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Abstract

Internet of Things (IoT) adoption in agriculture potentially enhances operational efficiency and sustainability.
However, smallholding farmers, such as in Sabah, often face barriers in terms of technological literacy, acceptance,
and resources. Sabah food security could be sustained through IoT-based technological interventions; therefore, it
is important to investigate farmers’ readiness and acceptance towards loT adoption. The objectives of this study are
(i) to examine the influence of technology readiness on acceptance within a technology readiness-acceptance
(TRAM) framework; (ii) to investigate the effects of perceived usefulness and ease of use on IoT adoption intention;
and (iii) to analyze the mediating effect of entrepreneurial ambidexterity in the relationship of technology
acceptance towards adoption intention among Sabahan smallholders. Quantitative research was conducted, using
385 datasets, which were analyzed using partial least squares structural equation modeling (PLS-SEM) to test the
research conceptual framework. Results demonstrated that (i) technology readiness motivators influence
acceptance significantly, (ii) perceived usefulness emerges as the strongest predictor of adoption intention, and (iii)
entrepreneurial ambidexterity is a significant mediator, specifically through perceived ease of use. This study
provides a novel theoretical extension of TRAM by establishing entrepreneurial ambidexterity as a mediator of [oT
adoption intention. Practical directions are proposed for agricultural policymakers, technology providers, and
stakeholders in formulating strategies that align with farmers’ predispositions towards supporting the
transformation of Sabah'’s agricultural sector.

Keywords: Technology Acceptance, Technology Readiness, Technology Adoption Intention, Entrepreneurial
Ambidexterity

INTRODUCTION
Sabah, as one of the key agricultural states, remains an important contributor to Malaysia’s

gross domestic product (GDP), particularly through agricultural trade in commodities such as oil
palm (DOSM, 2023). Despite this significance, the other agricultural sector - the agrifood sector in
the state - faces persistent setbacks, including low food productivity, limited digital integration,
gaps in institutional facilities, manpower shortages, and inefficient policy frameworks (EPU, 2021;
Jabatan Pertanian Sabah, 2022; Suffian & Suffian, 2022; Yapp et al., 1999). Insufficient domestic
food production leads to import dependence and threatens the sustainability of food security
(Jabatan Pertanian Sabah, 2022; Malay Mail, 2022). Smallholding farmers are the core players in
Sabah’s agriculture, yet they are among the most exposed to systemic obstacles. Limited resources
and small landholdings leave them with low incomes, constrained market access, and minimal
output growth (Yusof & Annuar, 2023). The declining self-sufficiency ratio (SSR) of Sabah’s food
production intensifies vulnerabilities, underscoring the need for agricultural modernization.
Technology-driven agriculture, particularly through Internet of Things (IoT) adoption, is viewed as
a potential solution to enhance productivity and sustainability. However, adoption among
smallholders remains low, primarily due to institutional and behavioral constraints (Aris et al,,
2021; Mat Lazim etal., 2020; Sinha & Dhanalakshmi, 2022). Globally, Agriculture 4.0 initiatives such
as precision farming, livestock monitoring, and supply chain digitalization have demonstrated the
transformative potential of IoT. Programs such as the European Union’s SmartAgriHubs
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(SmartAgriHubs, 2023) and Australia’s Sustainable Agriculture Facilitators (DAFF, 2026) highlight
its role in enhancing efficiency and food security. In Malaysia, digitalization is actively promoted
through government incentives and entrepreneurship schemes, yet adoption remains slow (MAFS,
2023; Mat Lazim et al.,, 2020; Sinha & Dhanalakshmi, 2022). High costs, knowledge gaps, and
entrenched reliance on traditional practices continue to hinder smallholding farmers, while
generational differences further exacerbate resistance to change (Bujang & Bakar, 2019; Mat Lazim
et al,, 2020; Sinha & Dhanalakshmi, 2022).

In the Malaysian context, studies to date largely focus on systemic and institutional
constraints, overlooking behavioral factors such as technology readiness, acceptance, and farmers’
entrepreneurial innovation-related tasks or ambidexterity (Aris et al., 2021; Mohd Yaakub et al,
2024). This highlights a notable gap in the Malaysian context, where research has, by and large,
focused more on external and structural factors such as infrastructure, policy support, and resource
constraints, while comparatively little attention has been given to interpersonal behavioral factors
that may influence farmers’ intention to adopt IoT technologies. This quantitative research aims to
address these issues or gaps by answering research questions that explore (i) how technology
readiness influences acceptance, (ii) how acceptance influences adoption intention, and (iii) how
entrepreneurial ambidexterity mediates this relationship toward IoT adoption intention among
smallholders in Sabah. The research findings contribute novel theoretical perspectives by
presenting evidence for the conceptual framework that explains IoT adoption intention through the
consolidation of the Technology Readiness and Acceptance Model (TRAM) (Lin et al., 2007) with
the ambidexterity concept from organizational behavior research (March, 1991). Practically, the
study provides strategic recommendations to guide future actions among agricultural stakeholders.

LITERATURE REVIEW

Background of Malaysian Agriculture and IoT Adoption
Agriculture is a vital sector in Sabah, providing income and employment for much of its rural

population. Through initiatives such as the National Agrofood Policy (2021-2030) and the Sabah
Maju Jaya plan, the Malaysian government has prioritized agricultural modernization to address
labor shortages, enhance productivity, and reduce regional imbalances in food production (MAFI,
2021; Sabah State Government, 2021). These initiatives emphasize entrepreneurial engagement
and technology adoption, particularly the Internet of Things (10T), as essential tools for improving
efficiency and food security. However, despite policy support and institutional assistance, adoption
of smart agriculture technologies remains low among smallholding farmers (Abu Dardak et al,,
2022; Ahmad et al,, 2025; Hashim, 2022; Ministry of Digital, 2025). Socioeconomic factors such as
education and access to resources, coupled with demographic challenges like an aging farming
population, influence farmers’ readiness and openness to embrace technological innovations (Aris
et al,, 2021; Bujang & Bakar, 2019; Harun et al., 2015; Mat Lazim et al., 2020; Mohd Yaakub et al,,
2024; Yusof & Annuar, 2023). Given these challenges, it is inevitable that researchers study the
internal human factors or traits that could increase farmers’ willingness to adopt IoT technologies
and help resolve the discrepancy between policy initiatives and actual technology diffusion by
farmers (Bahari et al.,, 2024).

Successful adoption of IoT depends not only on external infrastructure and support but also
on farmers’ individual predispositions and attitudes toward technology (Adnan et al., 2019; Ahmad
et al,, 2025; Ahmad Tarmizi et al., 2020; Shariff et al,, 2022; Zaman et al., 2023). Defined as the
capability to pursue new opportunities while utilizing current resources, entrepreneurial
ambidexterity could further boost farmers’ willingness and capacity to adopt new innovations
(Cegarra-Sanchez et al., 2020; Chen & Yu, 2022; March, 1991). Because farmers are often
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entrepreneurs at a small scale, the propensity to grow through ambidextrous activities could be
used or measured to predict their adoption intention for new technologies.

Although studies have examined agricultural digitalization, technology readiness, technology
acceptance, and entrepreneurial behavior separately, limited research has integrated these
perspectives to explain [oT adoption intention among smallholding farmers, particularly within the
Sabah context; therefore, this presents an empirical and theoretical gap for this demographic and
area of research. Notably, the ways in which technology readiness interacts with acceptance, how
acceptance shapes adoption intention, and whether entrepreneurial ambidexterity strengthens
these relationships remain uncertain. Addressing these gaps is important to support evidence-
based policy formulation and to develop more effective intervention strategies aimed at
accelerating agricultural digitalization among smallholders. Accordingly, this study operationalizes
these influences through hypotheses that examine: (i) the relationship between technology
readiness and acceptance, (ii) the effect of acceptance on farmers’ adoption intention, and (iii) the
mediating mechanism of entrepreneurial ambidexterity in affecting these relationships among
smallholding farmers in Sabah.

Theoretical Background

Understanding farmers’ decisions to embrace or reject new technologies remains a challenge
in technology adoption research. While adoption refers to the actual use of technology, acceptance
reflects an individual’s behavioral intention and attitude prior to use. In agricultural settings,
acceptance before adoption is important because farmers may recognize the potential benefits of
technology yet still hesitate to adopt it due to acceptance issues. Among available frameworks, the
Technology Acceptance Model (TAM) (Davis, 1989) is widely used in agricultural research,
particularly in studies involving smallholder farmers (King & He, 2006; Mohd Yaakub et al., 2024).
TAM suggests that intention to adopt is mainly influenced by perceived usefulness and ease of use,
a proposition that has been consistently supported in rural contexts, where acceptance may be
influenced by limited technical literacy and access to infrastructure, as documented in the literature
by Mohd Yaakub et al. (2024). The demographic similarity of such studies to Sabahan farmers
indicates that the TAM framework is suitable for this research. These studies also demonstrate that
pragmatic evaluations of whether technology improves efficiency often outweigh broader social or
environmental considerations.

Although TAM has been criticized for its parsimony and limited capacity to address
contextual factors, as admitted by Davis (1989), it can be enhanced when integrated with
complementary frameworks such as the Technology Readiness Index (TRI) by Parasuraman (2000;
2015) (Chiu & Cho, 2021; Mohr & Kiihl, 2021; Montes de Oca Munguia et al., 2021; Sorce & Issa,
2021; Taherdoost, 2018). Technology readiness extends acceptance analysis by incorporating
farmers’ psychological predispositions - optimism, innovativeness, discomfort, and insecurity;
thereby, capturing motivational drivers and barriers that TAM alone cannot adequately explain. TRI
complements TAM by explaining not only how farmers evaluate technology, but also why they may
be willing or reluctant to engage with it in the first place. This justifies using TAM and TRI as a
stronger theoretical foundation for this research.

Beyond technology readiness and acceptance, entrepreneurial ambidexterity adds depth to
understanding farmers’ responses to new technology. Integration of technology readiness and
acceptance on its own does not guarantee adoption, as Venkatesh et al. (2003) note. Following
Vroom'’s Expectancy Theory (1964), farmers need to perceive the overall benefits or rewards to
increase their motivation toward adoption. To make sense of the benefits of new innovations,
farmers need to understand the context or the basic know-how of a technology and be able to
visualize its integration with their existing operations. Ambidexterity refers to the capacity to
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balance exploring new opportunities with exploiting current knowledge and farming practices
(Duncan, 1976; March, 1991). In agriculture, farmers often must maintain productive operations
while simultaneously evaluating and integrating innovations that can enhance future performance.
Earlier studies have shown that stronger ambidextrous capability is associated with individuals
who are more adaptive, proactive, and innovative (He & Wong, 2004; Snehvrat et al.,, 2022). This
capability enables farmers to translate favorable perceptions of usefulness and ease of use into
stronger IoT adoption intentions by balancing experimentation with innovative technologies
alongside the implementation of existing farming practices. Therefore, entrepreneurial
ambidexterity is proposed as a mediating mechanism linking technology readiness and acceptance
with IoT adoption intention among smallholding farmers.

Hypothesis development and research framework

Grounded in the Technology Readiness and Acceptance Model (TRAM), this study combines
the Technology Readiness Index (TRI) dimensions (optimism, innovativeness, discomfort, and
insecurity) with the Technology Acceptance Model (TAM) dimensions of perceived usefulness and
perceived ease of use to explain adoption intention (Lin et al., 2007). TRI motivators, optimism and
innovativeness, are expected to positively influence perceived usefulness and ease of use, reflecting
proactive attitudes and openness to experimentation (Negm, 2023a; Parasuraman, 2000;
Parasuraman & Colby, 2015; Rogers, 2003). By contrast, discomfort and insecurity (as inhibitors)
are anticipated to have negative effects due to fear or resistance toward unfamiliar technology
(Buyle et al, 2018; Chiu & Cho, 2021; Kim & Chiu, 2019; Lin et al., 2007; Negm, 2023a). The
hypotheses linking individual TRI dimensions to TAM constructs are listed as follows:

(Technology readiness with perceived usefulness)

H1a: Optimism positively influences perceived usefulness

Hiu: Innovativeness positively influences perceived usefulness
Hic: Discomfort negatively influences perceived usefulness
Hiq: Insecurity negatively influences perceived usefulness

(Technology readiness with perceived ease of use)

H2a: Optimism positively influences perceived ease of use

H2yu: Innovativeness positively influences perceived ease of use
H».: Discomfort negatively influences perceived ease of use
H2q: Insecurity negatively influences perceived ease of use

Perceived usefulness and ease of use are theorized in TAM to shape adoption intentions both
directly and indirectly. Perceived usefulness is posited as the main determinant of adoption
intention, while perceived ease of use may indirectly influence intention by enhancing perceived
usefulness (Davis, 1989; Dillon & Morris, 1996). This distinction acknowledges that smallholding
farmers, particularly in resource-constrained settings, prioritize performance-related benefits over
usability alone. However, system simplicity could facilitate learning and experimentation and may
later influence perceived usefulness of an IoT system (Blut & Wang, 2020; Buyle et al., 2018; Michels
et al, 2021; Negm, 2023b; Venkatesh & Davis, 2000). The hypotheses representing these
assumptions are as follows:
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(Technology acceptance with intention to adopt IoT)

Hza: Perceived usefulness positively influences adoption intention

Hzp: Perceived ease of use positively influences adoption intention

Hzc: Perceived usefulness positively mediates the influence of perceived ease of use on
adoption intention

The framework is further extended by incorporating entrepreneurial ambidexterity as a
mediator, capturing farmers’ capacity to balance exploratory activities (experimenting with new
technologies) and exploitative activities (optimizing existing practices) (March, 1991). Perceived
usefulness and ease of use are hypothesized to boost both propensities to explore and exploit, on
the premise that individuals are more willing to experiment and apply new technology in novel
ways if it is perceived as beneficial, rewarding, and user-friendly (Benner & Tushman, 2003; Gupta
et al,, 2006; Jansen et al,, 2006; March, 1991; Mishra et al., 2024; Venkatesh, 1999; Vroom, 1964).
In turn, these propensities mediate the relationship between acceptance and adoption intention.

(Technology acceptance with entrepreneurial ambidexterity)

Haa: Perceived usefulness positively influences exploration propensity
Hau: Perceived usefulness positively influences exploitation propensity
Hac: Perceived ease of use positively influences exploration propensity
Haq: Perceived ease of use positively influences exploitation propensity

(Entrepreneurial ambidexterity mediation with technology acceptance and adoption intention)

Hs.: Exploration propensity positively mediates the influence of perceived usefulness on
adoption intention
Hsy,: Exploitation propensity positively mediates the influence of perceived usefulness on
adoption intention
Hs.: Exploration propensity positively mediates the influence of perceived ease of use on
adoption intention
Hsq: Exploitation propensity positively mediates the influence of perceived ease of use on
adoption intention

Finally, entrepreneurial ambidexterity is predicted to directly influence the intention to
adopt technology, reflecting how it enables farmers to leverage new technologies effectively for
operational improvements and innovative experimentation, as they are equipped with the
resilience and agility to face risks and setbacks (Asif & de Vries, 2015; Drucker, 1985; Hashem et
al,, 2024; March, 1991; Schumpeter, 1934; Teece et al., 1997).

(Entrepreneurial ambidexterity with intention to adopt IoT)

Hea: Exploration propensity positively influences adoption intention
Hep: Exploitation propensity positively influences adoption intention

This integrated model illustrates a dynamic process in which technology readiness shapes
Perceptions influence ambidextrous behaviors, and these behaviors ultimately determine adoption
intention, all of which are represented in Figure 1.
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Figure 1. Conceptual model of the study
RESEARCH METHOD

Research Design

Adopting a positivist paradigm, this study emphasizes objectivity, empirical evidence, and
the identification of causal relationships through systematic measurement (Creswell & Creswell,
2017; Park et al, 2020; Ryan, 2018). Farmers’ technology readiness, acceptance, and
entrepreneurial ambidexterity are treated as observable constructs that influence 10T adoption
intentions. A deductive, cross-sectional quantitative design is employed, using survey data from
smallholding farmers in Sabah engaged in non-commodity food agriculture to test hypotheses
about the effects of technology readiness on acceptance, the role of acceptance in predicting
adoption intention, and the mediating influence of entrepreneurial ambidexterity (Ray, 2020; Wang
& Cheng, 2020). Data are collected through a structured questionnaire that incorporates
demographic profiling and validated measurement items adapted from the Technology Readiness
Index, the Technology Acceptance Model, and the Entrepreneurial Ambidexterity frameworks,
assessing optimism, innovativeness, discomfort, insecurity, perceived usefulness, perceived ease of
use, and exploration and exploitation activities. An open-ended question supplements these
measures by capturing qualitative insights on IoT adoption, thereby enriching the interpretation of
responses. This methodological alignment ensures rigor while enabling a comprehensive
assessment of the determinants shaping [oT adoption among smallholding farmers in Sabah (Setia,
2016; Wang & Cheng, 2020). Collected data are then cleansed and analyzed using SPSS and
SmartPLS for PLS-SEM analyses.

Research Instrument

The study employed a structured questionnaire to quantitatively assess factors influencing
IoT adoption among smallholding farmers in Sabah. A 5-point Likert scale was used to measure
respondents’ standpoints on the prescribed statements or items. The scale ranged from 1 (“Strongly
Disagree”) to 5 (“Strongly Agree”).

Measurement items were adapted from earlier research on the Technology Readiness Index
(TRI) (Parasuraman, 2000; Parasuraman & Colby, 2015; Walczuch et al,, 2007), the Technology
Acceptance Model (TAM) (Davis, 1989; Venkatesh & Davis, 2000; Walczuch et al.,, 2007), and
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Entrepreneurial Ambidexterity (EA) (Gibson & Birkinshaw, 2004; Good & Michel, 2013; He & Wong,
2004; Kauppila & Tempelaar, 2016; March, 1991; Raisch & Birkinshaw, 2008; Raisch et al., 2009;
Tushman & O'Reilly, 1996), assessing TRI and TAM dimensions and exploration/exploitation
activities reflecting entrepreneurial tendencies. Definitions of constructs are provided in Table 1.
An open-ended item requesting respondents’ views on barriers to adopting IoT technology was
added to conclude the questionnaire.

Prior to distribution, the instrument was pre-screened for ethical clearance and evaluated by
linguistic panels and panels from academia and the agricultural industry to test for contextual
validity and ensure that comprehensive technical terms were included. The questionnaire was then
distributed in printed form to encourage engagement, complemented by instructional videos
demonstrating IoT applications. This design ensured reliable, valid, and comprehensive data on
farmers’ attitudes, readiness, and intentions to adopt IoT technologies.

Research Sampling Method

Smallholding farmers in Sabah are the focus of the study. They are registered with
agricultural agencies and primarily cultivate fruits, vegetables, and food crops, as classified by the
Ministry of Agriculture and Food Industries (MAFI). These crops are significant contributors to
Malaysia’s food security, making the group highly relevant to the study objectives (DOA, 2022;
MAF]I, 2021). In this research, smallholding farmers are defined as smallholders who manage farm
operations of approximately 10 acres or less, directly monitored and operated by the farmers or
family members, as outlined by the Ministry of Agriculture and Food Security (KRI, 2024; MAFI,
2021). A monthly income threshold of RM10,000 or below is used as an operational criterion - not
an official classification of smallholders’ income, but rather a contextual delimiter for sampling
inclusion/exclusion and an indicator of a farming operation’s economic size (Keung et al., 2020;
Khalil et al., 2017). This threshold is considered adequate to indicate that respondents’ technology
adoption resources might be constrained. Farmers with higher incomes are excluded to avoid bias
caused by differences in capital, scale, and investment capacity. A similar method was previously
employed in research on Sabah smallholding farmers by Yusof and Annuar (2023). Respondent
details were sought from the Sabah State Department of Agriculture (RISDA) and the Farmers’
Organisation Authority, or Lembaga Pertubuhan Peladang (LPP), with most participants registered
under LPP and a smaller proportion under RISDA Kota Belud. The exact size of the target population
is uncertain, as many farmers operate across multiple agricultural sectors (e.g., oil palm, food crops,
livestock), leading to possible duplication in reported numbers (DOA, 2022). This issue has been
acknowledged by the Department of Agriculture in its official reporting (DOA, 2022). To address
this, proportional stratified random sampling (Glasgow, 2005; Lee & Park, 2015; Stephan, 1941)
was adopted to ensure representation across Sabah’s five main administrative divisions: Kudat,
West Coast, Interior, Sandakan, and Tawau. As public data on farming population density are
unavailable, the study relied on non-industrial cultivation land use in Sabah (MAMPU, 2016),
covering fruits, vegetables, herbs, and cash crops, to approximate the percentage of farmers across
Sabah divisions, as organized in Table 2.
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Table 1. Definition of Constructs

Constructs Definition Reference
Favorable view of technology and an assumption
Optimism (OPT) that it serves better control, efficiency, and
flexibility in their lives. Parasuraman
Innovativeness An inclination toward pioneering technology and (2000),
(INN) thought leadership. Parasuraman &
Discomfort (DIS) Feeling limited in us.er control and being strained by Cobly (2015),
its demands. Walczuch et al.
Lack of trust in technology, caused by doubts about (2007)
Insecurity (INS) its performance and concerns about adverse
outcomes.
Perceived A farmer’s impression that utilizing a particular Davis (1989),

Usefulness (PoU)
Perceived Ease of

system will improve farm performance.
A farmer’s impression that utilizing a particular

Venkatesh & Davis
(2000), Walczuch

Use (PEoU) system involves low effort in carrying out a task. etal. (2007)
Exploration Inclination to innovate, experiment, and take risks Gibson &
Propensity (EXP) to improve farm performance. Birkinshaw (2004),
Good & Michel
(2013), He & Wong
(2004), Kauppila &
Tempelaar (2016),
Exploitation Inclination to apply and refine existing knowledge March (1991),
Propensity (EXPL) to improve farm performance. Raisch &
Birkinshaw (2008),
Raisch et al.
(2009), Tushman &
O’Reilly (1996)
Intention to Adopt Farmer’s adoption intention to use for farm Venkatesh & Davis
[oT (INT) management. (2000)
Table 2. Non-industrial Cultivation Land Size per Division in Sabah
Division Districts Non-industrial
Cultivation Land (ha)
Kudat Kudat, Kota Marudu, Pitas 2,158.0
West Coast Kota Kinabalu, Penampang, Putatan, Papar, Tuaran, 11,151.6
Kota Belud, Ranau
Interior Beaufort, Sipitang, Keningau, Tenom, Tambunan, 5291.4
Kuala Penyu, Nabawan
Sandakan Sandakan, Kinabatangan, Beluran, Telupid, Tongod 1,891.2
Tawau Tawau, Kalabakan, Lahad Datu, Kunak, Semporna 3,204.8
TOTAL 23,697.0

To determine the required sample size, Cochran’s (1977) formula was used, which is

appropriate when the overall population size is large but unknown. At a 95% confidence level (Z-
value = 1.96), with a 5% margin of error and a presumed population proportion of 0.5 to maximize
variability, the formula yielded a recommended sample size of 385 respondents. This figure is
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consistent with guidelines for quantitative studies employing regression analysis, where
excessively large samples may not necessarily increase accuracy or significance (Hair et al., 2018).
The proportional distribution of this sample across the identified divisions was calculated
according to the relative size of non-industrial farming land, as organized in Table 3. Eligible
respondents were then filtered based on the defined study criteria, including location, farm size,
crop type, and loT exposure, before being randomly selected for inclusion. This stratified approach
ensures methodological rigor and enhances the sample’s proportional representation of the overall
smallholder population in Sabah.

Table 3. Sample Size of Each Stratum Based on Land Cultivation Size Proportion

Cultivation Size Stratum Sample
Stratum . )
(ha) Proportion Size
Kudat 2,158.0 0.091 35
West Coast 11,151.6 0.471 181
Interior 5,291.4 0.223 86
Sandakan 1,891.2 0.080 31
Tawau 3,204.8 0.135 52
TOTAL 23,697.0 1 385

Data Collection

The data collection process began after receiving ethical clearance and final approval of the
research instruments, with relevant authorities approached to access databases of registered
farmers. Respondents were identified through three main groups: randomly selected agropreneur
exhibitors at agricultural events, members of the RISDA Agrofood Program in Kota Belud, and
members of PPK from 16 administrative areas across Sabah. Data were collected over four months
(April-August 2024) using printed questionnaires administered primarily in person at gatherings
such as meetings and exhibitions, with enumerators assisting across districts. Before the survey
was administered, respondents were introduced to [oT applications through knowledge-sharing
activities, demonstration videos, and access to a live [oT system available online, ensuring adequate
understanding before completing the questionnaires. Translation or reading assistance was
provided when necessary to enhance inclusivity. Completed questionnaires were collected,
screened for validity (discarding incomplete or empty responses), and digitized using Google Forms
and Microsoft Excel for subsequent analysis.

506 cases were collected through in-person questionnaire distribution, yielding a response
rate of 76.3%. Following the recommended practice of omitting surveys with more than 25%
missing data (Hair et al., 2018; Tabachnick & Fidell, 2007), 34 incomplete or empty responses were
removed, leaving 472 raw cases for screening. The responses were then assessed against the
study’s smallholders sampling criteria: profiles with monthly incomes above RM10,000; those
cultivating solely non-food industrial crops; respondents already adopting IoT; and farmers
operating outside Sabah were excluded, resulting in 446 valid cases. Data cleaning involved
translating and standardizing responses, correcting spelling and syntax, and identifying straight-
lined responses, with some retained to preserve divisional quotas (Guenther et al., 2023). Missing
values were treated using series mean imputation in SPSS (Saidu et al., 2023). To align with
Cochran’s (1977) size formula and maintain proportional representation across Sabah’s five
administrative divisions, 385 cases were selected from 446 using simple random sampling,
following the stratum proportions specified in Table 3, for final analysis (Tables 4 and 5).
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Analysis Method

Descriptive statistics were computed in SPSS to summarize the datasets by calculating mean
scores and standard deviations for the variables before conducting further analyses (IBM Corp.,
2022; Pallant, 2020). The descriptive statistics are presented in Table 6. The study’s objectives
extend beyond examining direct relationships to understanding how technology readiness
influences technology acceptance and how entrepreneurial ambidexterity mediates the
relationships between these perceptions and IoT adoption intention among smallholders.
Subsequently, Partial Least Squares Structural Equation Modeling (PLS-SEM) was applied to
scrutinize complex causal associations among latent variables, indicators, and structural paths,
providing robust estimates of indirect effects through bootstrapping (Hair et al., 2022; Ramayah et
al., 2018). Its suitability for research with non-normal data distributions, limited sample sizes, and
models that connect theoretical constructs to real-world applications makes it an appropriate
analytical tool in this context (Guenther et al.,, 2023). Furthermore, it is widely recommended for
behavioral and technology adoption research because it emphasizes prediction-oriented analysis
and theory development, particularly in emerging research contexts where theoretical integration
is still evolving (Hair et al., 2022; Sarstedt et al., 2022). Following the protocol suggested by
Anderson and Gerbing (1988), the measurement model was initially evaluated to confirm construct
reliability and validity, consistent with the guidelines proposed by Hair et al. (2022) and Ramayah
et al. (2018). Subsequently, the hypothesized relationships were examined, followed by mediation
analysis to estimate the extent of indirect effects. Predictive relevance analysis was conducted to
evaluate the model’s applicability across various samples.

Table 4. Demography Profile

Demography Category Frequency %
Gender Male 192 499
Female 193 50.1
Education Level Primary school 45 11.7
Secondary school 241 62.6
College/University 99 25.7

Age Group 18-28 years old 34 8.8
29-39 years old 65 16.9
40-50 years old 109 28.3
51-61 years old 111 28.8
62 years old and above 66 17.1
Years of Farming 5 years and below 191 49.6
6-11 years 77 20.0
12-20 years 55 14.3
21 years and above 62 16.1
Monthly Income RM4,000 and below 338 87.8
RM4,001-RM8,000 46 11.9

RMS8,001-RM 10,000 1 0.3
Cultivation Land Size 5 acres and below 342 88.8
6-10 acres 43 11.2

Table 5. Respondents Distribution According to Divisional Strata

Division District Frequency %
Kudat Division Kota Marudu 10 2.6
Kudat 25 6.5

10
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Division District Frequency %
Subtotal 35 9.1
West Coast Division Kota Belud 12 3.1
Kota Kinabalu 24 6.2
Papar 18 4.7
Penampang 44 11.4
Ranau 41 10.6
Tuaran 42 10.9
Subtotal 181 46.9
Interior Division Keningau 32 8.3
Beaufort 23 6.0
Nabawan 13 3.4
Tenom 11 2.9
Sipitang 4 1.0
Tambunan 2 0.5
Membakut 1 0.3
Subtotal 86 22.4
Sandakan Division Kinabatangan 19 4.9
Tongod 10 2.6
Sandakan 2 0.3
Subtotal 31 7.8
Tawau Division Kunak 12 3.1
Lahad Datu 27 7.0
Semporna 2 0.5
Tawau 11 2.9
Subtotal 52 13.5

Table 6. Descriptive Statistics of Constructs

Construct Mean SD
Technology Readiness Index (TRI)
Optimism 3.9140 0.8315
Innovativeness 3.5599 0.8118
Discomfort 2.8930 0.8409
Insecurity 3.1844 0.8974
Technology Acceptance Model (TAM)
Perceived Usefulness 3.9570 0.8104
Perceived Ease of Use 3.5753 0.8481
Entrepreneurial Ambidexterity (EA)
Exploration Propensity 3.7603 0.7687
Exploitation Propensity 3.6746 0.7759
Intention
Intention to Adopt IoT 3.9527 0.7802

SD - Standard Deviation
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Measurement Model
Correlations among constructs were estimated using the PLS-SEM algorithm. Before testing

the structural model, the measurement model was evaluated to ensure reliability and validity.
Reliability was assessed through outer loadings, composite reliability (CR), and average variance
extracted (AVE), while discriminant validity was examined using the heterotrait-monotrait (HTMT)
ratio (Hair et al,, 2022; Ringle et al., 2024). Items with low factor loadings, high variance inflation
factor (VIF) values, or limited theoretical relevance (DIS4, OPT2, PoU5, PoU6, PEoU1, PEoU3, INT2,
INT3, INT7) were excluded from the analysis to enhance construct precision and minimize
redundancy bias. The retained items demonstrated satisfactory loadings (0.744-0.941), with all CR
values over 0.7 and AVE values exceeding 0.5, thereby satisfying the recommended threshold
criteria (Hair et al., 2022). HTMT values across constructs remained below 0.85, establishing
discriminant validity (Franke & Sarstedt, 2019; Henseler et al., 2015), affirming that survey
participants treated constructs as distinct from one another. Analyses showed that satisfactory
reliability and validity were established, and the final set of indicators was retained for subsequent
structural model analysis. The results of both assessments are presented in Table 7 and Table 8.

Table 7. Reliability and Validity Assessment

Constructs Loadings Items Reference
Technology Readiness Index (TRI)
Optimism OPT1 0.921 [ like that IoT application makes me
AVE=0.870 more productive at my work.
CR=0.953 OPT3 0.941 [ feel confident that IoT application will
follow through with what I instruct
OPT4 0.937 them to do.

[ like that IoT application gives me
more freedom of mobility.

Innovativeness INN1  0.744 Other people come to me for advice on
AVE=0.665 new technologies.
CR=0.887 INN2 0.876 [ find new technologies to be mentally
INN3  0.754 stimulating.
[ can usually figure out new high-tech
INN4 0.877 products and services without help
from others.
Learning about technology can be as
. : Parasuraman
rewarding as technology itself. & Colb
Discomfort DIS1 0.872 Technology always seems to fail at the y
. . (2015),
AVE=0.677 worst possible time. Walczuch et
CR=0.863 DIS2 0.776 It is embarrassing when I have trouble al. (2007)
with a high-tech gadget while people '
DIS3 0.818 are watching.

Technical support lines are not helpful
because they do not explain things in
terms | understand.

Insecurity INS1 0.901 [ worry that information I make
AVE=0.667 available over the Internet may be
CR=0.888 INS2 0.766 misused by others.
Technology lowers the quality of
INS3 0.802 relationships by reducing personal
interaction.
INS4 0.790 People are too dependent on

technology to do things for them.
Too much technology distracts people
to a point that is harmful.
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Technology Acceptance Model (TAM)

Perceived PoUl 0912 The IoT application could enable me to
Usefulness complete tasks on my farm faster.
AVE=0.812 PoU2 0.924 The IoT application could increase the
CR=0.945 productivity of my farm.
PoU3 0.896 The IoT application could make work
easier for all the workers on my farm.
PoU4 0.871 The IoT application is suitable for my Davis
farm operation.
Perceived Ease =~ PEoU2 0.872 Working with IoT applications is (192912{11}\1/[1()“
of Use possible without any problems. (2021)
AVE=0.800 PEoU4 0.890 The use of 10T application allows for
CR=0.941 more flexibility in my farming
PEoU5 0.900 processes.
It is easy to skillfully operate the IoT
PEoU6 0.915 application.
My interaction with the IoT application
would be clear and understandable.
Entrepreneurial Ambidexterity (EA)
Within the last 3 years,
Exploration EXP1  0.898 I search for new possibilities with
Propensity respect to new products, processes or
AVE=0.770 EXP2 00911 markets.
CR=0.944 [ evaluate diverse options with respect
EXP3  0.893 to products, processes or markets.
[ focus on strong renewal of
EXP4 0.804 products/services or markets.
[ perform activities requiring quite
EXP5 0.877 some adaptability to me. Kauppila and
[ perform activities requiring me to Tempelaar
learn new skills or knowledge. (2016), Mom
etal. (2007,
Within the last 3 years, | have been 2009),
engaged in activities, Tushman
Exploitation EXPL1 0.812 which a lot of experience has and O’Reilly
Propensity accumulated by myself. (1996)
AVE=0.743 EXPL2 0.884 which serve existing (internal)
CR=0.935 customers with existing
EXPL3 0.903 services/products.
EXPL4 0.811 It is clear to me how to conduct them.
which primarily focuses on achieving
EXPL5 0.895 short-term goals.
which I can properly conduct by using
my present knowledge.
Intention to Adopt (Dependant Variable)
Intention to INT1 0.871 [ intend to adopt IoT for my farming
Adopt activities.
AVE=0.771 Given my financial access, [ predict |
CR=0.944 would use it.
[ intend to adopt IoT for farming Kim et al.
activities despite potential risks. (2017)

[ understand that the benefits of IoT
outweigh the risks.

[ intend to encourage others to adopt
[oT for farming activities in the future.
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Table 8. Discriminant Validity (HTMT) Model

Consruct 1 2 3 4 5 6 7 8 9
1
2 0.653
3 0.103 0.195
4 0.095 0.164 0.746
5 0.786 0.623  0.081 0.066
6 0.662 0.673 0.136 0.097 0.706
7 0.607 0.598 0.113 0.103 0.599 0.717
8 0.575 0.521  0.266 0.294 0.557 0.557 0.713
9 0.757 0.707  0.077 0.084 0.851 0.641 0.668 0.655
1 Optimism 4 Insecurity 7 Exploration
2 Innovativeness 5 Perceived Usefulness 8 Exploitation
3 Discomfort 6 Perceived Ease of Use 9 Intention to Adopt

Structural Model Analysis

The assessment of the structural model’s validity and reliability involved a full collinearity
test, to investigate if the model is contaminated with common method bias via evaluation of
variance inflation factors (VIF) values between latent constructs. Bootstrap results showed that all
VIF values ranged from 1.547 to 2.377, which fall within the acceptable threshold range (1.0-3.0).
This indicates that multicollinearity was not a concern and that the model was free from common
method bias (Becker et al.,, 2015; Hair et al., 2022; Kock, 2017). Subsequently, the 21 proposed
hypotheses were tested using PLS-SEM algorithm with bootstrapping, of which results are
discussed in the next section.

Mediation Analysis

The mediating role of entrepreneurial ambidexterity, represented by exploration and
exploitation, in the association between the technology acceptance dimension (perceived
usefulness and perceived ease of use) and the intention to adopt was examined. First, the direct and
indirect effects were tested for significance using bootstrapped procedures with 5,000 iterations at
the 5% level. The p-values, along with the lower (2.5%) and upper (97.5%) bias-corrected
confidence intervals, were assessed (Preacher & Hayes, 2004). The mediating effects were then
evaluated by comparing path coefficients to determine whether exploration and exploitation
strengthened or weakened the direct effects. Given that entrepreneurial ambidexterity comprises
two constructs, parallel mediation was tested using a multi-mediation approach, as recommended
by Hair et al. (2014), and total indirect effects were computed by combining the indirect paths of
exploration and exploitation. Finally, the type and magnitude of mediation were analyzed by
performing a variance accounted for (VAF) analysis.

FINDINGS AND DISCUSSION
The 21 hypothesized relationships were empirically tested using PLS-SEM and

bootstrapping. Analyses indicated that optimism ($=0.602, p<0.01) and innovativeness ($=0.214,
p<0.01) significantly predicted perceived usefulness, whereas discomfort and insecurity were non-
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significant, providing partial support for H1. Similarly, optimism ($=0.401, p<0.01) and
innovativeness (f=0.356, p<0.01) significantly influenced perceived ease of use, whereas
discomfort and insecurity were again non-significant, providing partial support for H2. Within TAM,
perceived usefulness positively influenced adoption intention ($=0.599, p<0.01), supporting H3a,
whereas perceived ease of use was non-significant (=-0.002, p=0.967), leading to rejection of H3b.
Hypothesis test results are tabulated in Table 9.

Mediation analysis (Table 10) indicates that the mediation effect of entrepreneurial
ambidexterity on the link between perceived usefulness and IoT adoption intention is significant,
though with little impact (VAF=13.8%). A higher VAF is observed for the indirect effect through
perceived ease of use (VAF=49.4%), suggesting partial mediation. Exploration behaviors exert a
stronger mediating effect (VAF=26.7%) than exploitation on the perceived ease of use. In addition,
it reduces the direct effect of perceived usefulness (3 decreases from 0.599 to 0.096). These findings
suggest that IoT adoption among smallholding farmers is more strongly reinforced when ease of
use is coupled with entrepreneurial behaviors that drive more exploration than exploitation.

Table 9. Results from Hypothesis Test

Std
B t-value p-value LL0.025 ULO0.975 Decision
Error

Influence of technology readiness dimensions towards perceived usefulness
H1, OPT

.602 . 10.772 .01 4 . A

> Poll 0.60 0.056 0.77 p<0.0 0.489 0.705 ccept
H1p INN

> Poll 0.214 0.054 3.953 p<0.01 0.111 0.327 Accept
A1 DIS -0.024 0.048 0.494 0.621 -0.127 0.063 Reject
- PoU

H1aINS 0.013 0.057 0.226 0.822 -0.109 0.115 Reject
- PoU

Influence of technology readiness dimensions towards perceived ease of use
H2, OPT

> PEoU 0.401 0.065 7.462 p<0.01 0.287 0.525 Accept
H2p INN
> PEoU 0.356 0.069 5.162 p<0.01 0.215 0.486 Accept
H2. DIS .
> PEoU -0.003 0.057 0.044 0.965 -0.129 0.099 Reject
H24 INS .
> PEoU 0.040 0.054 0.729 0.466 -0.066 0.144 Reject
Influence of technology acceptance dimensions towards adoption intention
H3, PoU
> INT 0.599 0.046 13.038 p<0.01 0.505 0.684 Accept
H3p PEoU .
> INT -0.002 0.056 0.042 0.967 -0.113 0.105 Reject
H3. PEoU
- PoU > 0.179 0.036 4.952 p<0.01 0.107 0.249 Accept
INT

Entrepreneurial ambidexterity dimensions mediation effect between technology acceptance
adoption intention
H4. PoU 0.214 0.068 3.162 p<0.01 0.080 0.346 Accept
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- EXP
H4y, PoU
- EXPL 0.317 0.070 4.522 p<0.01 0.175 0.447 Accept
Hic E)E(‘I’JU 0.520 0.059 8849  p<0.01  0.401 0632  Accept
H:"EP;;LU 0.309 0.065 4761  p<0.01 0182 0435  Accept
H5. PoU
- EXP > 0.034 0.016 2.081 0.037 0.001 0.065 Accept
INT
H5, PoU
- EXPL 0.062 0.021 2.951 p<0.01 0.020 0.103 Accept
- INT
H5. PEoU
- EXP > 0.093 0.032 2.938 p<0.01 0.030 0.154 Accept
INT
H54 PEoU
—2>EXPL-> 0.079 0.020 3.862 p<0.01 0.039 0.119 Accept
INT
Influence of entrepreneurial ambidexterity dimensions towards adoption intention
Hgaliﬁp 0.159 0.051 3.106 p<0.01 0.059 0.257 Accept
Hi’ 115131(? 0.196 0.046 4.288 p<0.01 0.101 0.278 Accept
OPT - Optimism INS - Insecurity EXP - Explore
INN - Innovativeness PoU - Perceived Usefulness EXPL - Exploit
DIS - Discomfort PeoU - Perceived Ease Of Use  INT - Intention to Adopt [oT

Table 10. Summary of Analysis on Entrepreneurial Ambidexterity Mediation Effect

Inderect VAF (%)
Inderect
Path B Total Effect p-value Effect EXP EXPL
Significance

Perceived 0.096 0.694 p<0.01 Yes 49 8.9
Usefulness
Perceived 0.172 0.348 p<0.01 Yes 26.7 22.7
Ease of Use

Optimism contributed most on perceived usefulness (f?=0.319), while innovativeness
contributed a smaller effect (f?=0.016), jointly explaining 55.8% of variance in perceived
usefulness. As for perceived ease of use, optimism (f=0.194) and innovativeness (f*=0.151) exerted
medium effects, explaining 46.2% of variance. Within entrepreneurial ambidexterity, perceived
usefulness imposed more effect on exploration (f?=0.286) compared with ease of use (f*=0.080),
together explaining 46.3% of variance, while both acceptance constructs accounted for 32.5% of
variance in exploitation, albeit with small effect. Perceived usefulness had the most effect (f?=0.597)
on adoption intention, trailed by exploration (f?=0.034) and exploitation (f*=0.065), whereas
perceived ease of use contributed negligible impact. Summing up, the model explained 68.7% of
variance of adoption intention, indicating medium-to-high predictive capability. According to Hair
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et al. (2014), R? values confirmed medium-to-high in-sample predictive power, with adoption
intention (R?=0.687) and perceived usefulness (R*=0.606) showing the strongest predictive
validity, while exploitation had the lowest (R?=0.325). Model predictive assessment results are as
tabulated in Table 11 and Table 12. Summary of results from structural model assessment are
described in Figure 2.

Table 11. Level of Coefficient Determination, R2

Construct R2?* Std Error t-value p-value LLO0.025 ULO0.975
Perceived Usefulness 0.606 0.041 14.817 p<0.01 0.509 0.674
Perceived Ease of Use 0.463 0.046 10.051  p<0.01 0.366 0.542

Exploration Propensity 0.462 0.048 9.593 p<0.01 0.361 0.549
Exploitation Propensity 0.325 0.053 6.162 p<0.01 0.216 0.424
Intention to Adopt [oT 0.687 0.045 15.189  p<0.01 0.573 0.759

* Benchmark threshold - 0.25 low, 0.50 medium, 0.75 high (Hair et al.,, 2014)

Table 12. Latent Variable Assessment PLS-Predict
Predictive

2 .
Q“ Predict Power RMSE

Perceived Usefulness 0.544 Strong 0.679
Perceived Ease of Use 0.444 Strong 0.751
Exploration Propensity 0.357 Strong 0.808
Exploitation Propensity 0.298 Moderate 0.844
Intention to Adopt IoT 0.538 Strong 0.685

0.482 (p>0.01) Perception of

Optimism > Usefulness
&) R? = 0606
g8 Q7= 0.544
Q"“ o
oS 2 —
VRS 7
o o

Innovativeness Intention to

Explore 0
R%=0.462
Q*=0.357

3 Adopt loT
o
& R? = 0.687
[=2] - 0,\\
] Exploit o<
=} .\gﬁ
R?=0.325 o
Q?=0.298
s
. QQ.'LK\“
Perception of 0
Ease of Use
0.040 (ins.) R?=0.463
Q7 = 0.444

Figure 2. Summary of structural model assessment

This study highlights how technology readiness, acceptance, and entrepreneurial
ambidexterity jointly shape smallholding farmers’ IoT adoption intention in Sabah. Optimism and
innovativeness, the motivators of technology readiness, emerged as strong predictors of technology
acceptance, with optimism showing the most consistent effect on both perceived usefulness and
ease of use. Farmers who expect positive outcomes are more inclined to perceive 10T as both useful
and manageable, consistent with previous research identifying optimism as an important
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determinant of technology readiness (Lin et al., 2007; Parasuraman, 2000). By contrast, discomfort
and insecurity showed no significant influence, indicating that enabling factors outweigh inhibiting
ones in this context (Castiblanco Jimenez et al., 2021; Godoe & Johansen, 2012). Prior findings
suggest that inhibitors may be less salient among Sabah farmers due to their limited exposure to
IoT technologies, resulting in relatively unclear or undeveloped concerns about discomfort and
security risks (Blut & Wang, 2020).

Consistent with the TAM, perceived usefulness emerged as the dominant predictor of
adoption intention, whereas perceived ease of use had an insignificant direct effect on adoption
intention (Davis, 1989). Perceived ease of use only supported adoption by enhancing perceived
usefulness, reinforcing the idea that performance benefits outweigh usability concerns for Sabahan
farmers. The observed insignificant direct effect is similar to earlier studies, particularly in the
context of complex and task-specific technologies such as IoT (Muk & Chung, 2015; Negm, 2023b).
In practical terms, Sabah farmers appear willing to accept system complexity if they strongly
perceive that IoT technologies provide substantial benefits to their agricultural operations. This
finding underscores the practical importance of intuitive IoT usability design and experiential
training to strengthen perceptions of ease of use (Gefen et al., 2003; Venkatesh, 2000).

The mediation effect of entrepreneurial ambidexterity on the relationship between
technology acceptance and adoption intention was significant. Perceived usefulness and ease of use
both promoted explorative and exploitative inclinations, though ease of use exerted the greater
impact, indicating that high effort expectancy is a stronger driver of ambidextrous activities in
resource-constrained, low-digital-maturity environments, as in the study (Benner & Tushman,
2003; Jansen etal., 2006; Li et al., 2020; Liu et al., 2025). Propensity to explore displayed a stronger
mediating pathway through perceived ease of use, enabling farmers to experiment with IoT
applications, while exploitation exerted a stronger direct effect, anchoring IoT within existing
routines. These dynamics reflect established ambidexterity theory (Benner & Tushman, 2003;
March, 1991), where exploration opens pathways for innovation while exploitation reinforces the
belief in incremental performance gains from knowledge application.

Theoretical and Empirical Implications

The research extends TRAM (Lin et al, 2007) to the under-researched context of
smallholders in Sabah, offering novel theoretical and empirical contributions to technology
adoption research. While TRAM has been widely applied in domains such as marketing (Jin, 2019),
healthcare (Kuo et al.,, 2013), and tourism (Lestari et al., 2023), its integration into agriculture
highlights that individual dimensions of TRI and TAM influence [oT adoption intentions differently
rather than uniformly. The novelty of incorporating entrepreneurial ambidexterity (Drucker, 1985;
Lidow, 2022; March, 1991), which stems from technology readiness and acceptance (Davis, 1989;
Lin et al., 2007; Parasuraman, 2000; Parasuraman & Colby, 2015), further demonstrates the
interplay of farmers’ explorative and exploitative measures, an essential capability when facing the
dual pressures of innovation and operational constraints when deciding to implement new
technology. Empirically, the study provides rare, structured evidence from Sabahan smallholders,
revealing that the common assumption that the ‘perceived ease of use’ indicator predicts adoption
may not inherently drive adoption across cultural and social groups (Muk & Chung, 2015; Negm,
2023b; Venkatesh, 2000), thereby underscoring the importance of context in shaping technology
acceptance. These findings enrich the literature on agricultural technology adoption and inform
policymakers and practitioners in developing culturally sensitive and practically relevant strategies
to enhance IoT adoption toward sustainable farming and food security.

Practical Implications
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This study provides significant insights into the behavioral drivers and barriers influencing
[oT adoption among Sabahan smallholders. Findings reveal that optimism, perceived usefulness,
and entrepreneurial ambidexterity, particularly exploration propensity, significantly shape
adoption intentions, whereas perceived ease of use exerts an insignificant direct influence. Farmers
with stronger exploratory tendencies and a positive outlook toward technology are more likely to
adopt IoT when it is perceived as useful. This indicator could help agencies profile and filter
recipients of initiatives, distinguishing productive from nonproductive ones and indirectly avoiding
wasteful resource spending on farmers’ developments (Hindrawati et al., 2025). Results show that
adoption intentions are most effectively strengthened through user-friendly system design,
comprehensive introductory and ongoing training programs for loT familiarization, and policy
measures that promote experimentation while enabling gradual integration. For example,
technology providers could leverage widely used applications such as ChatGPT to interact with the
system or use simple multilingual interfaces suitable for older farmers (Arman & Lamiyar, 2023).
The government could introduce IoT demonstration plots in each district or region for hands-on
training and experience, as well as advisory and support centers for smallholders.

Divisional variations in readiness and acceptance, as well as entrepreneurial ambidexterity
(Table 13), further highlight the need for region-specific interventions. Overall, the key
observations presented inform policymakers and practitioners in designing targeted strategies to
address specific weak points that enhance IoT technology adoption, improve farm productivity, and
align with Sabah’s agricultural and economic transformation goals.

Table 13. Mean Scores of Variables According to Sabah Divisions

Construct Kudat West Interior Sandakan Tawau
Coast
Technology Readiness Index (TRI)
Optimism 4.0286 4.0632 3.7436 3.8306 3.649
Innovativeness 3.8599 3.6256 3.4085 3.629 3.3413
Discomfort 2.7643 2.8958 2.9843 2.7742 2.8894
Insecurity 3.0643 3.2201 3.3393 3.1532 2.9038
Technology Acceptance Model (TAM)
Perceived Usefulness 4.219 4.0532 3.9008 3.8602 3.5962
Perceived Ease of Use 3.7238 3.6409 3.5345 3.586 3.3077
Entrepreneurial Ambidexterity (EA)
Exploration Propensity 3.9714 3.8734 3.603 3.7871 3.4692
Exploitation Propensity 3.9257 3.7269 3.7227 3.5355 3.3269
Intention to Adopt IoT 4.1571 4.0793 3.8479 3.8548 3.6058
CONCLUSIONS

Research findings demonstrate that technology readiness motivators enhance technology
acceptance, while perceived usefulness strongly predicts IoT adoption intention. Moreover,
entrepreneurial ambidexterity serves as an important mediator, helping farmers bridge challenges
when technology appears difficult to use through both exploratory and exploitative behaviors.
These outcomes suggest the creation of more targeted policy and intervention strategies that
support farmers in adopting IoT through tailored training, awareness-building, and infrastructure
development. Although full adoption faces institutional, structural, and environmental challenges,
consistent collaborative efforts such as capacity building, financial assistance, and improved
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connectivity could accelerate the transition toward modernized farming practices. Ultimately, [oT
adoption holds promise for enhancing productivity, improving farmers’ livelihoods, and increasing
resilience in Sabah’s agriculture, provided interventions are designed with long-term sustainability
in mind.

LIMITATION & FURTHER RESEARCH
The study acknowledges several limitations, including challenges in data collection due to

linguistic barriers and the simplification of technical terms beyond the required level; the risk of
sampling bias stemming from imbalanced representation across districts; and the restricted
inclusion of urban or non-affiliated farmers. These constraints call for more inclusive sampling and
refined methodological designs. Future research could extend TAM (Davis, 1989) by considering
demographic differences and the evolving dynamics of perceived ease of use, and by addressing
sociocultural and behavioral dimensions such as trust and community influences. Methodologically,
workshop-based exposure to [oT technologies and complementary qualitative approaches could
yield richer insights, and practical work could examine financing, training, and sustainability
monitoring for IoT implementations. Further exploration of entrepreneurial ambidexterity would
also clarify how innovation and optimization interact to shape adoption and productivity.
Collectively, these directions could strengthen both theoretical and practical views on IoT
technology adoption intention.
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