.1109/tii.2018.2855198 

19. D. C. Miller and N. J. Salkind, Handbook of Research Design & Social Measurement, 6th ed. Thousand 

Oaks, CA: SAGE Publications, 2002. 

20. N. A. Stahl and J. R. King, "Understanding research design in qualitative studies," Journal of Developmental 

Education, vol. 43, no. 3, pp. 22-29, 2020. 

21. C. Paul, A. Ganesh, and C. Sunitha, "Distinguishing the Internet of Things from conventional computer 

networks," Journal of Computer Networks and Applications, vol. 12, no. 2, pp. 45-56, 2018. 

22. R. Aditya and A. Wardhana, "Pengaruh perceived usefulness dan perceived ease of use terhadap behavioral 

intention dengan pendekatan Technology Acceptance Model (TAM) pada pengguna Instant Messaging 

LINE di Indonesia," Jurnal Siasat Bisnis, vol. 20, no. 1, pp. 24-32, 2016. 

https://doi.org/10.20885/jsb.vol20.iss1.art3 

http://www.rsisinternational.org/
https://doi.org/10.37934/araset.29.2.268275
https://doi.org/10.1016/j.tifs.2019.02.040
https://doi.org/10.3390/electronics9020319
https://www.researchgate.net/publication/341598167
https://www.researchgate.net/publication/356175346
https://doi.org/10.1016/j.compag.2024.108851
https://doi.org/10.1109/access.2021.3069449
https://doi.org/10.3390/info12020087
https://doi.org/10.1016/j.techsoc.2021.101452
https://doi.org/10.1038/s41598-024-65415-4
https://doi.org/10.1109/tii.2018.2855198
https://doi.org/10.20885/jsb.vol20.iss1.art3


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VIII August 2026 

 

www.rsisinternational.org 
Page 11369 

   

 

 
  
 

 

23. T. D. Susanto and M. Aljoza, "Individual acceptance of e-government services in a developing country: 

Dimensions of perceived usefulness and perceived ease of use and the importance of trust and social 

influence," Procedia Computer Science, vol. 72, pp. 622-629, 2015. 

https://doi.org/10.1016/j.procs.2015.12.171 

24. J. Xu, B. Gu, and G. Tian, "Internet of Things in precision agriculture: A systematic review," Computers 

and Electronics in Agriculture, vol. 197, p. 107015, 2022. https://doi.org/10.1016/j.compag.2022.107015 

25. Wicaksono and A. Maharani, "The effect of perceived usefulness and perceived ease of use on the 

technology acceptance model to use online travel agency," Journal of Business Management Review, vol. 

1, no. 5, pp. 313-328, 2020. https://doi.org/10.47153/jbmr15.502020 

26. R. Pillai and B. Sivathanu, "Adoption of Internet of things (IoT) in the agriculture industry deploying the 

BRT framework," Benchmarking: An International Journal, vol. 27, no. 4, pp. 1320-1342, 2020. 

https://doi.org/10.1108/bij-08-2019-0361 

27. MARDI Corporation Sdn Bhd, "Agri-Training programs and capacity building for local farmers," Kuala 

Lumpur: MARDI, 2024. Online. Available: https://mardicorp.my/agri-training/ 

28. T. Nur and S. M. Shafie, "Farm automation in paddy plantation: Case of Kedah," International Journal of 

Innovation and Industrial Revolution, vol. 5, no. 14, pp. 66-80, 2023. https://doi.org/10.35631/ijirev.514005 

29. M. Hossain, P. Biswas, and M. R. Islam, "Cold-tolerant and short-duration rice (Oryza sativa L.) for 

sustainable food security of the flash flood-prone haor wetlands of Bangladesh," Sustainability, vol. 15, no. 

24, p. 16873, 2023. https://doi.org/10.3390/su152416873 

30. M. Maguire and B. Delahunt, "Doing a thematic analysis: A practical, step-by-step guide for learning and 

teaching scholars," All Ireland Journal of Higher Education, vol. 9, no. 3, pp. 3351-3364, 2017. 

31. D. Dibekulu, "An Overview of Data Analysis and Interpretations in Research," ResearchGate, pp. 1-27, 

2020. https://doi.org/10.14662/IJARER2020.015 

32. M. Abdulazeez, "Historical progression and evolutionary milestones of the Internet of Things (IoT)," 

International Journal of Engineering and Technology, vol. 9, no. 4, pp. 180-192, 2020. 

33. V. Braun and V. Clarke, "Using thematic analysis in psychology," Qualitative Research in Psychology, vol. 

3, no. 2, pp. 77-101, 2006. https://doi.org/10.1191/1478088706qp063oa 

34. P. Vaishnavi, V. Ramakrishna, K. Akula, N. Fatima, K. Saikrishna, G. Raju NV, and S. Chhabra, "An 

efficient agricultural data analysis based on IoT," MATEC Web of Conferences, vol. 392, p. 01098, 2024. 

https://doi.org/10.1051/matecconf/202439201098 

35. S. Pawar, "IoT solutions in agriculture: Enhancing efficiency and productivity," International Journal of 

Innovative Science and Research Technology (IJISRT), vol. 9, no. 5, pp. 3388-3390, 2024. 

https://doi.org/10.38124/ijisrt/ijisrt24may2442 

36. K. Sangeetha, A. Ece, S. Pradeeba, A. Santhosh, and T. Selvamani, "Paddy Monitoring and Management 

System," International Journal of Applied Engineering Research, vol. 14, no. 5, pp. 1045-1048, 2019. 

https://www.ripublication.com/ijaer19/ijaerv14n5_01.pdf 

37. H. Snyder, "Literature review as a research methodology: An overview and guidelines," Journal of Business 

Research, vol. 104, pp. 333-339, 2019. https://doi.org/10.1016/j.jbusres.2019.07.039 

38. J. H. Chuang, J. H. Wang, and C. Liang, "Implementation of Internet of Things depends on intention: Young 

farmers' willingness to accept innovative technology," The International Food and Agribusiness 

Management Review, vol. 23, no. 2, pp. 253-266, 2020. https://doi.org/10.22434/ifamr2019.0121 

39. S. A. Salim and N. S. Sa'don, "The Adoption of Internet of Things in Urban Farming," Research in 

Management of Technology and Business, vol. 2, no. 2, pp. 146-162, 2021. 

https://publisher.uthm.edu.my/periodicals/index.php/rmtb/article/view/4991 

40. M. Jamil et al., "Rural digital divide and its impact on smart farming adoption in Malaysia," Journal of 

Rural Studies, vol. 99, pp. 102-115, 2023. https://doi.org/10.1016/j.jrurstud.2023.01.011 

41. M. A. Zamir and R. Sonar, "Building self-efficacy for technology adoption among rural farmers," Journal 

of Agricultural Extension, vol. 58, no. 4, pp. 45-56, 2023. 

42. Hamid, A. Razak, A. A. Bakar, and W. Salihin, "The effects of perceived usefulness and perceived ease of 

use on continuance intention to use e-government," Procedia Economics and Finance, vol. 35, pp. 644-649, 

2016. https://doi.org/10.1016/S2212-5671(16)00079-4 

43. P. A. Christou, "How to use thematic analysis in qualitative research," Journal of Qualitative Research in 

Tourism, vol. 3, no. 2, pp. 79-95, 2022. https://doi.org/10.4337/jqrt.2023.0006 

http://www.rsisinternational.org/
https://doi.org/10.1016/j.procs.2015.12.171
https://doi.org/10.1016/j.compag.2022.107015
https://doi.org/10.47153/jbmr15.502020
https://doi.org/10.1108/bij-08-2019-0361
https://mardicorp.my/agri-training/
https://doi.org/10.35631/ijirev.514005
https://doi.org/10.3390/su152416873
https://doi.org/10.14662/IJARER2020.015
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1051/matecconf/202439201098
https://doi.org/10.38124/ijisrt/ijisrt24may2442
https://www.ripublication.com/ijaer19/ijaerv14n5_01.pdf
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.22434/ifamr2019.0121
https://publisher.uthm.edu.my/periodicals/index.php/rmtb/article/view/4991
https://doi.org/10.1016/j.jrurstud.2023.01.011
https://doi.org/10.1016/S2212-5671(16)00079-4
https://doi.org/10.4337/jqrt.2023.0006


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VIII August 2026 

 

www.rsisinternational.org 
Page 11370 

   

 

 
  
 

 

44. K. Sohn and O. Kwon, "Technology Acceptance Model (TAM) for predicting agricultural IoT acceptance: 

Cognitive appraisals and behavioral intention," MIS Quarterly, vol. 44, no. 2, pp. 811-828, 2020. 

45. F. D. Davis, "Perceived usefulness, perceived ease of use, and user acceptance of information technology," 

MIS Quarterly, vol. 13, no. 3, pp. 319-340, 1989. https://doi.org/10.2307/249008 

46. Kontron, "IoT Precision Farming in Malaysia: Efficient Water Management and Irrigation," Kontron.com, 

2015. Online. Available: https://www.kontron.com/en/blog/embedded/iot-in-agriculture 

 

http://www.rsisinternational.org/
https://doi.org/10.2307/249008
https://www.kontron.com/en/blog/embedded/iot-in-agriculture

