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Abstract. Smart farming, one of the most rapidly growing technologies in the agriculture sector in
the midst of the Industrial Revolution 4.0 era, signifies the integration of technologies into the
industry. Numerous challenges in the agriculture sector were able to be decoded and formulated
efficiently. Over the past few years, research on smart farming has grown expeditiously, observing
every different cornerstone of the sector. This scoping review investigates the adoption of smart
farming technologies, addressing the critical issue of enhancing agricultural productivity and
sustainability. The main objective of this study is to investigate the adoption of exogenous factors
in smart farming technology through the lens of a scoping review, identifying the challenges faced
by stakeholders. Selections of articles from several different sources published between 2010 and
2024 with specific keywords were thoroughly observed. Valuable information was identified and
discussed, particularly the positive and negative factors influencing the adoption of smart farming.
This study found that while smart farming technologies hold promises for the transformation of the
agriculture field, widespread adoption is obstructed by technological, economic, and social barriers.
The study contributes to the understanding of smart farming adoption and serves as a bedrock for an
upcoming study in technology adoption, promoting efficient and sustainable agricultural practices.
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1. Introduction

The term “smart” is compatible across various domains, namely education, manufacturing, and healthcare
[1-5]. Smart farming technology emerged as the essence of a transformative technology in agriculture.
Driven by the Fourth Industrial Revolution (IR 4.0), smart farming signifies the integration of cutting-edge
technologies into conventional farming practices, promising a significantly efficient, sustainable, and
productive agricultural environment. With the rapid advancement of the world today, the agriculture sector
is set to witness a prominent transformation and pledge to address the challenges that arise [6].

Amidst this dynamic transformation, research and innovation on smart farming has seen an upward
trend, comprising different areas and disciplines of agriculture and technology [7-10]. Stakeholders of all
levels are actively exploring the potential of the technology. Therefore, understanding the factors
influencing technology adoption is important as it sheds valuable insights, including both positive drivers
and negative barriers.

The significance of adopting the technology extends beyond the business point of view. The study
focuses on the broader landscape of societal prosperity. Aligned with the 2030 Agenda for Sustainable
Development propelled by the United Nations, particularly the Sustainable Development Goal 2: Zero
Hunger, the adoption of smart farming technologies has become a crucial solution worldwide [11].
Collaborative initiatives between researchers, policymakers, and other stakeholders are essential to the
adoption of technology and the improvement of issues regarding food security in rural, suburban, and urban
areas.

This scoping review aims to provide a comprehensive overview of the factors influencing the smart
farming technology adoption. By analyzing the literature from a diverse source published between 2010
and 2024, this study seeks to identify the critical exogenous factors influencing the adoption process.
Through a systematic analysis of the literature, this review serves as a bedrock, laying the groundwork for
future research in this domain. The study is organized as follows. Section 2 describes the methodology
completely. Then, the analysis and discussion are in Section 3. Finally, Section 4 concludes the study.

2. Methodology

The study was performed through the scoping review lens. A scoping review is a method that renders an
overview, revealing the foundations of a research topic [12]. As proposed, a scoping review should include
the key phases which will govern the methodology section.

2.1 Formulation of research questions

The following research questions were developed within the key context of the study, which directed the
scoping review: (1) What are the main drivers of smart farming adoption? (2) What hinders the adoption of
smart farming technology? These questions were determined to be consistent with the primary objective of
the study, which was to observe the adoption of smart farming technology.

2.2 Inclusion and exclusion criteria

The study thoroughly examined literature from several different sources published between 2010 and 2024.
The fourteen-year period was selected due to the subject’s maturity, which is in line with the increased
interest in the topic and practical technological progress [13]. The nature of the review is on smart farming;
therefore, additional terms related to the topic are included. Literature written in languages other than
English and Malaysian was excluded to avoid any misunderstanding and mistranslation on the topic. Table
1 illustrates the inclusion and exclusion criteria in detail.
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Table 1. Inclusion and Exclusion Criteria.

Inclusion Exclusion
Articles on the subject matter “Smart Urban Avrticles written in other than
Farming”, “Urban Farming”, “Digital English and Bahasa Malaysia
Transformation”, “Agriculture” language
Indexed journal articles Indexed journal articles not
accessible online
Smart farming specifically in the IT domain Avrticles published before 2010

2.3 Search strategy

The databases used for the literature selection process were Scopus and Web of Science (WOS). A thorough
search was conducted with specific keywords “smart urban farming”, “urban farming”, “digital
transformation” and “agriculture”. Figure 1 depicts the search results in Scopus and WOS.

Refine search

Figure 1. Search Results

2.4 Screening and selection

Screening and selection of literature were conducted to ensure the quality of the review. In the first stage,
756 articles were identified. The process of elimination began, with 320 articles being discarded due to
duplication. The remaining articles were further examined by inclusion and exclusion criteria, discarding
59 articles. Further elimination process determined that 14 articles were eliminated due to the themes of the
research. The remaining articles were prepared for quality appraisal by experts in the field of smart farming
technology adoption. Seventeen articles adhering to the quality standard were deemed the most suitable for
the scoping review. Figure 2 illustrates the article selection process.
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Figure 2. Article Selection Process
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2.5 Data extraction and analysis

The 17 pieces of finalized literature that fit the research questions formulated were analyzed. Appropriate
and relevant data were extracted procedurally through a thorough observation of the literature. Firstly,
appropriate information was scanned using the title and abstract of the literature. Afterward, the conclusion
section was examined, followed by the body of the literature. Appropriate and relevant data that coincide
with the theme of the study were identified and drawn into a table in Microsoft Word software. The factors
weighed in the finalized literature were clustered (see Figure 3). Further analysis is discussed in section 3.

Workforce

15%
IT Knowledge
7%

Innovativeness ﬁ
11%

Social influence
37%

Figure 3. Factor Clusters from Previous Studies

3. Analysis and Discussion

Identified themes from the literature were discussed in this section. As illustrated in Figure 3, the main
factors that affect the adoption of the smart farming technology were grouped into five clusters, that are
cost (26%), social influence (37%), interest (4%), innovativeness (11%), IT knowledge (7%) and workforce
(15%). Other factors from these studies were ruled out based on the theme of the scoping review. Table 2

lists the factors determined.
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Table 2. Factors Determined from Previous Studies.

Factors
No. Source Cost I Social Interest Innovativeness T Workforce
nfluence Knowledge
1. Yoon,etal. [14] * *
5 Jaroenwanit, et al. * *
[15]
3. Yokamo [16] *
" McDonald, et al. *
[17]
5. Fox, et al. [18] * *
6. Li,etal [19] *
2 von Veltheim and * *
Heise [20]
8 Zhou and Abdullah
- [21]
9.  Michels, etal. [22] *
10. Salimi, et al. [23] *
11 Verma and Sinha -
- [24]
12.  Okoroji, et al. [25] * * *
13. Fox, etal. [26] * *
14.  Mohrand Kiihl [27] *
15 Bagheri and Emami -
- [28]
16. Daiand Cheng[29] * *
17. Caffaro, et al. [30] * *

Social influence has been so often interpreted differently. It can be defined as the behavior of
individuals towards something that meets the demands of the surrounding community. In a study, social
influence is described as “sociopolitical pressure” [20]. Social influence is considered one of the strongest
factors in technology adoption [18]. In another study, the factor significantly influenced the adoption of
smart farming technology [15]. Farmers are driven by the norms of their surroundings, and if the technology
is integrated, it would be considered a standard that will positively influence adoption. In a study, imitation
was mentioned, as well as peer effects and norm-based diffusion in social-cultural factors, which could be
interpreted as the same as social influence factors [16]. It was argued that cultural differences could both
positively and negatively affect the perspectives of locals in certain areas. However, these views could be
greatly influenced by participating in social groups, equipping participants with better information about
the technology, hence amplifying the adoption of the technology. In some cases, social influence may have
a negative influence on the technology adoption, depending on the practicality of the technology [25]. All
agreed that social influence has an impact on technology adoption [20, 24-26, 29]. However, in a slightly
different study conducted, particularly in precision agriculture technology, it was found that social influence
negatively influenced the adoption of the technology [19]. This may be caused by the intricate and hefty
farming management system. Similarly, in a study conducted which described in the proposed model, social
influence had no impact on the adoption of smart farming [23].
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The workforce is the backbone of any organization. Several studies supported the positive impact of
the factor towards the adoption [17, 22, 30]. However, they all described the factors in different contexts.
It was described that the entirety of all levels in an organization, from top to bottom, is taken in the context
of the workforce [17]. In another study, it was discussed that the job relevance of drones by individuals is
taken in the context of the workforce [22]. In another one, it was described that work should be done more
quickly and workloads should be reduced, taken into account in the context of the workforce [30]. Although
the positive impact of the factor is supported, it was pointed out that in some cases, workforce concerns
include not having enough laborers for physically demanding roles, lack of numbers of skilled laborers, and
roles displaced by autonomous robots which would potentially lead to a social problem [20]. This could
definitely influence the adoption rate of smart farming.

Innovativeness is a tendency to be engaged in and adopt an idea. This factor implies that individuals
or organizations that display higher levels of innovativeness are more likely to embrace new technologies.
This was supported by the fact that innovativeness has a positive influence on technology adoption [28].
Another study defined the innovativeness factor into the CEO’s role in an organization [14]. It was
determined that the factors do not influence the adoption of the technology. This suggests that external
factors other than the innovativeness of the head of the organization might play a crucial role in the adoption
of technology. In a different context, another study defined the innovativeness factor in the farmers [27].
Similarly, it was concluded that the factor does not have an influence on supporting the adoption of the
technology. However, it is important to note that this may be caused by the small sample size of their study,
which could limit the outcome [27].

IT knowledge is the awareness, familiarity, and practical ability of a technology. This factor
encompasses the IT skills possessed, including basic computing concepts and the capability to roam around
the tools to solve technical problems. Considering the rapid changes of the modern digital world, IT
knowledge enables individuals or organizations to effectively leverage technology effectively. A study
conducted supported the IT knowledge factor positively, especially in developing countries [25]. In this
particular case, technological advancements play a crucial role in economic and social development in
developing countries. Enhancing IT knowledge literacy and training to the masses in these regions could
aid in greater technology adoption, thereby contributing to the growth of the local economy and social life.
On the contrary, in a different study, it was found that the factor does not have any influence on the adoption
of the technology, which may be caused by the factor definition in a different context [14]. These strikingly
different findings indicate that the impact may vary based on the context defined and measured.

Interest can be defined as the attention and curiosity of a person engaged in something. In the smart
farming context, interest plays a crucial role in the acceptance of innovation. This significantly influences
the acceptance of the innovation made in conventional agricultural practice [15]. Interest by individuals in
smart farming technology would positively impact others around. This can be manifested in various ways,
such as seeking more information about smart farming, participating in lectures or sharing sessions, or even
experimenting with a new agricultural practice oneself. More often than not, these kinds of initiatives could
influence others around to do the same thing, creating a ripple effect among peers.

4. Conclusion
Technology adoption is known as an inevitable challenge at all levels of society, depending on the nature
of the technology. Integrating technologies into a conventional practice is a great idea on paper. However,
adopting that wholistically may invite convictions from all levels of parties. Such innovations will definitely
reshape the way any given field operates, including the users, consumers, businesses, industries, and
policymakers.

In agriculture, the integration of “smart” is not an alien term. Smart farming has been around for
quite some time. However, the adoption of smart farming itself has been rather low, especially in other
parts of the world where conventional farming is still a major practice. As this study reviewed, the adoption
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of the technology is rather demanding. Within the mounted methodology of the scoping review, several
main factors are determined in the scope of smart farming adoption. Social influence, workforce, cost,
innovativeness, interest, and IT knowledge. These factors, both positively and negatively, influence the
adoption of the technology.

In this day and age, within the realm of the 2030 Agenda for Sustainable Development, proposed by
the United Nations, governments play a vital role in assuring the prosperity of the nations for Sustainable
Development Goal 2: Zero hunger, especially the developing nations. Governments should collaborate with
researchers, experts, and other stakeholders, such as both SMEs and large corporations, to successfully
execute the bills. The efforts should also extend to individuals and households, creating awareness and
nurturing the culture of a self-sufficient home at all levels of society in rural, suburban, and urban areas.
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