Chapter 11
How to Model the Adoption and Perception
of Precision Agriculture Technologies

Giacomo Carli, Vilma Xhakollari, and Maria Rita Tagliaventi

Abstract The adoption of precision agriculture has shown to positively affect the
performance of farms, even though its benefits vary according to the size of farms
and their location. In light of the promising avenue that precision agriculture opens
up, it is essential to understand which factors may facilitate its diffusion, and
through which processes. This chapter focuses on the models proposed to explain
technology adoption: Theory of Reasoned Action, Theory of Planned Behaviour,
Motivational Model, Technology Acceptance Model, TAM2 and TAM3, Combined
TAM and TPB, Model of PC Utilization, Innovation Diffusion Theory, Social
Cognitive Theory and Unified Theory of Acceptance and Use of Technology. We
analyse contributions targeting specifically the agricultural domain. Remarkably,
most models and papers share the perspective that individual factors account for
the willingness of individuals to engage in technology adoption, and there is a
progressive commonality of factors between models based on different theories. In
addition to individual-level features, some models analyse the relevance of envi-
ronmental and social factors in prompting technology diffusion, thus depicting a
more comprehensive framework to aid understanding of the dynamics linked to the
adoption of precision agriculture. Eventually, some reflection on how to expand
knowledge of precision agriculture along this line of reasoning aimed at integrat-
ing personal and social characteristics is offered. The importance of social network
patterns and of social support in entrepreneurial initiatives that sustain adoption of
precision agriculture is stressed in this chapter.
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11.1 Introduction

A recent survey in the USA shows that Precision Agriculture (PA) adopters can
increase their profits by $66 per acre (Schimmelpfennig 2016). Nevertheless, this
value is strongly affected by the size of the farms, with higher benefits for larger
farms because of economies of scale. European farms are considerably smaller than
USA farms with an average of 175 ha in the USA compared to just 16 ha in Europe
(Census of Agriculture 2012; Eurostat Farm structure statistics 2013), and size is
believed to be one of the causes of a low diffusion of PA technologies in Europe.

It is, however, important to observe that this structural difference not only affects
the availability of financial resources for farmers to fund the adoption of site-specific
solutions, but it might affect the whole process of adoption. The fact that European
farmers are mainly smallholders effects the adoption of technology and makes the
process based on adoption beyond purely rational evaluations. Moreover, while the
70-80% of new farm equipment is manufactured with some kind of PA technology
embedded, the advantages stemming from PA in Europe remain limited and can be
increased only by complementing different technologies in a more complex, yet
expensive system (Zarco-Tejada et al. 2014). We argue that farmers’ evaluations
might not be based solely on the net benefits of the investment in technology, but also
on perceptions related to innovation and social factors. Accordingly, it is important to
improve our understanding of how and why farmers come to the decision to adopt PA
technologies. To delve into this issue, we look at studies on how potential adopters
decide on the use of new innovations. We conducted a careful review of the approaches
and of the contributions in the so-called ex-ante studies (Pierpaoli et al. 2013; Pignatti
et al. 2015). Our review depicts the state-of-art of the research on the adoption of
agriculture-related technology to aid the design of new studies on the topic.

In the first section, we introduce the theoretical models that can be applied to
evaluate the adoption of technological innovation in different fields. We reviewed
nine models: Theory of Reasoned Action, the Theory of Planned Behaviour, the
Motivational Model, the Technology Acceptance Model, the TAM2 and TAM3, the
Combined TAM and TPB, the Model of PC Utilization, the Innovation Diffusion
Theory, Social Cognitive Theory, and the Unified Theory of Acceptance and Use of
Technology. In drawing our comparison, we depict which theoretical constructs are
typically measured in the models to show areas of overlap across different models.

In the second paragraph, we focus on the domain of agriculture looking at how
the models introduced in the previous paragraph have been applied in this field. We
conduct a review on ex-ante evaluation of innovations in the broad agricultural
domain. We delve into 16 papers and compare their findings to elucidate the current
understanding of adoption of agriculture-related technology. The comparison of
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models proposed in the 16 papers shows how different factors can be introduced to
explain the decision to adopt. As models are oriented to overlap and merge progres-
sively, the analysis depicts areas for further development of the models.

In the last paragraph, we discuss possible avenues of future development of the
analysis of the ex-ante adoption models to account for the dual nature of this pro-
cess—individual and social. The discussion entails the importance of evaluating the
interrelation of individual and social aspects and the role of institutional actors as
possible promoters of the adoption of agricultural technologies.

11.2 Theoretical Models

The aim of this section is to introduce the principal models used in the evaluation of
technology adoption. We found nine models applied in the evaluation of technology
adoption, and in this paragraph we present their rationale and the dimensions con-
sidered as affecting technology adoption.

The Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour
(TPB) are the earliest theories; they derive from social psychology and are used to
explain the use of Information Systems (IS). At that stage, it was seen as relevant to
understand first the generic underlying behaviour related to the adoption of new
technologies, and then to proceed with specific models focused entirely on under-
standing and identifying the behavioural factors affecting IS usage.

The Theory of Reasoned Action (TRA) was formulated in social psychology
and was originally developed by Fishbein in 1967. It aims to explain human behav-
iour; the TRA maintains that behaviour is controlled by intention and the stronger
the intention is, the harder the effort to perform the action will be (Fishbein 1967,
Fishbein and Ajzen 1975; Ajzen and Fishbein 1980). According to Fishbein and
Ajzen (1975), two factors determine the intention: the Attitude toward the Behaviour
and the Subjective Norms. The former is affected by the beliefs on the outcome of
the behaviour and by the individual evaluation of that outcome, either positive or
negative. The latter is related to individual perceptions on what society thinks of the
behaviour. Subsequent research has found that Experience and Voluntariness are two
relevant factors in explaining a behaviour (Karahanna et al. 1999): with the increase
in experience, Attitude towards the Behaviour becomes more important, while the
relevance of Subjective Norms diminishes. However, Hartwick and Barki (1994)
showed that when users are not forced to adopt technology, Subjective Norms
become more important supporting the inclusion of Voluntariness in the model.

The Theory of Planned Behaviour (TPB) is an extension of the TRA (Ajzen
and Fishbein 1980). According to Sheppard et al. (1988), the theory explains a
broader range of behaviour in comparison to TRA. This is because TPB, besides
attitudes and subjective norms, comprises a third factor: perceived behavioural
control (PBC). This latter consists of “the perceived ease of use or difficulty of per-
forming the behaviour” (Ajzen 1991).
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The TPB has been applied successfully to analyse users’ behaviour regarding
different types of technologies (Harrison et al. 1997; Mathieson 1991). In this con-
text, the Perceived Behavioural Control is related to the perceptions of internal and
external constraints on behaviour (Davis et al. 1989; Taylor and Todd 1995b).

Similarly to TRA, in TPB Experience and Voluntariness were not included in the
original model. As shown for TRA, however, research has found these two factors
are important in explaining the behaviour vis-a-vis technology adoption (Venkatesh
and Morris 2000; Karahanna et al. 1999).

Regarding gender, research has shown that Attitude was more relevant for men,
whereas Subjective Norms and PBC were found to affect both men and women with
limited experience (Venkatesh et al. 2000).

Finally, even though age was not included in the original model, Morris and
Venkatesh (2000) concluded that Subjective Norms were more relevant to older
women. On the other hand, Perceived Behavioural Control was more relevant for
seasoned workers, whereas Attitude was more important for younger workers.

The Motivational Model (MM) ensued from the Motivational Theory (Davis
et al. 1992). According to Deci and Ryan (1985), motivation is the most important
factor that affects behaviour in different fields. Drawing on a wide variety of studies,
research has grouped motivational factors into two main categories: intrinsic and
extrinsic factors (Deci 1971; Deci and Ryan 1985): “Intrinsic motivation refers to
the pleasure and inherent satisfaction derived from a specific activity” (Venkatesh
and Speier 1999, p. 2; Deci 1975; Vallerand 1997). Examples of intrinsic motivation
include Enjoyment and Playfulness. Conversely, “extrinsic motivation emphasizes
performing a behaviour because it is perceived to be instrumental in achieving val-
ued outcomes that are distinct from the activity such as increased pay and improved
job performance” (Venkatesh and Speier 1999, p. 2; Lawler and Porter 1967;
Vroom 1964). Perceived Usefulness, Perceived Ease of Use and Subjective Norms
are examples of extrinsic motivation.

Davis et al. (1992) applied the theory to the domain of technology usage. They
found that office workers’ intention to use computers depends primarily on their
perceptions of how computer-usage would improve their work performance
(Usefulness), and secondly, by the enjoyment they experience while using the com-
puters (Enjoyment). A particularly striking result was that when determining inten-
tions, Usefulness is four to five times more influential than enjoyment.

Thus, considering the motivational theory and the findings from Davis et al.
(1992), extrinsic motivations are far more important and influential when deciding
about technology usage.

The Technology Acceptance Model (TAM) was adapted from the TRA (Ajzen
and Fishbein 1980; Fishbein and Ajzen 1975) to depict the factors affecting technol-
ogy usage. In the TAM, the intention to adopt technology is determined by two
principal factors: Perceived Usefulness, i.e. “the degree to which a person believes
that using particular system would enhance his/her job” (Davis 1989, p. 320); and
Perceived Ease of Use, i.e. “the degree to which a person believes that using a par-
ticular system would be free of effort” (Davis 1989, p. 320).
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Studies have concluded that TAM explains approximately 40% of the total vari-
ance of behaviour and intention to use technology (Venkatesh and Davis 2000).

TAM has been refined over the years and been later elaborated as TAM2. This
extended version of TAM is derived from the TRA and the TPB described above.
Additional factors related to social influence processes (Subjective Norm,
Voluntariness, and Image') and cognitive instrumental processes (Job Relevance,
Output Quality, Result Demonstrability, and Perceived Ease of Use) are incorpo-
rated into the TAM2 (Venkatesh and Davis 2000).

Later on, Venkatesh and Bala (2008) proposed another extended version of TAM2,
which has been labelled as TAM3. This new evolution introduces experience as a
moderating factor of the relation between three couples of factors: (1) Perceived Ease
of Use and Perceived Usefulness; (2) Computer Anxiety and Perceived Ease of Use;
(3) Perceived Ease of Use and Behavioural Intention to Adopt.

Gender and age were not included in either of the three versions of the
TAM. Nevertheless, Venkatesh and Morris (2000) found that perceived usefulness
was more relevant for men than women, whereas ease of use was more important
for women than for men.

Taylor and Todd (1995a) introduced a new model, which consists of a combina-
tion of the two previous models, TAM and TPB, and has been called “The Combined
TAM and TPB (C-TAM-TPB)”. The new model comprises factors emerging from
the two original models: Attitude toward Behaviour, Subjective Norm, Perceived
Behavioural Control and Perceived Usefulness. Taylor and Todd (1995a) argued
that this model can be applied to both experienced and inexperienced users.
According to the same study, for both groups of individuals, all other determinants,
except for Attitude, were significant. Thus, this model version might be used suc-
cessfully to predict the behaviour prior to the implementation of a technology.

The Model of PC Utilization (MPCU) was elaborated by Triandis in 1980 to
allow for a better understanding of the determinants of behaviour introduced in the
TRA. According to this theory, “behavioural intentions are determined by feelings
people have toward the behaviour (affect), what they think they should do (social
factors), and by the expected consequences of the behaviour” (Thompson et al.
1991, p. 125). In other words, behaviour is affected by habits, intentions and facili-
tating conditions. Thompson et al. (1991) included this theory into the IS context to
predict PC usage in the workplace. Venkatesh et al. (2003) have later considered the
model in their research on the unification of technology acceptance models, but
unlike Thompson et al. (1991) and in line with Triandis (1980), they focused on
intention rather than on behaviour.

The following factors are considered in the model:

e Job Relevance — “the extent to which an individual believes that using a technol-
ogy can enhance the performance of his or her job” (Thompson et al. 1991,
p. 129).

'The degree to which an individual perceives that use of an innovation will enhance his or her
status in his or her social system (Moore and Benbasat 1991, p. 195).
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Complexity — “The degree to which an innovation is perceived as relatively dif-
ficult to understand and use” (Rogers and Shoemaker 1971; p.154).

Long term Consequences — “QOutcomes that have a pay-off in the future”
(Thompson et al. 1991, p. 129).

Affect towards Use — Based on Triandis (1980), affect toward use is a “feeling of
Jjoy, elation, or pleasure, or depression, disgust, displeasure, or hate associated
by an individual with a particular act” (Triandis 1980, p. 211).

Social Factors — “the individual’s internalization of the reference group’s subjec-
tive culture, and specific interpersonal agreements that the individual has made
with others, in specific social situations” (Triandis 1980, p. 210).

Facilitating Conditions — “objective factors, ‘out there’ in the environment that
several judges or observers can agree make an act easy to do” (Triandis 1980,
p. 205. In the Information Systems context, “provision of support for users of
PCs may be one type of facilitating condition that can influence system utiliza-
tion” (Thompson et al. 1991).

Remarkably, the Innovation Diffusion Theory (IDT) has been used to study a

broad range of innovations, from agricultural tools to industrial technologies
(Tornatzky and Klein 1982). Moore and Benbasat (1991) have adapted the model to
technology acceptance, modifying the characteristics defined by Rogers (1995) and
refining a set of constructs. The factors that are taken into account in the model are
as follows:

Relative Advantage — “the degree to which an innovation is perceived as being
better than its precursor” (Moore and Benbasat 1991, p. 195).

Perceived Ease of Use — “the degree to which an innovation is perceived as being
difficult to use” (Moore and Benbasat 1991, p. 195).

Image — “the degree to which use of innovation is perceived to enhance one’s
image or status in one’s social system” (Moore and Benbasat 1991, p. 195).
Visibility — “the degree to which one can see others using the system in the orga-
nization” (Venkatesh et al. 2003, p. 431; Moore and Benbasat 1991).
Compatibility — “the degree to which an innovation is perceived as being consis-
tent with the existing values, needs, and past experiences of potential adopters”
(Rogers 2003, p. 15; Moore and Benbasat 1991, p. 195).

Results Demonstrability — “the tangibility of the results of using the innovation,
including their observability and communicability” (Moore and Benbasat 1991,
p- 203).

Voluntariness of Use — “the degree to which use of the innovation is perceived as
being voluntary, or of free will” (Moore and Benbasat 1991, p. 195).

A different view on models addressing technology adoption has been inspired by

the Social Cognitive Theory (SCT). This theory holds that individuals’ knowledge
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is related to the information they obtain by other subjects who perform a behaviour
(Bandura 1986). Compeau and Higgins (1995) extended the original model to target
the context of computer usage. Their formulation made possible application of the
SCT model to the evaluation of technology acceptance.

Factors included in the model are:

e Output Quality — “performance expectations deal with job-related outcomes”
(Venkatesh et al. 2003, p. 432; Compeau and Higgins 1995).

* Outcome Expectations — personal — “it deals with individuals’ esteem and sense
of accomplishment” (Venkatesh et al. 2003, p. 432; Compeau and Higgins 1995).

o Self-Efficacy — “judgement of one’s ability to use a technology” (Venkatesh et al.
2003, p. 432).

* Perceived Enjoyment — “an individual’s liking for a particular behaviour”
(Venkatesh et al. 2003, p. 432).

e Computer Anxiety — “evoking anxious or emotional reactions when it comes to
performing the behaviour” (Venkatesh et al. 2003, p. 432).

Finally, the so-called Unified Theory of Acceptance and Use of Technology
(UTAUT) is a model developed through the integration and further development of
the eight models described above. Targeting users’ intention to include IT systems
in their daily work, Venkatesh et al. (2003) showed that the eight models accounted
for between 17 and 53% of the variation. Performance Expectancy, Effort
Expectancy, Social Influence, and Facilitating Conditions are considered the main
determinants of Behaviour, whereas Gender, Age, Experience and Voluntariness of
use are considered as moderating factors (Venkatesh et al. 2003).

Table 11.1 reports the factors explaining the behaviour of all the above-mentioned
models. As seen, TAM is the model that includes most of the factors that explain
technology adoption behaviour.

Voluntariness and experience are considered the most relevant factors affecting
the behaviour. This is because they emerge as explanatory variables in most of the
models taken into consideration in this review.

It is important to stress that all the theories concerned in explaining the users’
behaviour for IS usage are affected or based on the TRA and the TPB. Nevertheless,
recent research has further developed and improved those theories, and the UTAUT
is an example of the most recent theory regarding IS usage.

Table 11.1 represents a summary of the above mentioned behavioural models
and the factors from which the behaviour of adopting a new technology depends.
The TAM3 is the model that accounts for most of the factors. The TPB and IDT
models depend on eight factors, which is half of the factors of TAM3.

The next paragraph will introduce some applications of these models and theo-
ries to the agricultural sector.



G. Carli et al.

230

(XNVD)
Kprxuy 1ondwo))

(AV1dD)
ssounjAe[qd
19ndwo)

(Oad)
[01U0d [eUINXT
Jjo suondadrog

Q1D
[onuo)) TeuIAIu]
Jjo suondodrog

(A8D) Kovoyye
-J1oS 1ondwo)

(nodd) »sn
JO 9SBH POAIAdId]

(Nd) ssaunyasn
PIATII]

\

SO0 S S

\'

\’

(NS)
wiIoN 2Andalqng

\

\

/

(gVv) Inoraeyog
pIesmol apmImy

(LOvVLO)
K3ojouyoay,
Jo as() pue
Jourydoooy
Jo K109y,

pagiun

(1LDS)
K109y,

2ANIUS0D)
[ero0S

(rao
K109y,

uotsnjiqg
uoneAoUU]

(NDdN)
uonezInn
od

JO [9poN

(ddL
‘NVL-D)
ddlL

pue VL
pauIquio)

(ENVL)
[°POIN
Qoueydaooy
K3ojouyoay,

(ININ) 19POIN
[eUONBANIOIA!

(ddL)
INOIARYQq

pauuelq
Jo A1ooy],

(vdLn)
uonoy
pauoseay
Jo K109y,

S[PPOIN

SI0108]

1moraeyaq uondope £So[ouyda) 0) paje[al S[PPOW AY) UI Pasn SI0Joe] [T J[qEL



231

How to Model the Adoption and Perception of Precision Agriculture Technologies

11

(penunuoo)

(dIA) ANTIqIsIA

V)
A3eIuBAPY QANR[OY

(Ded) suonipuo)
Suneioe]

(DS) 10398 [e100§

(NIv)
3S() SpPIEMO], 10V

(DI seouanbasuo))
Wi, Suo

SIS S

(XdD) Anrxerduo)

(AD
UOT)BATJOJA] JISULIJU]

(N
UOT)BATIOIA] JISULIIXH

asn) asn

(ST
Anpiqensuowaq

Jnsay

(LNnO)
Arend nding

(133
0UBAQ[IY qOf

(DIAD) oSew]

("TOA) SSauLIBIUN[OA

SO SO S

(INED)
JuowAo[ug paAIdIdd




G. Carli et al.

232

/ / By

/ / v IopuUan)

/ / / / / / aouaLadxg

(d9O) reuos1g

suone)oadxyg

/A JwonnQo

(d0D)

, Anpqoedwo)

(LAVLO) (1D9) (rao (NDdIN) (dd1L (EWVL) | (WA 19POIN (ad1) (ViDL SI10108q
A3ojouyoay, K109y, K100y],| uwonezimn ANVL-D) [OPOJA | [BUONBATIOIA | JINOIABYQQ uonoy
Joosn pue | oAnmuso) uorsnyIq od ddl| 9ourdosoy pauue[d | PauOsEY
doueydoooy [B100S | uOmBAOUUJ JO [oPOIN pue JNVL  ASojouyoQ], Jjo A1ooyJ, | Jo A1ooyj,

Jo K109y, pauiquio)
pagiun

S[PPON

(ponunuod) T[T dIqeL



11 How to Model the Adoption and Perception of Precision Agriculture Technologies 233

11.3 Behavioural Models and Their Application
in Agricultural Sciences

After introducing a detailed picture of behavioural models about technology adop-
tion, this section shows how they have been applied to study the adoption of
agriculture-oriented technologies.

To conduct a careful review of the research studies available on the topic, we
resorted to Scopus and Google Scholar to search for articles using keywords related
to the specific sector, such as “agriculture”, “farm”, “food production”, in combina-
tion with keywords related to technology adoption, for instance “technology adop-
tion”, “behavioural models” and “technology acceptance”. The numerous results
were then divided into two groups: the empirical studies related to the behavioural
models introduced in Paragraph 1, and the studies with an ex-post approach regard-
ing technology adoption. We focused on the contributions analysing farmers and
specialists’ behaviour prior to the choice of adoption.

We identified sixteen papers: eight studies are based on the technology accep-
tance model, six on the theory of planned behaviour, and the remaining two studies
combine the Theory of Reasoned Action, the Model of PC Utilization and the
Innovation Diffusion Theory.

We analysed each paper to identify its theoretical underpinnings, the method and
the setting studied. We summarize the main findings of the sixteen papers in
Table 11.2.

Articles included in this review gauge attitudes and intentions to adopt innova-
tive technologies in farm activities. As previously mentioned, this review has taken
an ex-ante approach, i.e. only papers that measured farmers’ attitudes prior to the
adoption of a new technology have been taken into account.

Table 11.3 reports on the factors used in the selected articles to explain the adop-
tion behaviour. We also show their Cronbach alphas’ coefficients to compare the
quality of the measurement scales of the factors across the sixteen studies. All fac-
tors show good coefficients of Cronbach alpha, which means a high reliability.

The factors most used in explaining the adoption behaviour are Attitude toward
the Behaviour, Perceived Usefulness (PU) and Perceived Ease of Use (PEOU).
Other factors, such as Intention to Use, Subjective Norms and Perceptions of
Control (internal and external) also appear as relevant in explaining the behaviour.
Even though TPB and TAM are the models that have been adopted mainly in these
studies, Subjective Norms emerge as relevant in explaining the behaviour in only
four studies. This is surprising, given the fact that this factor is considered as one of
the most powerful in explaining the behaviour in theoretical models. Nevertheless,
future research in the agricultural domain may deepen the study of the social factors
(SC) in the technology adoption behaviour.
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11.4 Discussions and Conclusion

In general, in the application to agricultural practices, all the reviewed theoretical
models find good support. For instance, Folorunso and Ogunseye (2008), in their
study of users’ acceptance of AGROWIT, a knowledge management information
system, found that all the constructs of the TAM were good predictors of the behav-
iour of participants. This might not be surprising given that TAM was initially
developed using data on the evaluation of office technologies. In addition to factors
taken from TAM, Folorunso and Ogunseye (2008) included Social factors (SC) and
Facilitating Conditions (FC) in their model from the Model of PC Utilization
(MPCU) and found a positive effect on the Intention to Adopt PA technologies. In
line with this, Adrian et al. (2005) and Moghaddam and Salehi (2010) noticed that
Farm Size, Perceptions of Net Benefit, Gender and Technology Awareness were
good predictors of Technology Adoption. Aubert et al. (2012) reported that Age and
Farm Size did not have any effect on Adoption, whereas other factors such as
Perceived Ease of Use, Perceived Usefulness and Resource Availability are good
predictors of the Intention to engage in PA.

Regarding the Theory of Planned Behaviour, almost all the theoretical constructs
are supported by the studies included in this review. According to Lynne et al.
(1995) and Herath (2013), the Intention to Adopt technology practices is related to
the Attitude towards the Behaviour, Subjective Norms, Perceptions on Control and
other sociodemographic characteristics such as Age and Gender. Despite the fact
that Education is not included in the original theory, Herath (2013) revealed that it
is a good predictor of Behaviour. Moreover, Sharifzadeh et al. (2012) showed that,
among wheat growers, the ones with a positive attitude to use information in their
farming decision were more predisposed to implement new and innovative tech-
nologies in their farming activity. Finally, in their study about climate change issues,
Niles et al. (2016) showed that even though farmers were continuously exposed to
possible threats of climate change, it did not have any effect on their behaviour.

It is important to understand the reasons why research focuses on these models
and how other models might be applied especially to the field of agriculture. Our
review shows that among the theoretical models mentioned in the previous para-
graph, TPB and TAM have a greater capability for explaining behaviour. Some
final remarks are noteworthy. Despite the variety of factors that the different mod-
els on technology adoption consider, all of them share the view that the decision to
engage in technology adoption is largely affected by individual perceptions (e.g.
Perceived Ease of Use, Attitudes and Perceived Usefulness). When comparing fac-
tors in the theoretical models, Experience was found as relevant in explaining the
behaviour in six models. Nevertheless, in the literature focused on the adoption of
farm technology a central role of experience was not found because studies focused
mainly on non-users of technology.

Aubert et al. (2012) found that Voluntariness negatively affects the Intention to
Use PA technologies. This suggests that adopters are more influenced by external
pressures, considering the use of PA technologies as a legal requirement or a
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recommendation of their cooperative. Therefore, Aubert et al. (2012) suggest that
PA technology adoption could be enhanced by reducing the level of voluntariness.
For instance, the introduction of specific regulations (e.g. norms on the use of
pesticides and fertilizers) would raise the issue of compulsory reporting required
of farmers. Since PA technologies can provide more accurate information for
reporting, new regulations could negatively affect voluntariness and increase PA
adoption. This conclusion suggests that Voluntariness can be a relevant factor for
the adoption of models, but it has not emerged prominently from studies investi-
gating the agricultural domain yet. While Aubert et al. (2012) used voluntariness
to explain adoption, their findings might be affected by a reduced level of reliabil-
ity (Cronbach alpha: 0.60) and the reduction of two items in a factorial scale of
five. Other studies might take into consideration voluntariness investigating dif-
ferences between users and non-users of PA technologies. The example on
Voluntariness is particularly interesting because it suggests that other individual
attitudes such as Visibility and Motivation to Comply with Others could also have
a similar effect on technology adoption. These factors have scarcely been included
in the models on PA technology adoption so far, and they could be explored as
possible mediators between contextual factors and the intention to adopt or the
perceptions on usefulness or on the ease of use. For instance, Aubert et al. (2012)
suggested that the relation between environmental policy and adoption was medi-
ated by Voluntariness. Similarly, other individual attitudes could play the role of
mediators between the availability and quality of support, environmental policy or
other facilitating conditions and PA adoption or to the Perceived Ease of Use or
the Perceived Usefulness of technology.

Since TAM has been used mainly to study the intention to adopt information
technologies, its application in the evaluation of technologies with a significant
orientation on information processing seems worthy. Nevertheless, the Model of
PC Utilization and the Unified Theory of Acceptance and Use of Technology may
go beyond the individual level considered in the TAM to take into account social
and environmental features as facilitators in the approach to technology adoption.
In fact, what remains surprisingly overlooked is the effect that the others may exert
on individuals’ stance towards technology. Studies on social networks and innova-
tion have long underlined the role that interactions with peers may play in the
adoption and diffusion of technology (e.g. Burt 1980; Tucker 2008). The opinions
and experience concerning the technology of those with whom one interacts are
able to affect the orientation in technology use. We can follow the example of
individuals who are similar to us in terms of relations or, alternatively, we can
imitate peers to whom we are strongly linked.

Studies addressing technology adoption in agriculture do not so far allow us to
understand how individuals who have different access to network resources may
react when appraising technology adoption. Independent farmers might act differ-
ently from farmers operating within an integrated value chain and supply network.
Similarly, farmers who cooperate with large distributors may select courses of
action, when gauging technological opportunities, which differ from those available
to farmers cooperating with micro-companies to serve local markets. An integration
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of the models with a social network perspective could enrich the understanding of
the processes through which adoption is evaluated, chosen and implemented in an
industry characterized by heterogeneous patterns of social ties.

In addition, in the development of a scale for the evaluation of entrepreneurship
in agriculture and food production, in addition to the financial, human-related and
technological factors, it was found that infrastructure and network elements are con-
stituents of the measurement instrument (Bolzani et al. 2016). The infrastructure
factor refers to the availability of tangible and intangible resources for knowledge
development and sharing. They can range from R&D facilities to mentoring and
counselling organizations (e.g. Knudson et al. 2005). The presence of an infrastruc-
tural layer in the innovation system might favour the overcoming of some factors
that hinder the diffusion of innovative PA technologies. Agricultural innovation is
often capital intensive and requires a good level of training on the farmer’s side. In
the European context, made of smallholders, the existence of social ties between
farmers could improve their bargaining power and their influence on the develop-
ment of infrastructural entities. These latter may be able to create the necessary
economies of scale and scope to close the knowledge gap faced by farmers.
Specialized support could in fact become accessible where a consistent level of
demand sustains its development.

Finally, our review focused on ex-ante approaches to appraise how an innovation
can be perceived in the agricultural domain and raise the interest of farmers. As a
future research direction, we shall devise an investigation on how different public
policies could foster the introduction of innovation in agriculture. In many coun-
tries, local, national and transnational institutions enact initiatives to support the
introduction of PA. These policies can be evaluated in terms of their efficacy in
favouring the diffusion of the innovations and efficiency in the use of public funds.
We suggest that both in their design and assessment, the complex process of adop-
tion that we described in this chapter should be taken into consideration.
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