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Abstract: Precision agriculture (PA) is a holistic, sustainable, innovative systems approach that assists
farmers in production management. Adopting PA could improve sustainable food security and
community economic sustainability. Developing an understanding of PA adoption attributes is
needed in order to assist extension practitioners to promote adoption and better understand the
innovation adoption phenomena. A systematic review of literature was conducted to investigate
attributes that foster PA adoption. Thirty-three publications were examined, and four themes were
found among the reviewed publications. The results were interpreted using Rogers’ diffusion of
innovations framework to address the research objectives. Relative advantage and compatibility
were two dominant attributes needed to strengthen the adoption of PA, and the complexity attribute
was rarely communicated to promote the adoption of PA. The systematic review indicated the rate of
farmer’s PA adoption does not occur at the highest potential levels due to inadequate communication
of PA attributes from change agents to farmers. Extension field staff need professional development
in communicating the five PA adoption attributes to farmers in order to improve PA adoption
and enhance local sustainable food security. Thus, authors recommend future complexity studies
from agricultural extension specialists’ perspectives to comprehend demonstratable approaches to
motivate farmers” adoption of PA.

Keywords: precision agriculture; agricultural extension; profitability; production quality; systematic
review

1. Introduction

The UN adopted new Sustainable Development Goals aiming to end poverty, protect
the planet, and ensure prosperity for all. In order to reach these goals, there is a need for
long-term impact and large-scale influence [1]. Local partners know the problems they face
and seek potential solutions. Adoption of a new approach (innovation) should have an
observable advantage over previous techniques, allow for trialability, and fit into the local
culture and resources availability. How can empirical research in journals be communicated
effectively to stakeholders? There is a need for social and behavioral scientists to serve in
translation science roles to help reach these goals.

Precision agriculture technology adoption is attracting more attention as a solution in
food production to feed a growing population [2]. The history of agricultural development
shows that the adoption of innovative technologies has been one of the essential factors
in the growth of agricultural production systems [3-5]. Wolde et al. [6] recommended the
2050 Food Challenge necessitates global science-based innovations that concentrate on
sustainable agricultural practices that support healthful dietary solutions.

From the perspective of information flow, the diffusion process of agricultural tech-
nology innovation involves government units, agricultural research and extension units,
agricultural marketing units, media units, and consumers. Agricultural extension plays
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an important role in the development [7] and knowledge transfer [8] of innovations that
sustain agricultural productivity. There are increased efforts from agricultural extension to
promote precision agriculture (PA) in production contexts, such as viticulture to improve
sustainability in Italy [9]. In Nigerian drylands, agricultural extension has been promoting
precision approaches to teach fertilizer application [10]. Pluralized agricultural extension is
perpetually faced with sustainability issues such as precision farming due to the cautious
nature of farmers toward change [11].

PA technology is a management tool for monitoring the efficiency of resource inputs
while reducing chemical use to avoid environmental damage and produce high quality
products to satisfy growing demand on food [12,13]. Precision farming is a holistic, innova-
tive systems approach that assists farmers in managing crop and soil variability to decrease
costs, improve yield quality and quantity, and enhance farm income [14]. PA applies tradi-
tional farming practices with new technology, practices, and economic drivers to enhance
sustainability in a dynamic balance [15]. Studies have reported positive outcomes from
PA adoption, including economic savings in productivity factors [16], increasing yield and
environmental sustainability [17], and improving food security and community economic
vitality in developing regions [18]. The International Society for Precision Agriculture
(ISPA) provides clarity and guidance on this important concept, to achieve the agricultural
production quality, create production profits, and improve the efficiency of resource use and
environmental sustainability [19]. Developing an understanding of PA adoption attributes
is necessary in order to assist extension practitioners in the promotion and adoption of PA.
Empirical evidence is needed for stakeholders to adopt this innovation [20].

The history of agricultural development suggests the adoption of innovative technolo-
gies has been a critical factor to improve sustainable livelihoods. However, several studies
specified that the adoption rates of PA were low [21-23]. Decisions by farmers to adopt new
technologies are multifaceted. PA adoption processes are complicated, and the intricacies
exist in diverse elements and interactions [24]. Farmers are intrigued by PA innovations but
are less convinced of its value even though they believe that PA technologies are useful to
farming [25,26]. Barriers to PA adoption included technical issues with equipment, access
to service software, the lack of compatibility of equipment to current farm operations [27],
concerns regarding service providers misuse of agricultural data, challenges of managing
the amount of PA data [28], user-friendly designs [10] and the cost [29,30].

Rogers’ [31] diffusion of innovation was applied as the theoretical framework to deter-
mine whether research on PA included adoption features that impact the rate of adoption.
Adoption refers to the decision to make full use of the innovation as the best available course
of action, while rejection refers to the decision not to adopt an innovation. In adopting PA,
knowledge and competences are required to acquire and manage data on farms [28]. Extension
participants” knowledge increased when taught PA innovations through hands-on experiences
with software, coupled with instructor guided and self-directed instruction [32].

Rogers’ [31] five perceived attributes include relative advantage, compatibility, com-
plexity, trialability, and observability. These attributes show research on farmers’ adoption
of PA factors can be impacted by extension specialists” workshops and training programs.
Relative advantage, the first persuasion attribute, refers to the degree to which innovation
is perceived as being better that to an existing idea or technology it replaced. The second
attribute, compatibility, represents the degree to which innovation aligns with existing
technology, past experience, and the needs of potential adopters. The third persuasion
attribute, complexity, is the degree to an individual perceived as the relative difficulty of
understanding and using an innovation. The fourth attribute is trialability, which is the
degree to which an innovation may be tested. Observability, the last attribute, is the degree
to which the results of an innovation can be seen by others.

A study on PA adoption by Lowerberg-DoBoer and Erickson [26] indicated that most
research was aimed at understanding the factors of PA adoption at the farm level. Previous
studies found that the use of PA was associated with higher production and profits [33,34];
however, whether the adoption factors related to yield and profit depended on the develop-
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ment of agricultural extension systems. There are few studies on the relationship between
agricultural extension systems and PA technology adoption. Therefore, it is necessary to review
the literature to examine the development of PA technology for evidenced-based decisions and
translational science to promote adoption through extension systems to stakeholders.

This study implemented a systematic literature review over the last 20 years to deter-
mine PA adoption attributes for extension agents to improve sustainability among farmers.
There were three research questions that guided this study: (a) What were the common
adoption attributes promoting PA? (b) What were the main crop varieties in promoting
PA adoption? and (c) What countries were represented? This systematic literature review
describes current trends and future directions in promoting PA adoption.

2. Materials and Methods

A systematic review is a method using an exhaustive and comprehensive search based
on explicit and strict protocols to review the existing literature with a synthesis of data
focusing on a topic or on related key questions [35]. There were five steps utilized to collect,
analyze, and interpret literature in this study. The first step was to identify the critical
question of the research. Then, the researchers formulated the search parameters of the
data selection procedure. The third step was to implement the systematic search procedure
in the database. Data analysis was the fourth step, and the interpretation and summary of
the materials were undertaken in the fifth step [36].

There were a variety of words employed to describe PA, including precision agri-
culture, precision farming, smart farming, smart agriculture, climate-smart farming, etc.
Data collected from databases such as ScienceDirect with these terms were not specific
enough. The intent was to investigate the trends of PA diffusion, not the characteristics
or application of PA. Therefore, to obtain the targeted literature, the researchers chose
Precision Agriculture, the premiere journal publishing PA scholarship, to conduct their
electronic search. Precision Agriculture provides an effective forum for the dissemination
of original research on topics in the rapidly evolving context of PA.

To understand the characteristics and role of the agricultural extension system in pro-
moting PA, the researchers selected 12 journals focusing on the field of agricultural extension
with the keyword, “precision agriculture.” Six extension journals were identified by SCOPUS
through a title search with extension as a keyword; Journal of Agricultural Education and
Extension, Journal of Extension, Journal of Agricultural Extension, Agricultural Administration
and Extension, International Journal of Agricultural Extension, and Journal of International
Agricultural and Extension Education. However, none of these SCOPUS identified extension
journals had literature respective to PA adoption in the last 20 years. The researchers expanded
their systematic review to six additional extension focused journals that had published agri-
cultural technology adoption studies all over the world; Journal of Extension and Human
Sciences, Journal of Extension Systems, Journal of Extension Education, Journal of Agricultural
Extension Management, Journal of Extension and Research, and Journal of Agricultural Exten-
sion and Rural Development. The additional six extension focused journals produced zero
publications respective to PA adoption. Results were filtered by key terms and publication
dates from 1999 to 2020 to ensure unbiased samples were collected. Precision Agriculture
was the only journal in the systematic review’s thirteen journal assessment of 20 years that
produced PA adoption inquiries within this study’s parameters and keywords.

The terms (T) and combinations (C) authors utilized for literature search were dis-
played in Table 1.

Literature was collected whose titles met the following themes on the publication title:
(1) Production quality; (2) Improved profitability; (3) Improved the efficiency of resource
use; and (4) Environmental sustainability. The themes were taken under the definition
of PA by the ISPA (ISPA, 2019). These themes were selected based on the purpose of this
study. Since our aim was to find the research that focused on PA adoption based on the
attributes of PA. The research team established a set of code definitions and data collecting
criteria (see Table 2).
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Table 1. Terms and Combinations for Literature Search.
T1: Production T2: Quali T3: Yield
T4: Crop T5: Profitability T6: Profit
Tesing T7: Efficiency T8: Resource T9: Benefit
T10: Effectiveness T11: Investments T12: Labor
T13: Worker T14: Sustainability T15: Environment
T16: Impact T17: Reduce T18: Precision agriculture
C1: T1 and T2 C2: T2and T3 C3: T3and T4
Combinations C4: T3 and T6 C5: T7and T8 Cé: T9 and T10
C7: T15 and T16 C8: T16and T17

Table 2. Descriptions of Coded Themes in the Systematic Review’s Data Collection Process.

Coded Theme Data Collection Process
i Productionand quality were keyword searches in publication titles in the journal and there were no results.
Production ii  Yield and quality were search keywords in journal titles and nine results were generated.
quality iii ~ Crop and quality were the key terms used to search in the title of publications and there were two articles fitting the
search term, but they were identical articles from the first search.
Fiivined i Profitability was the key term search in the title and nine results were produced.
prof?tability i Profit was utilized as a key term to search for the articles and there were two results fitting the search term.
iii ~ Profitand yield to search for articles and one article which was the same as the previous search in the theme one.
i Efficiency and resource generated zero results.
Improved the ii  Efficiency produced six results, but there was one article which was the same as the previous search in theme two.
efficiency of iii ~ Benefit and effectiveness revealed three articles and one search result indicated effectiveness.
resource use iv. Based on the definition of PA, resource use includes human and material resources; hence, we further used key terms,
investments, labor, and worker, to do the title search separately, and there were still zero results.
Biivivorinerital i Sustainability produced three results in titles.
sustainability ii  Environmentand impact had zero results.

Reduce and impact also had zero results.

2.1. Inclusion/Exclusion Criteria

Each article that met the coded themes was examined and were either included or
excluded from further investigation based upon the following criteria: (a) publication type
was peer-reviewed article that written in English; (b) search terms appearing in the title
of articles; and (c) articles must be published between 1999 and 2020. Table 3 displays the
implemented criteria for the systematic review.

Table 3. Eligibility Criteria for the review.

Inclusion Criteria Exclusion Criteria
Publication type was a peer-reviewed article Publication type was nonpeer-review
Articles were written in English Articles were not written in English
Search terms appearing in the title of articles Search terms other than in the title
Published in the period (1999-2020) Published prior to 1999

2.2. Data Extraction

There were 38 articles from the combination of keyword searches needed for further
eligibility screening. Six duplicate studies, and one book review article were excluded from
the data analysis after the second review. As a result, 31 publications were investigated.

Five elements of the articles were documented, including the title, the crop varieties
examined in the respective article, the region in which the study was conducted, the
number of research keywords used, and the unveiled innovation attributes respective to
PA. Data were extracted manually following a review of each full-text of publication and
recorded into an Excel spreadsheet to analyze.

2.3. Data Analysis

After data collection, all the publications were analyzed with the crop varieties, regions,
and keyword co-occurrence to provide descriptive statistics with narrative explanations. Three
researchers provided interrater reliability in the analysis process. A VOSviewer tool was used
to calculate the number of publications in which two keywords appeared together in the title,

20



Sustainability 2021, 13, 10295

50f15

abstract, or keyword list. VOSviewer creates a cluster analysis. Clustering is a method that
has the advantage of setting objects into a group by similarity or dissimilarity [37]. In general,
keywords with high relevance tend to be grouped into the same cluster. Node size is related to
the frequency of occurrence. The smaller the node, the lower the frequency of occurrence. The
line describes the linkage between two keywords, which presented the connection between
two keywords appearing in the same article. The thicker line means the stronger connection
between the two keywords [38]. In this study, authors conducted a network analysis to display
the trend and current status of researchers in promoting PA.

3. Results

Based on the systematic review, 31 publications were identified that met the coding
criteria. The analysis was considered based on (a) publications productivity, (b) crop
varieties, () regions, and (d) keyword frequency. Twelve selected agricultural extension
journals matched the data extraction criteria. From Precision Agriculture volumes 1 through
22, there were 31 articles whose titles met the keywords in four coded themes on the
publication title. Two of the 31 articles met the selection criteria in two different coded
themes. Figure 1 shows the preferred data selection item for systematic reviews.

Records identified from:
Precision Agriculture (n=715)

Records removed before

screening:
Records removed for lack
of key terms shown in the
title (n =677)

Records identified from:
Journal of Agricultural Education and |__,,
Extension, Journal of Extension,
Journal of Agricultural Extension,
Agricultural Administration and
Extension, International Journal of
Agricultural Extension, Journal of
International Agricultural and
Extension Education, Journal of
Extension and Human Sciences,
Journal of Extension Systems, Journal
of Extension Education, Journal of
Agricultural Extension Management,
Journal of Extension and Research,
and Journal of Agricultural Extension
and Rural Development (n = 0)

|
v

Identification

Duplicate records removed
(n=6)

Records screened (n = 38)

|

Studies assessed for eligibility Studies excluded:
(n=32) Book review (n=1)

l

Studies included in review
(n=31)

Screening

== |

Figure 1. PRISMA flow diagram of data selection procedure.
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3.1. Summary of Findings

Among the literature investigated (1 = 33), improved profitability was the most published
PA adoption theme. Twelve (n = 12, 36.4%) publications indicated improved profitably was
the dominant characteristic to promote the adoption of precision agriculture as illustrated in
Table 4. Improved proficiency use was the second theme (1 = 10, 30%, production quality was
the third ranking theme (1 = 9, 27.3%), and the final PA adoption theme was environmental
sustainability (1 = 2, 6.1%). The overall mean and standard deviation for the four PA adoption
themes were (M = 2.97, SD = 0.95) on the four-point anchored scale.

Table 4. Literature Analyzed Under the Coded Theme Improved Profitability.

Literature Title Crop Country
. Profitability and downside risk implications of site-specific nitrogen
Karatay and Meyer-Aurich [39] management with respect to wheat grain quality Wheat Germany
Mills et al. [40] The profitability of variable rate lime in wheat wheat USA
i i Variable-rate application of high spatial resolution can improve cotton N-use
Stamatiadis etal. [41] efficiency and profitability cotton Greece
Yost et al. [42] A long-term precision agriculture system sustains grain profitability S:)?ge':';“ USA
i 5 Effects of optical sensing based variable rate nitrogen management on yields,
Stefapinticlals[¢3] nitrogen use and profitability for cotton cotton UsA
e - . . ) . . - Central-
Tona et al. [44] The Pmﬁatiabl‘myf()f P:GC?IOH spraying (t)ntgpeaalty cr«:ps. a tlec}?n;lcal]—?c]gmmlc grape\ime, Sovithera
an: ySlS () pl’O fection equlpmen a mcreasmg echnol OglC evel app! e Europe
Effect of field geometry on profitability of automatic section control for chemical
Larson et al. [45] application equipment cotton USA
Boyer et al. [46] Profitability of variable rate nitrogen application in wheat production wheat USA
Maine et al. [47] Impact of variable-rate application of nitrogen on yield and profit: a case study N/A South Africa
from South Africa
- o Profitability of On-Farm Precipitation Data for Nitrogen Management Based on corn;
O'Neal et al. [48] Crop Simulation soybean USA
Young et al. [49] Site-Specific Herbicide Decision Model to Maximize Profit in Winter Wheat wheat; peas USA
Reyns et al. [50] Site-Specific Relationship Between Grain Quality and Yield wheat Belgium
* Duplicate record.

The theme of improving the efficiency of resource use was published the second most

commonly, in 10 articles (1 = 10, 30.3%) as presented in Table 5.

Table 5. Literature Analyzed Under the Coded Theme Improved the Efficiency of Resource Use.

Literature Title Crop Country
Stamatiadis et al. [41] * Variable-rate application of high spatial resqluhf)p can improve cotton N-use efficiency cotton Giesce
and profitability
Martinez et al. [51] A cost-effective canopy temperature measurement system for precision agriculture: a sugar Spain
case study on sugar beet beets
Pavuluri et al. [52] Canopy spectral reflectance can predict grain nitrogen use efficiency in soft red winter wheat wheat USA
Ampatzidis et al. [53] Portable weighing system for monitoring picker efficiency during manual harvest of cherry USA
sweet cherry tree
Ortiz etal. [54] Evaluation of agronomic and economic benefits ?f using RTK@PS-based auto-steer peanut USA
guidance systems for peanut digging operations
Go'mez-Cando’n et al. [55] Sectioning remote 1magery.f9r characterxzahon_ of Avena sterilis infestations. Part B: wheat Spain
Efficiency and economics of control
Rascher and Pieruschka [56] Spatio-temporal variations of phf)tosyntheslvs:‘ the potential of optical remote sensing to soybean; USA
better understand and scale light use efficiency and stresses of plant ecosystems avocado
Torbett et al. [57] Perceived importance of precision fa.rlrnlng tlechnolches inimproving phosphorus and cotton USA
potassium efficiency in cotton production
Biermacher et al. [58] Maximum benefit of a precise nitrogen application system for wheat wheat USA
5 ’ y o i 3 soybean-
Krell and Pedigo [59] Comparison o}\fAEshmated Costs and Benefits of Site .Speqﬁc Versus Uniform ok USA
anagement for the Bean Leaf Beetle in Soybean rotation

* Duplicate record.
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Furthermore, nine (17 = 9, 27.3%) articles have been published on production quality,
which are exhibited in Table 6.

Table 6. Literature Analyzed Under the Production Quality Coded Theme.

Literature Title Crop Country
Proximal fluorescence sensing of potassium responsive crops to develop improved wheat; :
Holland étal- [60] predictions of biomass, yield and grain quality of wheat and barley barley Alistralia
. . Stratified sampling in fruit orchards using cluster-based ancillary information maps: a .
Utikcetkebarria'etal. [61] comparative analysis to improve yield and quality estimates peach Spain
Spatial variability in grape yield and quality influenced by soil and crop 3
amoetal. [62] nutrition characteristics grape Spain
Aggelopulou et al. [63] Spatial variation in yield and quality in a small apple orchard apple Greece
; Evaluation of current and model-based site-specific nitrogen applications on wheat
Link etal, [64] (Triticum aestivum L.) yield and environmental quality Wheat Cemany
Jorgensen and Jergensen [65] Uniformity of wheat yield and quality using sensor assisted application of nitrogen wheat Denmark
Miao etal. [66] Spatial variability of soil properties, corn ﬂ\llality and yield in two Illinois, USA fields: —_— USA
implications for precision corn management
3 & Identifying important factors influencing corn yield and grain quality variability using
Miao etal. [67] artificial neural networks oorny usa
Reyns etal. [50] * Site-Specific Relationship Between Grain Quality and Yield wheat Belgium

* Duplicate record.

Environmental sustainability was the least published (1 = 2, 6%) adoption construct
from the systematic review analysis (see Table 7).

Table 7. Literature Analyzed Under the Coded Theme Environmental Sustainability.

Literature Title Crop Country
5 3 A i it cotton;
Kountios et al. [68] Educational needs and perceptions of the sustainability of precision vegetable; Gicece
agriculture: survey evidence from Greece A
Bongiovanni etal. [69] Precision agriculture and sustainability corn Argentina

There were thirty-nine (1 = 39) varieties of crops produced from the review. Wheat
(n =11, 28.2%) was the most PA produced crop, followed by corn (1 = 6, 15.4%), cotton
(n=5,13%), soybean (n =4, 10.3%), grape and apple each earned n = 2, 5.1%, and sugar
beets, cherry, vegetable, cereal, peach, peanut, avocado, barley, and peas n =1, 2.6% were
identical from the systematic review of the literature (see Figure 2).
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Figure 2. Distribution by crop variety.
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The published inquiries occurred in developed regions. The majority of the thirty-one
(n = 31) PA studies (n = 16, 51.6%) were conducted in the United States. The complete
analysis of the number of published studies in respective regions were USA 1 = 16, 51.6%,
Spain n = 4, 13%, Greece n = 3,9.7%, Germany n = 2, 6.5%, Argentina n = 1, 3.2%, Australia
n=1,3.2%, Belgium n =1, 3.2%, Central-South Europe 1 =1, 3.2%, Denmark n =1, 3.2%,
and South Africa n =1, 3.2% (see Figure 3).
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Figure 3. Distribution by Regions.

The VOSviewer tool was utilized to understand the variety of keywords used by re-
searchers frequently in Precision Agriculture. The results indicated the number of publications
in which 12 major keywords occurred together more than five times in the title, abstract, or
keyword list, producing a total strength co-occurrence linkage of 110. The results indicated
that the majority of publications had used these keywords, as depicted in Figure 4.

Figure 4. Number of publications keywords are presented.
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VOSviewer revealed the connection of research keywords for PA. The size of nodes
represented the frequency of keywords. The larger size of the node is the larger frequency
count. Asillustrated in Figure 5, the Agriculture node has the largest frequency of keywords
and was double in size compared to the second ranked keywords. Profitability, crop, and
agricultural economics also had higher frequencies. These three main clustered sections
(green, red, and blue) are primarily the themes researchers found promoted PA adoption.

soilfime
soybeans
9Gin crop fotation
wheat
landgiss crgps remotyensingug".w“y
agriculturalproduction
precisiofifarming cropyield
fertilizers
stides
pror‘imm..mcs \ agncult" industry
ag*)re experime@heoretical
agriculturdipractices i
sails usa
farting
.‘gricultu‘conomics
nitrtes.
frdits
cofton
farm maiagement

Figure 5. VOSviewer Analysis of Precision Agriculture (PA) Keyword Networks.

3.2. Findings of Innovation Attributes

Profitability and cost savings, yield and quality enhancement, and sustainability were
three major benefits frequently discussed in the studies. Rogers’ [31] five perceived attributes
of innovation were employed to interpret the findings of technologies. Within each innovation
attribute, several factors were the most prevalent in the investigated studies.

Relative advantage was illustrated, analyzed, inferred, and discussed in 29 of 31 publica-
tions. Out of 29 publications, 12 described the potential for PA adoption to reduce the amount
of fertilizer usage and improve fertilizer efficiency. Stefanini et al. [43] utilized real-time on-the-
go optical sensing measurements (OPM) to evaluate the profitability and nitrogen efficiency.
Torbett et al.’s [57] model also indicated that precision farmers found that PA technologies
were important for improving fertilizer efficiency. Out of 29 publications, 15 concluded that
adoption of PA applications could maintain profitability while reducing resource usage in
the conventional practice, thus improving yield and quality. Boyer et al. [46] implemented
plant sensing to determine the amount of nitrogen to apply in the field and found that the
technology had the potential to reduce nitrogen costs or increase grain yield and production
profit. Additionally, Young et al. [49] applied a computerized site-specific herbicide decision
model in the field and explained that a reduction on the herbicide dose could continue to
increase profits.

Compatibility was frequently included in the examined publications. Fourteen of 31 stud-
ies indicated that researchers applied the technologies based upon what farmers used in the
field. Studies by both Stefanini et al. [43] and Boyer et al. [46] designed research for variable-
rate nitrogen management currently applied by farmers. Reyns etal. [50] employed previously
developed sensors to obtain the grain yield data. Eight of 31 studies revealed that PA en-
hanced environmental protection by reducing fertilizer usage in which researchers applied
the PA technologies based on what farmers had been using, and a match to the existing
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values that PA may lead to more sustainable cropping systems. Yost et al. [42] stated that
even without profit gains, farmers should invest in PA to help environmental protection.
Kountios et al. [68] concluded that farmers who had a better knowledge of PA would have a
better acknowledgment of the environmental, economic, and social sustainability of PA.

There was one study explicitly addressing the complexity within 31 examined publica-
tions. Young et al. [49] stated that the computerized site-specific herbicide decision model
was easy to use. In addition, Karatay and Meyer-Aurich [39] noted that their study needed
to simplify complex production management to help with farmers” adoption of PA.

Trialability and observability were not explicitly addressed among studies, but 30 of
31 publications were conducted in on-farm trials or with computerized models. These
results provided methods to replicate the PA application which would be considered as
the attributes of trialability and observability. Figure 6 depicted the innovation attribute
addressed among 31 examined studies.

29(94%) 30 (97%) 30 (97%
14 (42%)
' ]E3%i
& S & & &

Innovation Attributes

S @
< (=]

Number of Publications
i
f=}

Figure 6. Descriptive Statistics of Innovation Attributes (1 = 31).

4. Discussion

The data presented here inform international agricultural extension agents with ev-
idence to promote the adoption of PA. Characteristics of PA as an innovation include
profitability and efficiency of resource use, production quality, and environmental sustain-
ability as attributes. Agricultural commodities produced from PA technology ranged from
wheat to peas. The majority of PA inquiries were conducted in the United States over the
last twenty years, which was consistent with the rate of adoption in the United States. PA
application allows farmers to better select crop varieties and allocate needed resources
to reduce costs and increase profit margins. This study indicated that PA was relatively
adopted in grain crops, such as wheat and corn, and legume crops, such as soybean, those
often grown to increase the food crop production to address food security.

Rogers’ [31] five perceived attributes of innovation explained the factors most PA
technologies commonly aligned to increase the adoption of PA. We concluded that relative
advantage and compatibility were two major factors that researchers considered to promote
their innovation. If something is perceived as better than the innovation proceeding and
compatible with farmers current situation, the rate of adoption will increase.

In this study, there were more publications targeted on improving profitability to
promote PA adoption. The results of the keyword frequency revealed that profitability and
economics were highly cited by researchers in the publication. Profitability motivates pro-
ducers to adopt PA because the innovation meets farmers economic needs also contributing
arelative advantage.
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Compatibility was another important reason that encouraged producers who adopt
PA. The number of articles published with the “Improved the efficiency of resource use”
theme was the second highest, which equates to Rogers’ [31] compatibility that innovations
align with the farmers’ norm of belief and perspectives. Farmers’ norms focus on producing
crops in an efficient way, such as reducing the fertilizer usage amount, implementing more
environmentally friendly production systems, or helping manual harvesting work, farmers
are more likely to adopt for these reasons.

Co-occurrence analysis was implemented to obtain dominant keywords from PA adoption
inquiries. Utilizing the VOSviewer tool, the researchers found clear themes on the diffusion
trends. Our team identified three topic clusters of PA researchers, including profitability, crop,
and agricultural economics, which demonstrate a research direction globally. The keyword
frequency results denoted experimental and crop yield were highly cited in the publications
that referred to Rogers’ [31] trialability and observability attributes of the innovation. There
were 30 of 31 articles analyzed in this study that described crop items in the experimental
field which demonstrates the innovation to farmers. Improved profitability was the dominant
theme that impacted sustainability of PA to improve farmers’ income [70]. Producers could
estimate and predict the yield and increase profit with PA applications.

The second dominant theme was improved efficiency of resource use related to farm-
ers’ concern about whether the PA technology was beneficial for producers to efficiently
manage their manual labor and production materials [71,72]. Farmers who adopted PA
were more efficient.

Theme three production quality indicated that farmers could use PA to improve the
crop quality more precisely, such as by using the recommended amount of fertilizer based
on the data, to have better market value on the production.

Technology’s perceived complexity can be a factor slowing the rate of farmer adop-
tion [31], and therefore, decreasing the odds of sustainability. None of the reviewed literature,
except one inquiry, addressed the complexity of PA. This study revealed low PA complexity
was the most poorly communicated adoption attribute, supporting Pathak et al.’s [24]
finding that complexity is composed of multifarious exchanges. Through trialability and
observability, it is imperative to demonstrate the ease of operation and cost of PA in compar-
ison to increased efficiencies (cost-benefit analysis). However, if PA is perceived excessively
complex or if complexity is unknown, farmers are likely to reject PA adoption [31]. So in
essence, the attribute of complexity is about the adoption of technologies that are perceived
as simple, or less complex. It is interesting that “ease of use” was not a prevalent theme.

5. Conclusions

With the continued increase in world population, limited capacity to expand the
availability of natural resources (e.g., water and land), and a changing climate, there is a
need to expand the adoption of precision agriculture approaches and tools. PA seeks to
increase agricultural production without degrading natural resource quality and building
resiliency of production systems to changing climate. Achieving these goals requires
agricultural extensionists to promote innovative tools that quickly and reliably measure
and monitor plant, soil, and atmospheric parameters in agricultural systems. As these tools
and approaches are developed, it is important to train the current and future agricultural
workforce, including educators, extension personnel, farmers, and ranchers with the
advanced and necessary knowledge and skills in precision agriculture technologies. Using
Rogers’ attributes of an innovation as a theoretical lens to analyze research manuscripts,
extension services can incorporate translation science to promote new practices.

This systematic literature review is exploratory and thus future research is needed
to provide greater generalizability. As shown in Figure 2, our study found that wheat
was the main crop variety of choice in promoting PA adoption, and PA adoption studies
mainly were conducted in the United States. However, rice is one of the top production
crops globally, yet none of the PA adoption literature focused on rice. China, India, and
Indonesia are the three main rice-producing countries in the world and China is also one
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of the largest producers of wheat. However, PA adoption in China, India, and Indonesia
were not present in the literature from the systematic review.

This study was conducted to understand PA adoption and the innovation’s sustain-
ability by farmers to support food production and increase food security. The agricultural
extension system plays an important role in the diffusion process of agricultural innovation.
The agricultural extension transfer process promotes education and training for farmers to
assist in the adoption of PA innovations to advance agricultural development and provide
sustainable solutions to agricultural issues [73]. However, zero literature matched the data
extraction criteria from 12 agricultural extension journals, revealing that there was a chasm
in the literature regarding agricultural extension agents, officers, or specialists” promotion
of PA adoption. This finding is important due to the unknown of who is professionally
developing agricultural extension field staff to promote PA adoption to target audiences. In
addition to the who is the how. The data from this study’s extension journal searches were
void of how extension agents are trained to improve farmer PA adoption and assessing
the adoption’s impact. This speaks volumes if global agricultural extension field staff
are expected to serve as change agents who promote and assess farmer PA adoption to
improve local food security. Beyond the who and the how, is the first, and more appropriate
question: are extension agents being professionally developed in the paradigm of farmer
PA adoption? If not, sustainable PA adoption may never occur. The vast majority of PA
adoption studies occurred in the U.S., but none of the studies indicated an extension agent
knowledge transfer process. In addition to farmers, agricultural extension agents need
education and training in PA adoption too.

The results of this study indicated previous inquiries did not fully examine the five
attributes to predict PA adoption. It is likely these researchers are content experts and
not familiar with change strategies, adoption and diffusion theory, or even translation
science. In particular, our inquiry found researchers exercised relative advantage [24] and
compatibility [27] as two dominant attributes to strengthen the adoption of PA. Improved
profitability and efficiency were the driving factors of adoption uncovered in the systematic
review juxtaposed to Pathak et al.’s findings [24]. This study provides a benchmark for
partnerships with global extension services to promote adoption (when and if these systems
are cultural appropriate). PA efficiencies can only impact stakeholders if the evidence from
research is translated to the end users. International extension agents can act as translational
scientists to increase communication channels for PA adoption primarily in trialability
and observability. As a part of farmer field schools or extension workshops, the issue of
“complexity” can be addressed by demonstrating and teaching farmers the ease of use of
these technologies.
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Introduction and Theoretical Framework
Precision agriculture (PA) adoption is a solution to food security (Mourhir et al., 2017). PAis a
management strategy that enables farmers to use spatial and temporal data to improve production
efficiency and quality, sustainability of agricultural practice, and cost minimization (Paustian &
Theuvsen, 2017). However, some PA technologies were adopted fast, while others have lagged
(Lowenberg-DeBoer & Erickson, 2019). PA adoption in marginalized smallholders is an important issue
for global poverty reduction. The majority of the global small farms, if defined by land size, are in Asia
and Africa (Lowder et al., 2014). They are the largest category of employment and small business group
among the poor (Gatzweiler & Von Braun, 2016). However, poor people are willing to use and accept
technologies that bring well-being (Rahman et al., 2017).

The lack of information is a barrier to adoption, and potential adopters can communicate with each other
(Rogers, 2003, Strong, 2012; Wynn et al., 2013). The agricultural extension system plays an important
role in providing PA information to producers. Kanter et al. (2019) reported adoption in smallholder
farmer of PA technologies are due to the lack of extension services and information dissemination. Lee
et al. (2021) found the absence of professional development for extension officers understanding of
promoting PA adoption with farmers.

Purpose and Objectives
The purpose of this study was to understand PA adoption strategies to assist agricultural extension
systems develop strategies to improve PA smallholder farmer adoption. Specifically, the objectives were:

1. Identify the strategies for PA adoption by smallholder farmers.

2. Provide future research directions for agricultural extension systems to better
provide strategies for PA adoption by smallholder farmers.

Methodology
This study implemented a case study methodology to focus on a contemporary phenomenon in real life,
in which boundaries between phenomenon and context are not clear (Yin 2009). This study analyzed the
global search trends by using Google Trends with the search terms precision agriculture, smart
agriculture, precision farming, smart farming, and climate-smart agriculture, and found that in the past
10 years, the search hotspots are in Asia and Africa, which are also the regions with the highest number
of smallholder farmers in the world. Therefore, two studies, Xie et al. (2021), a seven-year study of
smallholder farmers accessing and sharing the benefits of digital farming in China; and, Onyango et al.
(2019), a study of PA practices to improve smallholder farmers” productivity using systematic reviews
in Sub-Saharan Africa (SSA), are used as case studies in this study. To better depict the impact of PA on
smallholder farmers globally, this study also incorporated Rotz et al.’s (2019) study on how to transform
agricultural technologies in a way that supports the marginalized farmers in North America. Three
studies found to be helpful in addressing question concerning the impact of PA on smallholders that
requires more in-depth scholarly attention.

Result and Conclusions
A lack of literature exists respective to marginalized smallholder farmer adoption of PA. There were
three main categories of PA strategies used by smallholder farmers in both developed and developing
countries gathered from the case study.
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PA information accessibility

In developing countries, smallholder farmers received PA information indirectly. Formal and informal
educational channels should be recognized and communicated to smallholder farmers to improve PA
adoption (Kendall et al., 2021). Onyango et al. (2019) found there had been limited information on the
use of PA offered to smallholder farmers in SSA. Besides, the government's recommendation on
technologies does not recognize that there are differences between farms or regions. Xie et al. (2021)
identified that PA information was not directly perceived by smallholder farmers; instead, they realized
the use of PA by the outsourcing service. On the opposite, in the developed country like Canada, Rotz et
al. (2019) indicated that smallholders could get PA information through the internet or PA providers
directly. However, the problems smallholder farmers face was the increasingly economically oppressed
by agri-tech companies, agri-food, and retail giants in the food system. This oppression may be
exacerbated with the rise of agricultural data sharing.

Production efficiency

Xie et al. (2021) indicated that smallholder farmers could be involved in an organization (e.g.,
cooperatives) to increase their land operation efficiency in China. Onyango et al. (2019) summarized
that smallholder farmers increased productivity by exploring local means and resources available to
them in SSA. Establishing a local farmer organization seems to be a more practical solution for
smallholder farmers in developing countries (Xie et al., 2021). In developed countries, the situation is
just the opposite. Rotz et al. (2019) reported that many farmers sought to build and design equipment
and sensor systems themselves through technologies because smallholder farmers would be able to
control the end-product to reach the quality they preferred.

Production cost reduction

PA applications were targeted to lower production costs mainly on resources input (e.g., fertilizers)
without considering labor costs in the developing countries. In contrast, PA technologies targeted overall
costs included labor costs mainly in the developed country. Rotz et al. (2019) reported rising land costs
had forced smallholder farmers to adopt technologies to reduce labor costs, especially displacing
migrant laborers. PA smallholder farmers use of fertilizer applications was examined with Nigerian
farmers (Jellason et al., 2021).

Recommendations and Educational Importance
More global agricultural extension inquiries are needed to better understand smallholder farmer adoption
of innovations to ensure they are not neglected in the innovation-decision process (Rogers, 2003).
International agricultural extension practitioners should consider information accessibility, production
efficiency, and production cost reduction adoption characteristics of smallholder farmers when
developing PA technology promotion policies. Findings provide clarity that extension practitioners
should be aware that there are various strategies can be used to deliver PA adoption to smallholder
farmers, especially in the smallholder farmers of different context. Smallholder farmers are willing to
adopt PA (Rahman et al., 2017), but need to acquire adequate information. To increase global food
security under the multiplicity of changing climate and market variability requires the adoption of
proven PA technologies to meet these extraordinary challenges (Olsovsky et al., 2021).
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Abstract: Precision farming provides one of the most important solutions for managing agricultural
production to advance global food security. Extending professionals’ competencies to promote pre-
cision farming practices can increase the adoption rate, ultimately impacting food security. Many
studies have addressed barriers to the adoption of precision farming technologies from the farm-
ers’ perspective. However, few are available data on the perspectives of extension professionals.
Agricultural extension professionals play an important role in innovative agricultural technology
adoption. Thus, this study applied four constructs from the unified theory of acceptance and use of
technology (UTAUT) model to investigate behavioral intentions to promote precision farming among
extension professionals from two extension systems. In total, 102 (N = 102) agricultural extension
professionals were surveyed. The results indicated that performance expectancy and social influence
were individually significant predictors of extension professional behavioral intentions to promote
precision farming technologies. There were no significant differences between the professionals
of two extension systems. Gender, age, and years of service did not affect extension professionals’
intention to promote precision agriculture technologies. The data suggested the need for training pro-
grams to develop advanced competencies to promote agricultural innovation. This study contributes
to the future professional development programs for extension professionals on communicating
innovations to address food security and sustainability issues.

Keywords: innovative agricultural practices; UTAUT model; performance expectancy; social
influence; professional development programs; change agents

1. Introduction

Food security is an important issue worldwide. According to [1], the FAO anticipated
the depreciation of food security by 2030. As the global population grows toward 9.6 billion
by 2050 [2], many solutions have been proposed to meet future food needs while main-
taining the environment [3]. Many challenges, such as extreme climates, threaten food
security [4] and require global scientific innovation focusing on sustainable agricultural
practices that support healthy agricultural dietary solutions [5]. Food experts indicated that
while there is no single solution to food security, technology can play an important role in
global food security and in maintaining agricultural sustainability [6]. Currently, agricul-
ture has further opportunities to apply more intelligent tools because of the widespread
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use of digital technologies in various fields [7]. The advances in information and commu-
nication technologies have enabled farmers to access a large amount of site-specific data
for their farms, which provide farmers with the opportunity to apply precision-farming
approaches to make more accurate decisions to reduce unnecessary inputs and achieve
production quantity and quality [8,9]. Thus, precision-farming technologies have received
increased attention in providing solutions for food production to feed a growing global
population [10-13].

Precision agriculture is the application of information technology to manage agricul-
tural production to better advance global food security [11]. In addition, adopting precision
agriculture technologies is necessary to adjust to [14] extreme climates that can bring new
pests and diseases [15]. However, studies have noted that precision farming technolo-
gies require a variety of knowledge and skills among farmers and that the application of
these technologies on farms may change farmers” approach to farm management from an
experience-driven to a data-driven practice [16,17].

Extension professionals serve as agricultural change agents that represent an organiza-
tion in local communities by interfacing with community leaders and stakeholders [18]. The
extent farmers observe members of their social system using precision-faming applications
influences the cultural structure (change agents and opinion leaders of farmers [19]. Farmer
are more willing to use an innovation that is promoted by an opinion leader in their social
system versus one that is not. However, the difficulties in accessing the technology and
extension service create barriers to adopting agricultural technology [20]. The adoption
of precision farming technologies depends much on the extension’s dissemination of each
innovation’s advantages [21]. Agricultural extension change agents are a factor that in-
fluences the decision-making process of farmers to adopt or reject innovations [22]. Lee
et al. [23] found that extension professionals in the extension system lacked professional
development in promoting the adoption of precision farming technologies by farmers.
Lack of information dissemination and extension service will result in a low precision
farming technologies adoption rate [24]. Emmanuel et al. [25] suggested that various insti-
tutions should train more extension professionals because they have significant impact on
agricultural innovative technology adoption by farmers. Therefore, developing extension
professionals” competency to enhance production practices with precision farming tech-
nologies is a necessary part of improving services that meet the needs of farmers [26]. Many
studies have addressed barriers to adoption of precision-farming technologies, including
accessibility, socioeconomic status (e.g., age, gender, education), digital divide, misinfor-
mation, and availability [27]. However, there are few data on extension professionals’
behavioral intention to promote precision farming technologies to increase the adoption
rate by farmers. In addition, due to the nature of the precision farming technology, adoption
and diffusion vary by crop variety, region, and country [28]. Thus, this study’s purpose was
(1) to explore the perspectives of agricultural extension professionals from two extension
systems in the United States and (2) to identify the factors that influence their intentions to
promote precision farming technology practices. The contribution of this study sought to
improve precision farming information dissemination, extension professional development
needs, and approaches to improve farmer adoption of precision farming innovations that
optimized food chain and land sustainability.

2. Theoretical Framework

The unified theory of acceptance and use of technology (UTAUT) model by
Venkatesh et al. [29] was used to investigate the behavioral intentions of agricultural
extension professionals, including county agents and state specialists, to promote preci-
sion farming technologies in their extension roles. The UTAUT model combines eight
prior models or theories to explore technology adoption [29]. Many studies indicated that
the UTAUT variables applied to determine users’ technology adoption vary in different
contexts [30]. Many studies applying the UTAUT model in an agricultural context have
focused on technology adoption by end users (i.e., farmers) [31], not by promotors. The
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UTAUT model has proved to be an appropriate contextualization tool to measure the
adoption of agricultural technologies [32,33]. Four main constructs play important roles
as variables influencing individuals” acceptance behavior: performance, effort expectancy,
social influence, and facilitating conditions.

Performance expectancy refers to the degree to which an individual believes using
technologies improves performance [34]. Viewing the relevant models integrated into the
UTAUT model, performance expectancy echoes the perceived usefulness of technology
acceptance model [35] and relative advantage of innovation of diffusion theory [22].

Effort expectancy is the perception of ease of use. If individuals feel they don’t need to
make a huge effort to use technology, their willingness to use it will increase [36].

Social influence is the extent to which individuals believe that people who are impor-
tant to them think they should use technology. Prior studies have indicated that social
influence can affect individuals’ behavior [37].

Facilitating conditions refer to the extent to which an individual believes that infras-
tructure to support the use of the technology exists. Studies have demonstrated that the
higher the facilitating conditions provided, the greater the chances of technology adoption
by end users [38,39].

Venkatesh et al. [29] identified four moderators—age, gender, voluntariness, and
experience—that may affect the relationship between four key determining constructs
and intention of innovation usage. Existing UTAUT studies supported age, gender, and
experience as moderators in innovation adoption [40-42]. However, expectations about
an individual to engage in precision farming technology promotion and adoption may
change through age and previous work experience [43]. Thus, in this study, we modified
the UTAUT model to include age, gender, and experience as independent variables instead
of moderating variables. We used participants’ years of service in extension positions of the
participants as a variable of experience. The modified UTAUT model is shown in Figure 1.

{ Performance Expectancy ]

{ Effort Expectancy ]\

Behavioral
Intention

{ Social Influence

Years of Service

{ Facilitating Conditions

Figure 1. Modified Venkatesh et al.’s [29] UTAUT model used in this study.

This study used this conceptual model to examine whether selected factors of extension
professionals affect their behavioral intentions to promote precision farming technologies.
Specifically, the objectives of this study were to:

(1) Describe agricultural extension professionals’ performance expectancy, effort ex-
pectancy, social influence, facilitating conditions, and behavioral intentions to promote
precision farming technologies.

(2) Investigate the relationship between performance expectancy, effort expectancy, social
influence, and facilitating conditions on agricultural extension professionals’ behav-
ioral intentions to promote precision farming technologies.

(3) Examine the mean difference of four variables—performance expectancy, effort ex-
pectancy, social influence, and facilitating condition—between two extension sys-
tem groups.

(4) Predict behavioral intentions using independent variables (performance expectancy,
effort expectancy, social influence, facilitating conditions, age, gender, and years
of service).
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3. Method
3.1. Population and Samples

The technology that can be applied to precision farming varies by crop and region [28].
Therefore, to have a more complete understanding the perspectives of agricultural Exten-
sion professionals in various fields toward the promotion of precision farming, this study
selected two extension systems—the University of California’s Cooperative Extension (UC
Extension) and the University of Tennessee Extension (UT Extension)—in the United States
and conducted a survey design with an instrument distributed to 468 agricultural extension
professionals in the UC and UT extension systems. The research procedures and instrument
were approved by Texas A&M University under IRB 2022-0175M for the implementation
of the study with these two extension systems.

The population comprised individuals identified as extension agents or specialists who
may actively or possibly work with precision farming technologies with crop producers
in their role in either the UC or UT extension systems. We used a list of UT extension
professionals obtained from the University of Tennessee Extension Department and a list
of California Extension professionals identified by the first author as the sampling frame.
Random sampling was used to select participants from the sampling frame [44]. The sample
consisted of 102 agents and specialists—51 from UT Extension and 51 from UC Extension.

Food crops were the primary crop among extension professionals who responded to
the survey—32 of 37 UC extension professionals (1 = 32, N = 37; 86%) and 39 of 46 UT
extension professionals (1 = 39, N = 46; 85%) responded with crop varieties they worked
with. The extension professionals in the two extension systems differed in the types of
crops they specialized in within the food crop category. According to the crop variety
answered by the participants, the food crop category included vegetables (i.e., leafy green,
onion, lettuce, etc.), fruits (i.e., watermelon, berries, etc.), and grains (i.e., rice, wheat, etc.).
In total, 29 of 46 UT Extension professionals (n = 26, N = 46; 52%) reported that grains
were the dominant food crops they specialized in and that fruits (n = 10, N = 46; 22%)
were the least-reported crop for their work. UC extension professionals’ responses in
terms of crops were the opposite of UT’s responses, with fruit reported as the primary
crops in which extension professionals worked—with 25 of 37 UC Extension professionals
responding (n = 25, N = 37; 68%)—while grains (n =5, N = 37; 14%) were the least-reported
crop varieties in which they specialized. Figure 2 depicted the types of crops in which the
surveyed extension professionals from two extension systems were specialized.
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Figure 2. Crop variety worked on by surveyed extension professionals in two extension systems.
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3.2. Data Collection

A questionnaire was developed to operationalize and measure five constructs im-
portant in this study (performance expectancy, effort expectancy, facilitating conditions,
social influence, and behavioral intention to promote precision agriculture technologies).
Each construct was measured using a multi-item scale. To measure participants’ level of
agreement with the provided statements for performance expectancy, effort expectancy,
facilitating conditions, social influence, and behavioral intention constructs, we used a
5-point response scale of 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree,
4 = agree, and 5 = strongly agree. The statements used to measure each construct were based
on the literature [45] and were adjusted slightly to be appropriate for research objectives.
We developed the questionnaire in the Qualtrics survey platform, and we administered the
questionnaire via email. We followed Dillman et al.’s [46] five-step survey design method
to contact participants and collect data.

A total of 102 participants accessed the instrument with a response rate of 22% (1 =102,
N =468). In total, 71 out of 102 participants responded with their gender, and more than half
of the participants who answered the gender question were male (n =51, f = 68.92%). We
used a cross-sectional design in which we tested age differences based on U.S. Census age
groups between young (<34 years), middle-aged (35 to 54 years), and older (>55 years) par-
ticipants. In addition, we tested the experience variable using groups of lesser (<10 years),
moderate (10 to 20 years), and high (>20 years) experience. In total, 72 out of 102 partici-
pants responded with their age and years of service. The age range of participants was 25
to 75 years, with a mean age of 49 years old (n = 72, SD = 14.95). The participants’ years of
service as an extension agent or specialist ranged from less than 1 year to 49 years, with
a mean of 17.59 years of service (n = 72, SD = 14.21). Table 1 summarizes some of the
demographic characteristics of the sample.

Table 1. Participants’ demographic characteristics.

Characteristics f %
UT Extension UC Extension Total
Gender
Male 34 17 51 68.92
Female 8 12 20 27.03
Prefer not to answer 0 3 3 4.05
100.00
Age
Under 34 years 7 5 12 16.67
35 to 54 years 15 15 30 41.67
55 years and older 13 17 30 41.67
100.01
Years of Service as an Extension
Agent/Specialist
Less than ten years 12 20 32 4444
10-20 years 7 2 9 12.50
More than 20 years 18 13 31 43.06
100.00

3.3. Data Analysis

We used SPSS 28.0 to analyze the data collected through the Qualtrics survey platform.
Descriptive and inferential statistics were used to analyze data [47]. Cronbach’s [48] alpha
coefficients were calculated to measure the internal consistency of five constructs of this
study, yielding coefficients of 0.93 for performance expectancy, 0.90 for effort expectancy,
0.72 for facilitating condition, 0.84 for social influence, and 0.96 for behavioral intention. In
addition, Cronbach [48] indicated that reliability coefficients of 0.70 or higher are acceptable
and that those of 0.80 or higher are good.
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Davis’ [49] conventions were used to describe the magnitude of the correlation between
pairs of variables: 0.01 > r > 0.09 = Negligible, 0.10 > r > 0.29 = Low, 0.30 > r > 0.49 =
Moderate, 0.50 > r > 0.69 = Substantial, r > 0.70 = Very Strong. ANOVA analysis and t-test
were used to test the group mean differences of the significant independent variables. A
Pearson correlation analysis was used to examine the relationship between constructs used
in the UTAUT model. The multiple linear regression analysis was used to test whether four
constructs (performance expectancy, effort expectancy, social influence, and facilitating
conditions) have statistically significant power to predict the dependent variable, behavioral
intention to promote precision-farming technologies. The regression model used in this
study is shown below.

Y =Bo + B1X1 + PaXo +B3X3 + PaXg +e

Y = Dependent variable

Bo = Population Y intercept

i = Population Slope Coefficient
Xi = Independent Variable

e = Random error

4. Results
4.1. Descriptive Results

The first objective of this study was to describe agricultural extension professionals”
performance expectancy, effort expectancy, social influence, facilitating conditions, and
behavioral intentions to promote precision farming technologies. Data collected from the
Tennessee extension system showed that the highest-scoring construct was “Behavioral
Intention” (M = 3.36, SD = 0.72); the lowest-scoring construct was “Facilitating Conditions”
(M =3.00, SD =0.77). Only the grand mean of facilitating conditions construct was 2.78
(SD = 0.64), which was lower than 3.00; the other four grand means of constructs were all
slightly higher than 3.0, indicating that the Tennessee respondents slightly agreed with the
statements provided by the survey (Table 2).

Table 2. Descriptive statistics for UTAUT constructs of UT extension participants.

Constructs n M SD
Behavioral Intention 44 3.36 0.72
Performance Expectancy 45 3.33 0.75
Social Influence 44 3.19 0.56
Effort Expectancy 45 3.00 0.77
Facilitating Conditions 44 2.78 0.64

Note. Grand mean = 3.13, SD = 0.69, scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and
5 = strongly agree.

Data collected from the UC extension system showed that, similarly to data collected
from Tennessee participants, the highest-scoring construct was “Behavioral Intention”
(M =3.53, SD = 0.68); the lowest-scoring construct was “Facilitating Conditions” (M = 2.72,
SD = 0.78). The grand means for all four constructs were slightly higher than 3.0, except
for the construct of facilitating conditions, which had a grand mean below 3.0 (M = 2.72;
SD = 0.78), indicating slight agreement among UC Extension respondents with the construct
statements provided in this study (Table 3).
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Table 3. Descriptive statistics for UTAUT constructs of UC extension participants.

Constructs n M SD
Behavioral Intention 37 3.53 0.68
Performance Expectancy 38 3.34 0.87
Social Influence 37 3.20 0.70
Effort Expectancy 37 3.00 0.78
Facilitating Conditions 37 272 0.78

Note. Grand mean = 3.16, SD = 0.76, scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and
5 = strongly agree.

4.2. Inferential Results
4.2.1. The Relationships between UTAUT Constructs

A Pearson correlation coefficient was computed to determine the linear relationship
between behavioral intention and performance expectancy, between behavioral intention
and effort expectancy, between behavioral intention and facilitating conditions, and be-
tween behavioral intention and social influence. The results analyzed from data collected
from Tennessee participants indicated significant positive relationships between behavioral
intention and other four constructs, performance expectancy (r = 0.80, p < 0.01), effort
expectancy (r = 0.53, p < 0.01), facilitating conditions (r = 0.50, p < 0.01), and social influence
(r=0.67, p < 0.01; see Table 4).

Table 4. Correlation between UTAUT constructs of UT extension participants.

Performance Behavioral Social Effort Facilitating
Expectancy Intention Influence Expectancy Conditions
Performance Expectancy -
Behavioral Intention 0.80* -
Social Influence 0.64* 0.67 * -
Effort Expectancy 0.59 * 0.53* 0.33* -
Facilitating Conditions 043 * 0.50 * 0.35* 0.62* -

Note. * p < 0.05. Magnitude: 0.01 > r > 0.09 = Negligible, 0.10 > r > 0.29 = Low, 0.30 > r > 0.49 = Moderate,
0.50 > r > 0.69 = Substantial, r > 0.70 = Very Strong (Davis, 1971).

The Pearson correlation coefficient results analyzed from data collected from the
UC extension participants indicated significant positive relationships between behavioral
intention and the other four constructs, performance expectancy (r = 0.68, p < 0.01), effort
expectancy (r = 0.49, p < 0.01), facilitating conditions (r = 0.55, p < 0.01), and social influence
(r=0.72, p < 0.01; see Table 5).

Table 5. Correlations between UTAUT constructs of UC extension participants.

Performance Behavioral Social Effort Facilitating
Expectancy Intention Influence Expectancy Conditions
Performance Expectancy -
Behavioral Intention 0.68* -
Social Influence 058* 072+ -
Effort Expectancy 048 * 049 * 0.51* -
Facilitating Conditions 038 * 0.55* 0.53* 0.67 * -

Note. * p < 0.05. Magnitude: 0.01 > r > 0.09 = Negligible, 0.10 > r > 0.29 = Low, 0.30 > r > 0.49 = Moderate,
0.50 > r > 0.69 = Substantial, r > 0.70 = Very Strong (Davis, 1971).

4.2.2. Determine the Mean Differences of Variables among Participants from Two
Extension Systems

We conducted a series of independent sample f-tests to examine the mean difference of
UTAUT variables (performance expectancy, effort expectancy, social influence, facilitating
conditions, and behavioral intention) among participants from two different areas. The
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results of the t-tests showed no significant mean differences between the two groups for all
variables (see Table 6).

Table 6. t-test results for comparing UT extension participants and UC extension participants.

Group n M SD t df 4
Performance Expectancy
UC Extension 38 3.34 0.75 —0.04 81 0.97
UT Extension 45 3.33 0.87
Effort Expectancy
UT Extension 45 3.00 0.77 0.07 80 0.95
UC Extension 37 299 0.78
Social Influence
UC Extension 37 3.20 0.56 —0.06 79 0.95
UT Extension 4 3.19 0.70
Facilitating Conditions
UT Extension 4 2.78 0.64 0.35 79 0.73
UC Extension 37 2.72 0.78

Note. Scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and 5 = strongly agree.

The results in Table 1 show that the two groups of respondents who were middle-
aged (35 to 54 years) and older (>55 years) with longer service made up the majority of
respondents, and the number of respondents was the same. Therefore, we also conducted
an independent sample {-test to investigate the mean difference in participants’ behavioral
intentions from two different age groups with 30 participants in each group. The result of
the t-test indicated no significant mean differences between the two groups (see Table 7).

Table 7. t-test results for comparing participants’ age Groups.

Group n M SD t df 14
Behavioral Intention
55 years and older 30 3.46 0.75 -112 58 0.27
35 to 54 years 30 3.26 0.67

Note. Scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and 5 = strongly agree.

The results in Table 1 show that the two groups of respondents with fewer than
10 years of service and those with more than 20 years of service made up the majority of
respondents, and the number of respondents was similar. Therefore, we conducted an
independent sample t-test to investigate the mean difference in participants” behavioral
intentions from two different years of service groups. The result of the t-test indicated no
significant mean differences between the two groups (Table 8).

Table 8. t-test results for comparing participants’ years of service groups.

Group n M SD t df 14
Behavioral Intention
Fewer than 10 years of service 32 3.72 0.57 1.64 61 0.11
More than 20 years of service 31 347 0.65

Note. Scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and 5 = strongly agree.

The results in Table 1 showed that more than 69% of respondents were male. There-
fore, we conducted chi-squared analysis, and the results indicated that each independent
variable—including performance expectancy (X?(4, N = 51) = 37.12, p < 0.01), effort ex-
pectancy (X?(4, N = 51) = 17.71, p < 0.01), social influence (X?(4, N = 51) = 19.83, p < 0.01),
and promotion condition (X%(4, N =51) =14.19, p = 0.01)—had a significant relationship
with the dependent variable, the behavioral intention of extension professionals to promote
precision agriculture (see Table 9).
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Table 9. A comparison of the chi-squared for four UTAUT constructs and behavioral intention
construct in male participants.

Negative Intention Moderate Intention Positive Intention
n % n % n % X2 r
Performance Expectancy
Negative Opinion 6 11.8 3 59 0 0 37.12 <0.01*
Moderate Opinion 5 9.8 17 33.3 4 78
Positive Opinion 0 0 2 39 14 275
Effort Expectancy
Negative Opinion 7 13.7 1 21.6 1 20 17.71 <0.01*
Moderate Opinion 3 59 1 21.6 11 21.6
Positive Opinion 1 20 0 0 6 11.8
Facilitating Conditions
Negative Opinion 9 14 14 275 4 78 14.19 0.01 *
Moderate Opinion 2 8 8 157 11 21.6
Positive Opinion 0 0 0 0 3 59
Social Influence
Negative Opinion 5 4 4 7.8 0 0 19.83 <0.01*
Moderate Opinion 6 18 18 353 12 235
Positive Opinion 0 0 0 0 6 11.8

Note. * p <0.05. Three groups were used for each independent variable, coded as Negative Opinion = scale
1-2, Moderate Opinion = scale 3, and Positive Intention = 4-5. Three groups were used for Behavioral Intention,
coded as Negative intention = scale 1-2, Moderate intention = scale 3, and Positive intention = scale 4-5. Scale:
1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, and 5 = strongly agree.

4.2.3. Determine the Predictor of Behavioral Intention to Promote
Precision-Farming Technologies

For the final objective of this study, we sought to determine whether the seven inde-
pendent variables (performance expectancy, effort expectancy, social influence, facilitating
conditions, age, gender, and years of service) used in this study could be predictors of
extension professionals” behavioral intention to promote precision-farming technologies.
To assess the multiple linear regression analysis, we coded four UTAUT predictors, per-
formance expectancy, effort expectancy, social influence, and facilitating conditions as
1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree, to 5 = strongly agree. In addition,
the moderator gender was coded as 1 = male, 2 = female, 3 = other, and 4 = rather not
answer. The independent variable, age, was analyzed using the actual age of the partici-
pants as a quantitative variable rather than a categorical variable in this study to include
more information.

We regressed the dependent variable, behavioral intention to promote precision agri-
culture technologies, on the independent variables. The table below illustrates the multiple
linear regression model (R? = 0.65, F = 15.67, p = < 0.01). The model explained 65% of
the variance in behavioral intention scores. The results indicated that two constructs,
performance expectancy (p < 0.01) and social influence (p < 0.01), significantly predicted
behavioral intention. In addition, the other two constructs, effort expectancy (p = 0.58) and
facilitating conditions (p = 0.07), were not significant predictors of behavioral intention.
The regression analysis results also revealed no statistically significant interaction between
the effects of moderators of age, gender, and years of service on individuals’ behavioral
intention to promote precision farming technologies. Participants predicted behavioral
intention to promote precision farming technologies was equal to 0.33 (intercept) + 0.36
performance expectancy + 0.36 social influence. The regression model explained that 65%
of the variance of extension professionals” intention to promote the technologies was due
to their beliefs of performance expectancy and the social influence of precision farming
technologies for agriculturalists (Table 10).
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Table 10. Regression coefficients of all independent variables on behavioral intention.

Independent Variable Beta SE B t 4
Performance Expectancy 0.36 0.10 042 3.75 <0.01*
Social Influence 0.36 0.11 0.32 3.21 <0.01*
Facilitating Conditions 0.18 0.10 0.20 1.84 0.07
Effort Expectancy 0.05 0.09 0.06 0.55 0.58
Gender 0.01 0.08 0.01 0.07 0.94
Age 0.01 0.01 015 0.90 0.37
Years of Service —0.01 0.01 -0.23 -1.39 0.17

Note. *p <0.05.

5. Discussions

The descriptive results revealed that the grand means for behavioral intention, per-
formance expectancy, effort expectancy, and social influence indicated that extension pro-
fessionals in both states slightly agreed with the statements provided by the instrument
used in this study. However, the grand means of facilitating conditions in both states
indicated that extension professionals slightly disagreed with the statements provided
by the instrument, indicating that extension professionals believed that the lack of suit-
able technical and organizational environmental support would reduce their intention to
promote precision agriculture.

According to the findings of this study, there were no significant differences between
UT and UC extension participants. Age and years of service were not variables that
affected extension professionals” intentions to promote precision-farming technologies. In
addition, older or younger extension professionals and those of different amounts of service
experience did not significantly affect the extension professionals’ behavioral intention to
promote precision farming technologies. The professionals surveyed are willing to promote
farming technologies as long as they have opportunities to enhance their performance
expectancy, effort expectancy, social influence, and facilitating conditions.

The regression results are consistent with the previous studies [50,51] applying the
UTAUT model to the field of technology use, indicating that performance expectancy
and social influence are significant predictors of technology acceptance. The finding
indicates that an extension professional’s or others” perceived expectation that an extension
professional will benefit from improved performance may be a motivator for promoting
the technology adoption.

6. Conclusions and Implications

The data revealed gaps in information dissemination, professional development needs
for current and future professionals’ training opportunities, and strategies for improving
farmer adoption. The adoption of precision farming technologies is one strategy for
improving sustainable food chains and systems. Agricultural extension, change agents,
and professionals serve essential roles in disseminating innovation attributes across local
communities in the battle to sustain food chains and improve land sustainability. Given the
low response rate and focus on two states, we recognize that the data can be generalized
to only the two state extension systems investigated. However, findings can be used by
others to guide future studies.

The very strong and substantial significant positive correlation coefficients of all
UTAUT independent variables on behavioral intention indicated that extension profes-
sionals need to be supported with professional development training to enhance their
competencies in promoting precision agriculture technologies. Extension professionals in
both state extension systems had similar intentions to promote precision agriculture tech-
nologies to stakeholders [29]. The data informs extension administrators, program leaders,
professional development staff, and specialists of variables necessary in professional devel-
opment to improve extension professionals’ promotion of precision farming technologies.
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The results indicated that there were no significant differences in the agreements
of all constructs (performance expectancy, effort expectancy, social influence, facilitating
conditions, and behavioral intention) used in this study between extension professionals
from two state extension systems. In addition, gender, age, and years of service were not
variables that affected extension professionals’ intention to promote precision farming
technologies. Thus, we concluded that there is no need to target a specific age, gender, or
years of service experience range and that we should instead use a generalized approach.
Data indicated that extension professionals believed their behavior to promote precision
farming technologies was related to performance expectancy, effort expectancy, social
influence, and facilitating conditions. The regression model explained that 65% of the
variance of extension professionals” intention to promote the technologies was due to
their beliefs of performance expectancy and the social influence of precision agriculture
technologies for agriculturalists.

Many studies have examined the implementation of the UTAUT model with the
technology’s acceptance [52]. Still, few research appear to have explored the acceptance
of the promotion of precision agriculture from the agricultural extension professionals
perspectives. Therefore, this study has expanded the UTAUT application in an agriculture
context with new technology (precision farming).

The current study provides a primary understanding of factors influencing agricul-
tural extension professionals’ behavioral intention to promote precision farming technology
adoption. We further suggest training programs addressing the development of advanced
competencies needed to promote agricultural innovation as supported by [26]. Agricultural
program development specialists must be aware that age, gender, or years of service are not
barriers to extension agents and specialists promoting precision farming technologies. The
results of performance expectancy, effort expectancy, social influence, facilitating conditions,
and behavioral intention [29] among extension agents and specialists from different states
highlight the importance of how training programs can comprehensively apply to different
areas to help effectively facilitate the diffusion of precision agriculture technologies and
bridge the gap in precision agriculture information dissemination channels. Social net-
work systems, such as mentorship, can be leveraged to encourage extension professionals
to engage in precision agriculture dissemination. This study contributes to the future
professional development programs for agricultural extension professionals on communi-
cating agricultural innovations with educators, extension agents and specialists, producers,
and stakeholders to address food security, climate change adaptation, and sustainability
issues [21].
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