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Abstract. Society’s awareness of livestock production conditions has increased interest
in animal welfare (AW), prompting farmers to consider it in their strategies. However,
the adoption of digital devices and sensors to ensure AW is still relatively low. The aim
of this study was to assess simultaneously the stated behaviour and intention of dairy
farmers towards adopting technological tools for AW. The extended Theory of Planned
Behaviour (e-TPB) was selected as theoretical base. It is “extended” since new predic-
tors are integrated in the standard framework of the TPB. The research questions were
addressed using a partial least squares structural equation modelling. The findings
suggest the existence of a gap between farmers’ intentions and behaviour. Perceived
Behavioural Control plays a significant role in behaviour, indicating the predominant
influence of self-confidence in farmers’ choices. Operating margin and technological
specialization of the farms are significant predictors of farmers” behavior.

Keywords: Animal welfare, Precision Livestock Farming, Dairy cattle, PLS-SEM, The-
ory of Planned Behaviour.
JEL codes: D22, D80, D91.

1. INTRODUCTION

Nowadays, dairy farmers face several economic, ecological, and social
challenges, including increasing public awareness of animal welfare issues
(Borges et al., 2019; Guyomard et al., 2021; Meuwissen et al., 2019; Sekyere et
al., 2021; Temple and Manteca, 2020). Farmers’ choices are influenced by the
new demands of consumers who pay increasing attention to animal welfare
conditions, to the point that they are pushing farmers to consider them in
their business strategies (Alonso et al., 2020; Blanc et al., 2020; Tullo et al,,
2019). As a result, it has proven crucial for livestock farmers to take meas-
ures that can improve the quality of life of farm animals (Silva et al., 2021) in
order to ensure high production standards.
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Exacerbating these ethical concerns is the context of
a growing population, estimated to reach 9.8 billion by
2050 (Zarba et al., 2022), which will imply a significant
increase in the demand for food products of animal ori-
gin. To meet the growing demand, the related produc-
tion would have to expand and so would the number of
animals, with negative effects on livestock management
(Tekin et al., 2021) as well as environmental consequenc-
es from increased greenhouse gas emissions causing
depletion of the atmosphere.

The scientific literature suggests that technological
innovations can help farmers improve their income and
farm efficiency (Chavas and Nauges, 2020; Jukan et al.,
2017). However, farmers face a complex production real-
ity that significantly affects their business choices.

Tools that can be used to improve the efficiency of
livestock farms including in terms of animal welfare
include pedometers and collars (Gomez et al., 2021; Pou-
lopoulou et al., 2019). However, other tools when adopt-
ed may improve animal welfare and satisfy the five free-
doms of animals!, making it difficult to choose the most
appropriate one (Chapa et al., 2020).

Detecting the physical status of individual animals
can prevent disease outbreaks, and consequently save
veterinary costs and ensure healthy livestock with better
production performance, as well as ensure high welfare
standards (Stevenson, 2023; Tekin et al., 2021).

Moreover, the adoption of specific animal welfare
devices implies beneficial environmental outputs (Fraser,
2008). In fact, the management of livestock manage-
ment may help in reducing greenhouse emission (Stygar
et al.,, 2021; Niloofar 2021), for instance, by monitoring
the use of water (Morrone et al., 2022; Neethirajan and
Kemp, 2021), by ameliorating manure management, by
reducing the generation of enteric gas, feeding the ani-
mal with better quality products (Bianchi et al., 2022)
and consequently changing the habit of feeding livestock
with merely locally available grown forages or less valu-
able agricultural by-products (Gonzali, 2020; Nadal-Roig
et al., 2019). Next, livestock wastewater contains large
amounts of mineral and organic compounds and in
absence of a specific management system they can accu-
mulate in soil and water can provoke serious environ-
mental pollution (Licata et al., 2021).

Overall, animal welfare tools are important for the
so-called Precision livestock farming (PLF) technolo-

! Their formulation dates back in the early 1990s and they synthetize
society’s expectations for the conditions animals should experience
when under human control: 1) Freedom from thirst, hunger and mal-
nutrition; 2) Freedom from discomfort and exposure; 3) Freedom from
pain, injury, and disease; 4) Freedom from fear and distress; 5) Freedom
to express normal behaviour.
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gies which according to Berckmans (2017) is the con-
tinuous management of individual animals in real-time
monitoring relevant events such as health, welfare, pro-
duction/reproduction, and environmental impact using
information and communication technologies (ICT).
PLF constitutes a great support for farmers to accom-
plish three aspects: welfare (Krampe et al., 2021, Tobin
et al.,, 2022) economic efficiency and health (Stachowicz
et al., 2021; Veissier et al., 2019) and environment (Gua-
rino et al., 2017).

Therefore, PLFs are animal-centered tools that can
support farmers in herd management decision making
(Lovarelli et al., 2020; Simitzis, 2022). PLF tools indicate
precise useful information about livestock, and in the
event that these indications reveal anomalies, the farm-
er can take action by choosing new strategies to adopt
(Norton and Berckmans, 2017) to maintain the level of
animal welfare (Rowe et al., 2019).

In addition, animal welfare devices are part of that
category of technology called the Internet of Things
(IoT) (Akbar et al., 2020; Akhigbe et al., 2021; Zhang
et al., 2021) whose potential is very useful for monitor-
ing animal health (Banhazi et al., 2012). When put in
communication with other technological devices, IoT
systems act completely autonomously, such as sending
a message to the veterinarian in real time (Aquilani et
al., 2022), responding to a request for information, auto-
matically activating air conditioning or fans if the ani-
mals’ body temperature rises. All sensed data are also
transmitted and stored in farmers’ computers. Each
farmer can interpret each piece of information, identify
any critical issues and take timely action (Lovarelli et al.,
2022; Schillings et al., 2021).

Focusing on dairy animals, there are many PLFs
useful for monitoring animal welfare (da Borso et al.
2022; Henchion, 2022). Some of the available technolo-
gies can be placed on or in the cow (Stone, 2020) and
might be wearable or remote equipment for recording
physiological or behavioral parameters (Herlin et al,,
2021). Among these devices, there are pedometers, i.e.,
sensors that, when placed on dairy cows, allow them
to monitor the behavior of individual animals. In fact,
pedometers function as accelerometers (Mattachini et
al., 2013; Stygar, 2021), or measure temperature, move-
ments, digestive activities and panting from heat stress
(Ramoén-Moragues et al., 2021). In detail, pedometers
predict lameness earlier than the appearance of the clin-
ical signs (Mazrier, 2006); detect oestrus periods (Roe-
lof et al., 2005); record locomotion behaviors, the lying
and standing time (Mensching et al., 2021; Santo et al,,
20205 Shepley et al., 2017; Vasseur, 2017), the frequency
of lying (Shepley et al., 2020), the number of lying bouts
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and steps, the motion index at a resolution of 1 min
(Stachowicz et al., 2022), etc.

With regard to the determinants influencing the use
of modern technologies, numerous aspects have emerged
in the scientific literature. One aspect is that the breed-
er’s decision to invest in technological devices depends
on their propensity to use the technology, their level of
awareness of technologies and their capabilities (Makinde
et al.,, 2022), especially if its use opens up new opportu-
nities to improve the livestock’ living conditions and a
sustainable production (Hartung et al., 2017). Anoth-
er reason to invest in digital systems turns out to be an
improvement in profitability (Rutten et al., 2013; Steen-
eveld and Hogeveen, 2014) through the use of technology.

Moreover, among the variables that condition the
adoption of digital tools in the agribusiness sector there
are the operating revenues (Vazquez et al., 2019) and
costs of the devices (Makinde et al., 2022).

The type of farm management also seems to have
an impact on the intention to install the technology,
with some farmers believing that PLF can better support
pasture-based systems (Groher et al., 2020; Lomax et al.,
2019), while others value their use in the barn as well
(Umega and Raja, 2017).

Device’s adoption also appears to be influenced by
socio demographic aspects, including age, geographic
location, education level (Groher et al., 2020; Pierpaoli
et al., 2013) as well as attitudes towards animal welfare
(Kellert, 1980; Richards et al., 2013).

Given the above, although the use of technology in
agriculture and specifically in livestock management
results are well recognized, existing technologies for PLF
are underutilized. Hence, the present research aims at
investigating the perception of dairy farmers about the
importance of technology in livestock management and
PLF in particular, on the one hand, to update the impor-
tant research carried out by previous studies (Abeni et
al., 2019; Rutten et al., 2013) and, on the other hand,
to enrich the scientific literature by proposing a survey
based on an hoc questionnaire and carried-out in the
province of Ragusa, in Sicily.

It’s worth noting that there are numerous regions
worldwide known for their milk production, and the
choice of a representative study area may depend on the
specific focus or research interest within the field of milk
production. The Hyblean region, located in the South-
Eastern province of Ragusa is known for its agricultural
activities, including livestock farming and it is the major
milk-producing region in Sicily (Italy) (Ferguson et al.,
2007; Pugliese et al., 2021). In 2022, milk deliveries in
Sicily amounted to 191.675 tons of which 80.51% (154.314
tons) came from the province of Ragusa (CLAL, 2022).

According to the data reported in the “Statistics”
section of the National Veterinary Information System,
there were 633 dairy cattle farms in the Sicily region
with 44,202 head raised at the end of 2022. Among
them, 51 percent (323 farms) are in the province of
Ragusa and concern the breeding of more than 30,200
heads (68.32%).

Despite all the barriers already emerged from previ-
ous studies in the literature about the adoption of ani-
mal welfare devices, to the best of our knowledge, the
analysis of dairy farmers’ intentions to use such devices
is lacking. This is a preparatory aspect to understand the
stated behaviour and the motivation associated with the
adoption of a certain behaviour.

Considering that intentions and stated behaviours
are distinct phases determined by different factors, the
present work aims to fill the gap regarding the analysis
of their respective determinants. Specifically, we aim to
investigate the adoption intentions of dairy farmers by
taking into consideration both their individual opinions
linked to the decisions, social environment influences and
self-perceptions of personal capabilities and limitations.
Subsequently, the analysis also regards farmers’ behaviour,
also using variables already known in literature but evalu-
ated in a broader research context consisting in a simulta-
neous analysis of intentions and behaviour.

For this purpose, the Theory of Planned Behav-
iour (TPB) was used as a tool equipped with scientifi-
cally recognized constructs for measuring intentions and
stated behaviours, in order to check for any correlation
between them.

1.1. Objective and research questions

The general objective of the paper is to evaluate what
drives dairy farmers toward the adoption of technologi-
cal devices that can be used to improve firms’ perfor-
mances and animal welfare, by assessing both, stated
behaviour and farmers’ intention. To reach this goal
several drivers of choices were selected. In particular, to
properly assess stated behaviour and intention, the Theo-
ry of Planned Behaviour was selected as theoretical base
by including the related psychological constructs: Inten-
tion, Subjective Norms, Perceived behavioural control
and Attitude. Moreover, other variables were integrated
in the model, related to socio-demographic characteris-
tics of dairy farmers and firms’ characteristics. For this
motivation, the model adopted lies on the extended The-
ory of Planned Behaviour since new predictors are inte-
grated in the standard framework of the TPB. Based on
these considerations, the general objective can be deeply
explored trough the following research questions:



1) Can the Attitude, Social Norms and Perceived
Behavioural Control affect dairy farmers intention
to adopt technological tools?

2) Can the Perceived Behavioural Control and intention
affect dairy farmers’ behaviour?

3) Can the socio-demographic characteristics of dairy
farmers and firms’ characteristics influence the stat-
ed behaviour?

The research questions were addressed using a mul-
tivariate statistical tool such as partial least squares
structural equation modelling (PLS-SEM).

The paper is divided in different sections as follow:
theoretical framework where the Theory of Planned
Behaviour is deeply explained; methodology that
includes information related to data collection and sta-
tistical modelling; results; discussion; conclusion where
a brief sum of the outcome, implication, limitation and
future research are included.

2. THEORETICAL FRAMEWORK

In this complex system, considering dairy farm-
ers only as profit maximisers can be reductive and
decrease the capacity to detect factors influencing
behavioural changes (Despotovi¢ et al., 2019). Litera-
ture has provided several tools to improve the Atti-
tudes (ATT), Social Norms (SN) and Perceived Behav-
ioural Control (PBC) ability to describe producer
behaviour using validated multi-items scales, such as
the Theory of Planned Behaviour (TPB) (Despotovi¢ et
al., 2019; Pienak et al., 2010; Rezaei et al., 2019). TPB
was firstly formalized by Ajzen, (1991) that indicated
that human behaviour can be conditioned by intention
(INT). Intention can also be affected by three other
constructs, as illustrated in Figure 1.

Antitusde towand
Ehe behaviour

Percahwid
Behavioral
Cantrod

Figure 1. Theory of planned behavior by Aizen (1991).
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The constructs individuated by Aizen have differ-
ent meanings and are built using different items that
are processed to find latent variables that describe
their underlying information, which can be used as
either dependent or independent variables through
multivariate models (Raimondo et al., 2022). In par-
ticular, intention can be considered as the motivation
associated with the adoption of a certain behaviour,
a concept also related to the probability of perform-
ing it (Dorce, 2021; Raimondo et al., 2022). Attitudes
group personal judgments and opinions that can be
positive or negative toward a specific behavior, and
can lead to the consequences of decisions (Kureshi and
Sujo, 2019). Subjective norms include statements that
link the influence of the social context and how it can
affect the behaviour; while, perceived behavioural con-
trol represents a self-assessment of individual’s capa-
bilities and limitations that could affect the evaluated
behaviour and the engagement in a particular activity
(Lopez-Mosquera, 2016; Spina et al., 2023; Wauters et
al., 2010). In particular, perceived control refers to the
ease or difficulty of performing a particular behavior
(Zhong et al., 2015).

TPB was adopted in different studies, to evaluate
consumers behaviour related to several aspects such as
organic products (Loera et al., 2022), honey and chick-
en consumption (Menozzi et al., 2015) or toward Pro-
tected Designation of Origin Certification (Menozzi,
2021). This theory was also applied to describe dairy
farmers’ behaviour. Borges and Lansik (2016) evaluated
farmers’ intention to improve natural grassland, find-
ing that the intention of farmer was mainly moved by
the perception of social pressure. In 2020 Savari and
Gharechaee found that PBC, SN and ATT had a posi-
tive effect toward farmers’ intention to for the safe use
of chemical fertilizers. However, TPB can also be inte-
grated with other constructs or items to enhance the
capability of the model to describe human behaviour.
In this case, authors indicate this strategy as Extended
Theory of Planned Behaviour (Raimondo et al., 2022;
Rezai et al., 2019). Indeed, in the present paper, differ-
ent aspects were integrated to the standard constructs
of TPB. In particular, to detect which factors can affect
dairy farmers’ behaviour toward the adoption of tech-
nological devices related to animal welfare, the follow-
ing variables were used: Age, Education, Breeding type,
the operating margin and the access to the Veterinary
system. Based on these integrations on the standard
TPB, the underlying theoretical base can be considered
the extended TPB.
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3. MATERIALS AND METHODS
3.1. Data collection

Data were collected in Sicily, specifically in Ragusa
Province using a multi-section questionnaire during
the last months of 2022 and early 2023 with face-to-face
interviews. The province of Ragusa was chosen as the
sampling area because of the high amount of milk pro-
duced and the high specialization of the farms, which
have high investment capital and technical expertises.
Consequently, this Province can be considered a repre-
sentative area of intensive dairy farming (CLAL, 2022).
To improve the reliability of the responses, the survey
was administered by a trained interviewer with expertise
in livestock farming and able to speak appropriately with
dairy farmers.

Before the administration of the survey, a prelimi-
nary focus group was conducted with various experts in
the field of cattle farming, such as dairy farmers, agron-
omist, public administration representant and academ-
ics. The focus group was conducted by 2 facilitators and
was developed according to the question approach. This
method allows to maximize the consistency of data col-
lection and is structured in different as follow: opening
questions, introductory questions, transition questions,
key questions and final questions (Ruff et al., 2005).
Several issues emerged such as the difficulty for entre-
preneurs to obtain adequate remuneration, the lack of
funds for structural investment, the need to improve
the efficiency of the production system and supply
chain, and new demands from consumers that include
animal welfare.

These considerations were used to build the sur-
vey that was divided in four sections: Attitude toward
investments in technological tools, characteristics of
firms, attitude toward animal welfare that included
TPB and finally socio-demographic feature of respond-
ents. To collect data several questions were developed
using both binary questions (yes or not) or in Likert
scale from 1 to 5 were 1 means “I do not agree” and 5
“I agree”. The last preliminary step was a pilot survey
that was necessary to test the understanding level of the
questions and subsequently to perform minor revision of
the survey. Concerning the TPB part, the items for the
constructs, included in the theory were adapted by oth-
er studies conducted on farmers’ intention and behav-
iour (Despotovi¢ et al., 2019; Rezaei et al., 2019) and are
shown in Table 1.

The latent constructs, ATT, SN, PBC and INT were
measured by means of Likert scales from 1 to 5 where
1 = do not agree and 5 = agree and were built over 12
items, 3 for each construct. The stated behaviour was
obtained from the first section of the survey. In par-
ticular, dairy farmers were asked if they employed 3
different technological devices that can also be used to
improve the animal welfare. In particular we investi-
gated collars, pedometers and video monitoring sys-
tems. A total of 117 dairy farmers adopted at least one
of the tools investigated, then the dependent variables
for the PLS-SEM, or the stated behaviour, was obtained
by summing the positive answers related to the adoption
of these instruments. The relations among variables are
graphically reported in Figure 2.

The number of dairy farmers surveyed represents
36.22% of the total population in the province of Ragu-

Table 1. List of constructs and items derived from TPB for latent variable extrapolation.

Constructs Mean (SD) Items References
ATT_1 4.863 (0.369)  Adopting animal welfare practices in my farm would lead to productive benefits
ATT 2 4.880 (0.351)  Adopting welfare practices would improve animal performances
ATT_3 4.915 (0.337)  Adopting animal welfare practices can lead to professional satisfaction
SN 1 4932 (0253) People whose. professional opinion I value support the introduction of animal
welfare practices
People whose professional opinion I value suggest the introduction of animal
SN_2 4923 (0268) e practices Despotovi¢ et al., 2019;
SN 3 3.692 (1.192) I believe the 'community influences the choice of farmers to introduce animal Eﬁ:ﬁnﬁ:le‘; fz(l).,lZOZZ
welfare practices .
. . . Rezaei et al., 2019
PBC_1 3.188(1.192) I have adequate funds and time to adopt animal welfare practices
PBC_2 4.111 (1.007) T can properly manage practices to improve animal welfare on the farm
PBC_3 4.573 (0.634) I have the technical knowledge and experience to adopt animal welfare practices
INT_1 4.333(0.991)  Iam planning to adopt animal welfare practices this year
INT_2 4.385 (1.024) I plan to raise the level of animal welfare in the next 5 years
INT_3 4.350 (1.003) I plan to regularly increase animal welfare practices.
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Education
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Figure 2. Graphical representations of the relations tested with the structural model.

sa. Based on the power sampling method suggested by
Bartlett et al. (2001), the sample size for a population of
400 individuals considering an alpha value of 0.05 is 92.
Therefore, the estimates of the models have been consid-
ered reliable and adoptable for the general population of
Dairy farmers in the study area.

Data collection resulted in 117 valid surveys that
were preliminary checked in the data cleaning process
to assess the reliability of the answers. To deal with the
research questions, some socio-demographic variables
and firm characteristics were selected whose descrip-
tive statistics are included in Table 2. These variables
were adopted in the PLS-SEM model to get information
related to the effect on dairy farmers’ behaviour based
on farmers and firms’ characteristics. Among the vari-
ables used to enhance the descriptive capability of TPB,
Age and Operating Margin were collected as continuous
variables. Education and Breeding type were collected as
categorical variables using three levels while the access
of farmers at the Veterinary system as a dummy variable
where 1 = yes.

Some further explanation is provided to fully under-
stand the meaning of Veterinary system predictors.
Indeed, Italian famers can have IT tools to access Italian
veterinary services. If farmers can use these systems on
the farm, it means that there is also a relationship with
the attitude toward the use of computer systems for ani-
mal care. Consequently, this variable was adopted in the
PLS-SEM model as integration of TPB constructs

3.2. Data Analysis

To address the research question, PLS-SEM was
deemed as the most suitable multivariate statistical tool.
The method is widely used in social sciences (Ringle et
al., 2020) and is considered a useful approach when com-
plex relationships between observed and latent variables
are analysed (Sarstedt et al., 2022). Indeed, PLS-SEM is
suitable for the analysis of constructs derived by validat-
ed scales, such as TPB, to evaluate implications from the
adoption of theoretical theories in different case studies
(Hair et al., 2019). Moreover, this multivariate method is
more suitable than maximum likelihood estimators with
covariance-based structural equation modeling (COV-
SEM) when the structural model is complex and includes
different constructs or whit limited sample size (Hair et
al., 2019; Venturini and Mehmetoglu, 2019). Another
important advantage in using PLS-SEM is related to the
absence of distributional assumptions, such as data nor-
mality that rarely occur in social sciences (Hair et al.,
2019; do Valle and Assaker, 2016). In fact, maximum
likelihood estimators are less robust than PLS-SEM and
could lead to abnormal results when normality is not
meet (Reinartz et al., 2009). Finally, partial least squares
result in higher statistical power, higher robustness, min-
imization of unexplained variance by maximize r square
values and allows the implementation of both, constructs
and single item variables (Hair et la., 2020)

PLS-SEM compute partial regressions relations in
measurement and structural models by preforming dis-
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Table 2. Descriptive statistics of the sample (n = 117).

Variables Items Coding Frequency Percent Mean (SD)
Age Age Continuos 45.13 (13.13)
Middle school or lower education 1 53 43.30
Education High School 2 47 40.17
University degree 3 17 14.53
Cubicles for cattle 1 12 10.26
Breeding type Permanent litter 2 94 80.34
Mixed 3 11 9.40
Operating Margin Operating Margin (€) Continuos 16,696 (150,742)
. Yes 1 55 47.01
Veterinary system
No 0 62 52.99
tinct least square regression (Hair et al., 2019; Sarstedt 4. RESULTS

et al., 2020). Indeed, this method is divided in measure-
ment model that provides relations among latent vari-
ables derived by constructs and structural model. The
second one, highlights the relationships among latent
variables by adopting them as predictors (exogenous
variables) and outcome variables (endogenous variables)
(Venturini and Mehmetoglu, 2019). Constructs adopted
for the analysis are considered as proxy of latent varia-
bles that are determined as linear combinations. Moreo-
ver, can be adopted for predictive purposes (Hair et al,,
2020). The algorithm of PLS-SEM consists in three dif-
ferent parts: Iterative estimation of latent variable scores;
Estimation of measurement model parameters, Estima-
tion of structural model parameters (path coefficients)
(Venturini and Mehmetoglu, 2019).

To assess goodness of fit, several indicators are used
in this study. To assess the internal consistency of the
construct, Cronbach alpha and Rho A were adopted
whose values should be higher than 0.6 (Bland and Alt-
man, 1997). Convergent validity was evaluated using
average variance extracted (AVE) and the threshold for
acceptability was 0.5. Collinearity among variables and
constructs was calculated using the variance inflation
factor (VIF) of which, the maximum value to consider
collinearity acceptable would be 5. Finally, where the
VIF values are acceptable, the variance explained by
the different constructs was assessed by means of the r
square value. This index is considered also as an esti-
mation of the explanatory and predictive power of the
model and was considered acceptable for value higher
than 0.25 (Hair et al., 2019). Finally, the interpretation
of standardized loadings was conducted for those whit
value higher than 0.4 (Hair et al., 2011).

All the analyses were carried out using STATA soft-
ware 17 and “plssem” package (Venturini and Mehme-
toglu, 2019).

As indicated in methodology, different outcomes are
provided by PLS-SEM analysis. Starting from the meas-
urement model depicted in Table 3, the standardize load-
ings meet the criteria indicated by Hair et at., 2011, being
higher than 0.4 except for SN3 that obtained a score of
0.374. However, since the reliability of the SN construct
is high based on the alpha, rho and AVE values, the items
was considered suitable to be included in the measure-
ment model. This result indicate that all the items inves-
tigate in constructs provide a good contribution in the
latent variables identified by the measurement model.
This value can be interpreted as correlation between
items and each related construct. The reliability of the
factors was evaluated in different ways. In term of reli-
ability, Cronbach’s alpha values are higher than 0.6 for
each latent variables indicating high internal consistency
of the constructs. However, as indicated in literature, this
indicator provides conservative value of internal consist-
ency. Therefore, Rho A can complete the information
being this coefficient more balanced than the first one
(Hair et al., 2019). The values of Rho A are higher than
0.6 suggesting that each construct have adequate con-
sistency and can be used in the structural model. Con-
vergent validity was evaluated trough AVE that is higher
than 0.5 for each construct, indicating the possibility for
the latent variables to be used in the structural model.

The structural model followed the measurement one.
However, the collinearity was tested using VIF analysis
using each construct and items adopted in the structural
model. The results of the collinearity test are shown in
Table 4 and suggest that this issue does not affect the
analysis and the variables are adequate for the analysis
being the values of VIF lower than 5.

Moving on the structural analysis, the relations are
tabulated in Table 5. The average r square obtained is
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Table 3. Factor loadings and goodness of fit for the measurement
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Table 5. Structural model with path coefficients.

Constructs Intentions Stated-Behaviour
ATT 0.008 (0.922)

SN 0.037 (0.661)

PBC 0.559 (0.000) 0.211 (0.037)
INT 0.008 (0.945)
Variables

Age 0.058 (0.558)
Education 0.065 (0.496)
Breeding type -0.168 (0.052)
Operating Margin 0.380 (0.000)

Veterinary system

0.178 (0.040)

model.

Items\Construct Attitude 5111\1132) i:llsve PBC Intentions
ATT_ 1 0.648

ATT 2 0.960

ATT_3 0.647

SN_1 0.929

SN_2 0.924

SN_3 0.374

PBC_1 0.789

PBC_2 0.872

PBC_3 0.610

INT_1 0.857
INT_2 0.927
INT_3 0.943
Cronbach alpha 0.690 0.606 0.643 0.895
rho_A 1.240 0.689 0.696 0.895
AVE 0.587 0.619 0.584 0.827

Table 4. VIF analysis for the constructs and items used in the struc-
tural model.

Constructs Intentions Stated-Behavior
ATT 1.146

SN 1.176

PBC 1.087 1.531
INT 1.708
Variables

Age 1.486
Education 1.395
Breeding type 1.110
Operating Margin 1.162
Veterinary system 1.117

0.306, suggesting that the model that explanatory and
predictive power of the analysis is sufficient. Path coef-
ficients are indicative of the direction and the magnitude
of the relations among Constructs and variables with the
explained variables: Intention and stated-behaviour.

Starting with the relation with the intentions and
TPB constructs, we found that only PBC has significant
effect on dairy farmers’ intention to adopt technologi-
cal tools to improve animal welfare. Conversely, ATT
and SN are not significant in the structural model. Since
these latent variables are obtained starting from TPB
adapted for the analysis of dairy farmers’ intention and
behaviour toward innovative tools, further explanations
are provided.

Note: p-values in parenthesis.

Another important information is provided by the
coefficient related to ATT which is representative of
dairy farmers’ evaluation of the consequences of their
decision. Being the coeflicient close to zero, this con-
struct seems to be unrelated with the intention. .

The structural model evaluated also the relations
between TPB construct and items with dairy farmers’
stated behaviour. Important outcomes are obtained by this
model; in fact, INT is not significant. This result is particu-
larly important because it indicates that there is an impor-
tant gap between dairy farmers’ intentions compared to the
actual execution of the behaviour. PBC, on the other hand,
is significant compared to the actual behaviour.

Since ATT 1 is not significant, it’s also possible that
the drivers of the stated behaviour lie on other aspects.
So, as suggested by Spina et al. (2023), other aspects were
considered in the structural models to improve research-
ers’ ability to describe farmers behaviour. So, to get more
information related to the drivers of the stated behaviour,
single items variables related to farmers and firms’ char-
acteristics were included in the model. Among such pre-
dictors, Age, Education, Breeding type, Operating Mar-
gin and Veterinary system were integrated in the struc-
tural model and were found to be useful to describe dairy
farmers’ behaviour. In particular, Operating Margins rep-
resents the variable with the highest magnitude based on
the obtained coeflicient. Even if the p-value is just above
the 0.05 limit, also breeding type indicates that producers
that use Cubicles for cattle are more likely to adopt tools
related to animal welfare. The access to the Veterinary
system is positively related to the stated behaviour.

Finally, the results highlight neither age nor educa-
tion is significant in the structural model, suggesting that
the aspects that drive dairy farmers’ choices are mostly
related to the farms features rather than personal charac-
teristics, except for self-awareness mediated by PBC.
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5. DISCUSSION

The results about the significant effect of PBC on
dairy farmers’ intention to adopt technological tools to
improve AW suggest the important role of dairy farm-
ers’ awareness in their capabilities described by this con-
struct (Lima et al., 2018). The coefficient of PBC is posi-
tive, indicating that as self-awareness increases, inten-
tion toward the adoption of technological instruments
increases (Timpanaro et al., 2023). Conversely, SN that
consist in the effect of the system surrounding farmer, is
not significant in predicting their intention. This result
suggests that dairy farmers are little influenced by out-
side opinions, preferring to rely on their own knowledge
in making managerial decisions (Bagheri and Teymouri,
2022; Dong et al., 2023).

Another important result is the construct ATT that
seems to be unrelated with the intention. This result
could suggest that dairy farmers are still unable to judge
the effect on business performance in the medium to
long term of the introduction of technological innova-
tions related to animal welfare, as stated by Rutten et al.
(2018) and Silvi et al. (2021).

The structural model evaluated also the relations
between TPB construct and items with dairy farmers’
stated behaviour. The results of this model suggest the
high importance of self-awareness with respect to busi-
ness investment in innovative technological instruments.
In fact, investing in new technologies involves high
effort by entrepreneurs in developing technical skills. As
a result, a high PBC can reduce the perception of risk
and encourage entrepreneurial choices toward such tools
(Yang et al., 2022).

When single items variables related to farmers and
firms’ characteristics were included in the structural
model, Operating Margins resulted as the most impor-
tant variable that affect the adoption of technological
tools. This result confirms what Vazquez et al., (2019)
stated about agribusiness sector and it is crucial because
it indicates that it is the actual availability of funds that
moves dairy farmers’ investments rather than intentions
and SN. Moreover, also the access to the Veterinary sys-
tem has significant effect on the stated behaviour. Con-
versely, less specialized systems such as litter and mixed
systems are not related to technological innovation
(Abeni et al., 2019). The access to the Veterinary system
is positively related to the stated behaviour, suggesting
that dairy farmers capable to use IT system to commu-
nicate with the veterinary system are more interested
in animal welfare technologies contrary to other find-
ings reporting that there is no this kind of interrelation
(Kebebe et al., 2017). This variable has a twofold mean-

ing: greater aptitude compared with IT services and
greater attention to herd health aspects. The last aspect
that is worthy to be considered is related to the role of
entrepreneurs’ characteristics.

The use of devices to improve animal welfare in
agriculture, including animal husbandry, can lead to a
range of benefits, including greater economic and envi-
ronmental sustainability of the production process. Con-
stant monitoring of animals can help identify health or
welfare problems early, thereby reducing economic losses
due to diseases or mortality. Devices that optimize feed-
ing, waste management, and water use can contribute to
reducing operating costs and minimizing the environ-
mental impact of farming. Developing low-cost devices
and accessible technological solutions for farmers is cru-
cial to ensure that the benefits of technology are avail-
able to all, regardless of the size of the farm or available
financial resources. Investing in research and develop-
ment to continuously improve devices and technologies
for animal welfare can lead to increasingly effective and
efficient solutions, further enhancing the sustainability
of the animal husbandry industry.

6. CONCLUSION
6.1. Main outcomes

The paper investigated using the extended TPB as
theoretical framework and a multi variate analysis tool
such as PLS-SEM dairy farmers’ intention and behaviour
toward the adoption of technological tools related to ani-
mal welfare. This methodological approach allowed us to
meet the research questions. In particular, we found that
PBC was a good predictor of intention while SN and ATT
were not significant in the model. PBC and INT were
used as regressors of behaviour; results indicate that a gap
between behaviour and intention exists. Conversely, PBC
is significant toward behaviour indicating the predomi-
nant role of self-confidence in dairy farmers’” choices. TPB
was integrated using dairy farmers and firms’ characteris-
tics as predictors of behaviour. Results suggest that behav-
iour is mainly affect by firms characteristics being age and
education are not significant in the structural model. The
operating margin is the driver with the highest effect in
dairy farmers’ behaviour indicating that the implementa-
tion of technological tools and attitudes toward innovative
investments are mainly influenced by the actual avail-
ability of liquidity. Finally, also the technological speciali-
zation of the firms and IT and veterinary aspects can be
important as significant predictor of behaviour.

The results of this research state the importance of
developing ad hoc strategies and promoting research in



12

this field as crucial steps to maximizing the benefits of
these technologies.

6.2. Implications

The results of this work have several implications,
for academics and stakeholders in the dairy cattle sector.
Considering the academic perspective, to the best of our
knowledge, this is the first work using the extended TPB
to describe dairy farmers’ choices for technological tools
related to animal welfare. Consequently, these results
can provide early clues regarding this topic. In particu-
lar, the importance of TPB constructs for describing
dairy farmers’ intentions emerged but not as a predictor
of actual behaviour. The prominent role of the operative
margin was found indicating that TPB can be a good
predictor for intention, but structural characteristics of
firms could have an important role in describing dairy
farmers’ behaviour. For stakeholders, this work can help
improve the characteristics of the sector. Indeed, tech-
nology investments are advisable to improve the efficien-
cy and profitability of enterprises. Considering that the
main drivers of behaviour are related to operating mar-
gin, breeding systems and the access to the IT veterinary
system, policymakers could support, even though the
Community Agricultural Policy, the adoption of techno-
logical tools and the acquisition of IT support for enter-
prise management. Such investments should be sup-
ported by appropriate training courses to improve dairy
farmers’ competences. Finally, since PBC is significant in
the structural model, the introduction of technical train-
ing courses can also be helpful in improving the invest-
ment readiness of dairy farmers.

6.3. Limitations and future research

The main limitation of the work is the typical one
for the studies involving survey area: the results are
influenced by the local problems and conditions where
dairy farmers conduct their activities. Consequently, the
same study, if carried out in other regions, could lead to
different results. However, this limitation can be miti-
gated by the power sampling evaluation carried out that
suggested the sample size used is sufficient to make sta-
tistical inference. Another limitation of the work comes
from the variables used in the model. While strength-
ened by such aspects the model cannot be exhaustive of
behaviour, as there are multiple drivers of individuals’
behaviour. In fact, only selected aspects were investi-
gated, consequently other factors influencing dairy farm-
ers’ behaviour may play a role that was not observed in
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this study (i.e. entrepreneur’s risk aversion, availability
of funding, barriers, competition, and others). However,
this limitation offers an important insight for further
research. In fact, the TPB could be integrated with other
constructs or single items derived from scales validat-
ed in literature or with other items that have not been
considered, with the aim to increase understanding of
the drivers of choice for describing behaviours. Moreo-
ver, TPB could be replaced or integrated with scales
that consider other aspects such as the Norm Activation
Model as the main model. Finally, the same work could
be conducted in other regions and countries to assess
changes in the structural model.

FUNDING

This research was carried out within the project
entitled “Cow-Tech”, CUPG69J18001020007, financially
supported by POR FESR 2014-2020 - Action line 1.1.5.

REFERENCES

Abeni, F, Petrera F, & Galli, A. (2019). A survey of Ital-
ian dairy farmers’ propensity for precision livestock
farming tools. Animals (Basel), 9(5), 202.

Ajzen, I. (1991). The theory of planned behavior. Organi-
zational behavior and human decision processes,
50(2), 179-211.

Akbar, M. O., Shahaz khan, M. S., Ali, M. J., Hussain, A.,
Qaiser, G., Pasha, M., Missen, M. S., & Akhtar, N.
(2020). IoT for development of smart dairy farming.
Journal of Foody Quality, 2020, 4242805, 1-8.

Akhigbe, B. I, Munir, K., Akinade, O., Akanbi, L., &
Ovyedele, L. O. (2021). IoT technologies for livestock
management: a review of present status, opportuni-
ties, and future trends. Big data and cognitive comput-
ing, 5(1), 10.

Alonso, M. E., Gonzdilez-Montana, J. R., & Lomillos, J.
M. (2020). Consumers’ concerns and perceptions of
farm animal welfare. Animals, 10(3), 385.

Aquilani, C., Confessore, A., Bozzi, R., Sirtori, F., & Pug-
liese, C. (2022). Precision livestock farming tech-
nologies in pasture-based livestock systems. Animal,
16(1), 100429.

Bagheri, A., & Teymouri, A. (2022). Farmers’ intended
and actual adoption of soil and water conserva-
tion practices. Agricultural Water Management, 259,
107244.

Banhazi, T. M., Lehr, H., Black, J. L., Crabtree, H., Scho-
field, P, & Tscharke, M. (2012). Precision livestock



Simultaneous evaluation of dairy farmers’ behaviour and intention to adopt technological devices 13

farming: an international review of scientific and
commercial aspects. International Journal of Agricul-
tural and Biological Engineering, 5(3), 1-9.

Bartlett, J. E., Kotrlik, J. W.,, & Higgins, C. C. (2001).
Organizational research: determining appropriate
sample size in survey research. Information Technol-
ogy, Learning, and Performance Journal, 19(1), 43-50.

Berckmans, D. (2017). General introduction to precision
livestock farming. Animal Frontiers, 7(1), 6-11.

Bianchi, M. C,, Bava L., Sandrucci, A., Tangorra, E. M.,
Tamburini, A., Gislon, G., & Zucali, M. (2022). Dif-
fusion of precision livestock farming technologies in
dairy cattle farms. Animal, 16(11), 100650.

Blang, S., Massaglia, S., Borra, D., Mosso, A., & Merlino,
V. M. (2020). Animal welfare and gender: a nexus in
awareness and preference when choosing fresh beef
meat?. Italian Journal of Animal Science, 19(1), 410-
420.

Bland, J. M., & Altman, D. G. (1997). Statistics notes:
Cronbach’s alpha. BM]J, 314(7080), 572.

Borges, J. A. R, de Faria Domingues, C. H., Caldara, E
R., da Rosa, N. P, Senger, 1., & Freire Guidolin, D. G.
(2019). Identitying the factors impacting on farmers’
intention to adopt animal friendly practices. Preven-
tive Veterinary Medicine, 170, 104718.

Borges, J. A. R., & Lansink, A. G. O. (2016). Identifying
psychological factors that determine cattle farmers’
intention to use improved natural grassland. Journal
of Environmental Psychology, 45, 89-96.

Chapa, J. M., Maschat, K., Iwersen, M., Baumgartner, J.,
& Drillich, M. (2020). Accelerometer systems as tools
for health and welfare assessment in cattle and pigs-a
review. Behavioural Processes, 181, 104262.

Chavas, J. P, & Nauges, C. (2020). Uncertainty, learning,
and technology adoption in agriculture. Applied Eco-
nomic Perspectives and Policy, 42(1), 42-53.

CLAL (2022). Italy: Monthly deliveries of cow milk. Avail-
able at: https://www.clal.it/en/?section=consegne_reg_
it (accessed 28 April 2023).

da Borso, E, Kic, P, & Kante, J. (2022). Analysis of man-
agement, labor and economics of milking systems in
intensive goat farms. Agriculture, 12(4), 513.

Despotovi¢, J., Rodi¢, V., & Caracciolo, E (2019). Factors
affecting farmers™ adoption of integrated pest man-
agement in Serbia: an application of the theory of
planned behavior. Journal of Cleaner Production, 228,
1196-1205.

do Valle, P. O., & Assaker, G. (2016). Using partial least
squares structural equation modeling in tourism
research: a review of past research and recommen-
dations for future applications. Journal of Travel
Research, 55(6), 695-708.

Dong, H., Zhang, Y., Chen, T., & Li, J. (2023). Acceptance
intention and behavioral response to soil-testing for-
mula fertilization technology: an empirical study of
agricultural land in Shaanxi Province. International
Journal of Environmental Research and Public Health,
20(2), 951.

Dorce, L. C., da Silva, M. C., Mauad, J. R. C., de Far-
ia Domingues, C. H., & Borges, J. A. R. (2021).
Extending the theory of planned behavior to
understand consumer purchase behavior for organ-
ic vegetables in Brazil: the role of perceived health
benefits, perceived sustainability benefits and per-
ceived price. Food Quality and Preference, 91,
104191.

Ferguson, J. D., Azzaro, G., Gambina, M., & Licitra, G.
(2007). Prevalence of Mastitis Pathogens in Ragusa,
Sicily, from 2000 to 2006. Journal of Dairy Science,
90(12), 5798-5813.

Fraser, D. (2008). Toward a global perspective on farm
animal welfare. Applied Animal Behaviour Science,
113(4), 330-339.

Gargiulo, J. I., Eastwood, C. R., Garcia, S. C., & Lyons, N.
A. (2018). Dairy farmers with larger herd sizes adopt
more precision dairy technologies. Journal of Dairy
Science, 101, 5466-5473.

Gomez, Y., Stygar, A. H., Boumans, I. J. M. M., Bokkers,
E. A. M,, Pedersen, L. J., Niemi, J. K., Pastell, M.,
Manteca, X., & Llonch, P. (2021). A systematic review
on validated precision livestock farming technologies
for pig production and its potential to assess animal
welfare. Frontiers in Veterinary Science, 8, 660565.

Groher, T., Heitkdmper, K., & Umstitter, C. (2020). Digi-
tal technology adoption in livestock production with
a special focus on ruminant farming. Animal, 14(11),
2404-2413.

Guarino, M., Norton, T., Berckmans, D., Vranken, E., &
Berckmans, D. (2017). A blueprint for developing
and applying precision livestock farming tools: a key
output of the EU-PLF project. Animal Frontiers, 7,
12-17.

Guyomard, H., Bouamra-Mechemache, Z., Chatellier, V.,
Delaby, L., Détang-Dessendre, C., Peyraud, J. L., &
Réquillart, V. (2021). Why and how to regulate ani-
mal production and consumption: the case of the
European Union. Animal, 15(1), 100283.

Hair, J. E, Hult, T. M., Ringle, C., Sarstedt, M., Magno, E,
Cassia, F, & Scafarto, F. (2020). Le equazioni struttur-
ali Partial Least Squares: Introduzione alla PLS-SEM.
Milano, Franco Angeli.

Hair, J. E, Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM:
Indeed a silver bullet. Journal of Marketing theory
and Practice, 19(2), 139-152.


https://www.clal.it/en/?section=consegne_reg_it
https://www.clal.it/en/?section=consegne_reg_it

14

Hair, J. E, Risher, J. J., Sarstedt, M., & Ringle, C. M.
(2019). When to use and how to report the results of
PLS-SEM. European Business Review, 31(1), 2-24.

Hartung, J., Banhazi, T., Vranken, E., & Guarino M.
(2017). European farmers’ experiences with precision
livestock farming systems. Animal Frontiers, 7(1),
38-44.

Henchion, M. M., Regan, A., Beecher, M., & Macken-
Walsh, A. (2022). Developing ‘smart’ dairy farm-
ing responsive to farmers and consumer-citizens: a
review. Animals, 12, 360.

Herlin, A., Brunberg, E., Hultgren, J., Hogberg, N,
Rydberg, A., & Skarin, A. (2021). Animal welfare
implications of digital tools for monitoring and man-
agement of cattle and sheep on pasture. Animals, 11,
829.

Jukan, A., Masip-Bruin, X., & Amla, N. (2017). Smart
computing and sensing technologies for animal wel-
fare: a systematic review. ACM Computing Surveys,
50(1), 1-27.

Kebebe, E. G., Oosting, S. J., Baltenweck, I., & Duncan,
A. J. (2017). Characterisation of adopters and non-
adopters of dairy technologies in Ethiopia and Kenya.
Tropical Animal Health and Production, 49(4), 681-
690.

Kellert, S. (1980). American attitudes toward and knowl-
edge of animals: An update. International Journal for
the Study of Animal Problems, 1(2), 87-119.

Krampe, C., Serratosa, J., Niemi, J. K., & Ingenbleek, P. T.
M. (2021). Consumer Perceptions of Precision Live-
stock Farming—A Qualitative Study in Three Europe-
an Countries. Animals, 11, 1221.

Kureshi, S., & Sujo, T. (2019). Online grocery retailing -
exploring local grocers beliefs. International Journal
of Retail & Distribution Management, 47(2), 157-185.

Licata, M., Ruggeri, R., Iacuzzi, N., Virga, G., Farruggia,
D., Rossini, F, & Tuttolomondo, T. (2021). Treatment
of combined dairy and domestic wastewater with
constructed wetland system in Sicily (Italy). Pollutant
removal efficiency and effect of vegetation. Water, 13,
1086.

Lima, E., Hopkins, T., Gurney, E., Shortall, O., Lovatt,
E, Davies, P., & Kaler, J. (2018). Drivers for preci-
sion livestock technology adoption: a study of factors
associated with adoption of electronic identification
technology by commercial sheep farmers in england
and wales. PLoS ONE, 13(1), e0190489.

Loera, B., Murphy, B., Fedi, A., Martini, M., Tecco, N., &
Dean, M. (2022). Understanding the purchase inten-
tions for organic vegetables across EU: a proposal to
extend the TPB model. British Food Journal, 124(12),
4736-4754.

Roberta Selvaggi et al.

Lomax, S., Colusso, P, & Clark, C. E. F. (2019). Does virtual
fencing work for grazing dairy cattle? Animals, 9, 429.

Lopez-Mosquera, N. (2016). Gender differences, theory
of planned behavior and willingness to pay. Journal of
Environmental Psychology, 45, 165-175.

Lovarelli, D., Bacenetti, J., & Guarino, M. (2020). A
review on dairy cattle farming: Is precision livestock
farming the compromise for an environmental, eco-
nomic and social sustainable production?. Journal of
Cleaner Production, 262, 1214009.

Lovarelli, D., Brandolese, C., Leliveld, L., Finzi, A., Riva,
E., Grotto, M., & Provolo, G. (2022). Development of
a new wearable 3D sensor node and innovative open
classification system for dairy cows” behavior. Ani-
mals, 12, 1447.

Makinde, A., Islam, M. M., Wood, K.M., Conlin, E., Wil-
liams, M., & Scott, S. D. (2022). Investigating percep-
tions, adoption, and use of digital technologies in the
Canadian beef industry. Computers and Electronics in
Agriculture, 198, 107095.

Mattachini, G., Antler, A., Riva, E., Arbel, A., & Provolo,
G. (2013). Automated measurement of lying behavior
for monitoring the comfort and welfare of lactating
dairy cows. Livestock Science, 158(1-3), 145-150.

Mazrier, H., Tal, S., Aizinbud, E., & Bargai, U. (2006). A
field investigation of the use of the pedometer for the
early detection of lameness in cattle. The Canadian
Veterinary Journal, 47(9), 883-886.

Menozzi, D., Giraud, G., Saidi, M., & Yeh, C. H. (2021).
Choice drivers for quality-labelled food: a cross-cul-
tural comparison on PDO cheese. Foods, 10(6), 1176.

Menozzi, D., Halawany-Darson, R., Mora, C., & Giraud,
G. (2015). Motives towards traceable food choice: a
comparison between French and Italian consumers.
Food Control, 49, 40-48.

Mensching, A., Zschiesche, M., Hummel, J., Grelet, C,,
Gengler, N., Dénicke, S., & Sharifi, A. R. (2021).
Development of a subacute ruminal acidosis risk
score and its prediction using milk mid-infrared
spectra in early-lactation cows. Journal of Dairy Sci-
ence, 104(4), 4615-4634.

Meuwissen, M. P, Feindt, P. H., Spiegel, A., Termeer, C. J.
A. M., Mathijs, E., De Mey, Y., Finger, R., Balmann,
A., Wauters, E., Urquhart, J., Vigani, M., Zawalinska,
K., Herrera, H., Nicholas-Davies, P., Hansson, H.,
Paas, W.,, Slijper, T., Coopmans, I., Vroege, W,
Ciechomska, A., Accatino, F, Kopainsky, B., Poort-
vliet, P. M., Candel, J. J. L., Maye, D., Severini, S.,
Senni, S., Soriano, B., Lagerkvist, C. J., Peneva, M.,
Gavrilescu, C., & Reidsma, P. (2019). A framework to
assess the resilience of farming systems. Agricultural
Systems, 176, 102656.



Simultaneous evaluation of dairy farmers’ behaviour and intention to adopt technological devices 15

Morrone, S., Dimauro, C., Gambella, E, & Cappai, M. G.
(2022). Industry 4.0 and Precision Livestock Farming
(PLF): an up to date overview across animal produc-
tions. Sensors, 22, 4319.

Nadal-Roig, E., Pla-Aragones, L. M., & Alonso-Ayuso, A.
(2019). Production planning of supply chains in the
pig industry. Computers and Electronics in Agricul-
ture, 161, 72-78.

Napolitano, F., Bragaglio, A., Sabia, E., Serrapica, F.,
Braghieri, A., & De Rosa, G. (2020). The human—ani-
mal relationship in dairy animals. Journal of Dairy
Research, 87(S1), 47-52.

Neethirajan, S., & Kemp, B. (2021). Digital livestock
farming. Sensing and Bio-Sensing Research, 32,
100408.

Pfeiffer, J., Gabriel, A., & Gandorfer, M. (2021). Under-
standing the public attitudinal acceptance of digital
farming technologies: a nationwide survey in Germa-
ny. Agriculture and Human Values, 38(1), 107-128.

Pieniak, Z., Aertsens, J., & Verbeke, W. (2010). Subjective
and objective knowledge as determinants of organic
vegetables consumption. Food Quality and Preference,
21, 581-588.

Pierpaoli, E., Carli, G., Pignatti, E., & Canavari, M.
(2013). Drivers of precision agriculture technologies
adoption: a literature review. Procedia Technology, 8,
61-69.

Poulopoulou, I., Lambertz, C., & Gauly, M. (2019). Are
automated sensors a reliable tool to estimate behav-
ioural activities in grazing beef cattle?. Applied Ani-
mal Behaviour Science, 216, 1-5.

Pugliese, M., Biondi, V., Passantino, A., Licitra, A., Ali-
brandi, A., Zanghi, A., Conte, F., & Marino, G.
(2021). Welfare assessment in intensive and semi-
intensive dairy cattle management system in Sicily.
Animal Science Journal, 92, e13546.

Raimondo, M., Hamam, M., D’Amico, M., Caracciolo, E
(2022). Plastic-free behavior of millennials: an appli-
cation of the theory of planned behavior on drinking
choices. Waste Management, 138, 253-261.

Ramoén-Moragues, A., Carulla, P, Minguez, C., Villagra,
A., & Estellés, F. (2021). Dairy cows activity under
heat stress: a case study in Spain. Animals, 11, 2305.

Rauw, W. M., Rydhmer, L., Kyriazakis, I., @verland, M.,
Gilbert, H., Dekkers, J. C., Hermesch, S., Bouquet,
A., Gémez Izquierdo, E., Louveau, I., & Gomez-Raya,
L. (2020). Prospects for sustainability of pig produc-
tion in relation to climate change and novel feed
resources. Journal of the Science of Food and Agricul-
ture, 100(9), 3575-3586.

Reinartz, W., Haenlein, M., & Henseler, J. (2009). An
empirical comparison of the efficacy of covariance-

based and variance-based SEM. International Journal
of research in Marketing, 26(4), 332-344.

Rezaei, R., Safa, L., Damalas, C. A., & Ganjkhanloo, M.
M. (2019). Drivers of farmers’ intention to use inte-
grated pest management: integrating theory of
planned behavior and norm activation model. Jour-
nal of Environmental Management, 236, 328-339.

Richards, E., Signal, T., & Taylor, N. (2013). A different
cut? Comparing attitudes toward animals and pro-
pensity for aggression within two primary industry
cohorts—farmers and meatworkers. Society & Ani-
mals, 21, 395-413.

Ringle, C. M., Sarstedt, M., Mitchell, R., & Gudergan, S.
P. (2020). Partial least squares structural equation
modeling in HRM research. The International Journal
of Human Resource Management, 31(12), 1617-1643.

Roelofs, J. B., Van Eerdenburg, E J. C. M., Soede, N. M.,
& Kemp, B. (2005). Pedometer readings for estrous
detection and as predictor for time of ovulation in
dairy cattle. Theriogenology, 64, 1690-1703.

Rowe, E., Dawkins, M. S., & Gebhardt-Henrich, S. G.
(2019). A systematic review of precision livestock
farming in the poultry sector: is technology focussed
on improving bird welfare?. Animals, 9, 614.

Ruff, C. C., Alexander, I. M., & McKie, C. (2005). The
use of focus group methodology in health disparities
research. Nursing outlook, 53(3), 134-140.

Rutten, C. J., Steeneveld, W,, Oude Lansink, A. G. J. M., &
Hogeveen, H. (2018). Delaying investments in sensor
technology: the rationality of dairy farmers’ investment
decisions illustrated within the framework of real options
theory. Journal of Dairy Science, 101(8), 7650-7660.

Rutten, C. J., Velthuis, A. G. J., Steeneveld, W., &
Hogeveen, H. (2013). Invited review: sensors to sup-
port health management on dairy farms. Journal of
Dairy Science, 96(4), 1928-1952.

Santo, N., Konig von Borstel, U., & Sirovnik, J. (2020).
The influence of maternal contact on activity, emo-
tionality and social competence in young dairy
calves. Journal of Dairy Research, 87(S1), 138-143.

Sarstedt, M., Radomir, L., Moisescu, O. I., & Ringle, C.
M. (2022). Latent class analysis in PLS-SEM: a review
and recommendations for future applications. Journal
of Business Research, 138, 398-407.

Sarstedt, M., Ringle, C. M., Cheah, J. H., Ting, H., Mois-
escu, O. I, & Radomir, L. (2020). Structural model
robustness checks in PLS-SEM. Tourism Economics,
26(4), 531-554.

Savari, M., & Gharechaee, H. (2020). Application of the
extended theory of planned behavior to predict Ira-
nian farmers’ intention for safe use of chemical ferti-
lizers. Journal of Cleaner Production, 263, 121512.



16

Schillings, J., Bennett, R., & Rose, D. C. (2021). Exploring
the potential of precision livestock farming technolo-
gies to help address farm animal welfare. Frontiers in
Animal Science, 2, 639678.

Shepley, E., Berthelot, M., & Vasseur, E. (2017). Valida-
tion of the ability of a 3D pedometer to accurately
determine the number of steps taken by dairy cows
when housed in tie-stalls. Agriculture, 7(7), 53.

Shepley, E., Lensink, J., Leruste, H., & Vasseur, E. (2020).
The effect of free-stall versus strawyard housing and
access to pasture on dairy cow locomotor activity
and time budget. Applied Animal Behaviour Science,
224, 104928.

Silva, S. R., Araujo, J. P,, Guedes, C,, Silva, E, Almeida,
M., & Cerqueira, J. L. (2021). Precision technologies
to address dairy cattle welfare: focus on lameness,
mastitis and body condition. Animals, 11, 2253.

Silvi, R., Pereira, L. G. R., Paiva, C. A. V,, Tomich, T. R,,
Teixeira, V. A., Sacramento, J. P., & Dorea, J. R. R.
(2021). Adoption of precision technologies by bra-
zilian dairy farms: the farmer’s perception. Animals,
11(12), 3488.

Simitzis, P, Tzanidakis, C., Tzamaloukas, O., & Sossidou,
E. (2022). Contribution of precision livestock farm-
ing systems to the improvement of welfare status and
productivity of dairy animals. Dairy, 3, 12-28.

Spina, D., Caracciolo, F,, Chinnici, G., Di Vita, G., Selvag-
gi, R., Pappalardo, G., Pecorino, B., & D’Amico, M.
(2023). How do farmers plan to safeguard the envi-
ronment? Empirical evidence on farmers’ intentions
to adopt organic pest management practices. Journal
of Environmental Planning and Management, 1-21.

Stachowicz, J., Nasser, R., Adrion, F., & Umstatter, C.
(2022). Can we detect patterns in behavioral time
series of cows using cluster analysis?. Journal of Dairy
Science, 105(12), 9971-9981.

Stachowicz, J., & Umstatter, C. (2021). Do we automati-
cally detect health- or general welfare-related issues?
A framework. Proceedings of the Royal Society B,
288(1950), 20210190.

Steeneveld, W., & Hogeveen, H. (2014). Characterization of
Dutch dairy farms using sensor systems for cow man-
agement. Journal of Dairy Science, 98(1), 709-717.

Stevenson, P. (2023). Precision livestock farming: could
it drive the livestock sector in the wrong direction?
Compassion in world farming. Available at: https://
www.ciwf.org.uk/research/animal-welfare/precision-
livestock-farming-could-it-drive-the-livestock-sec-
tor-in-the-wrong-direction/ (accessed 24 July 2023
Month Year).

Stone, A. E. (2020). Symposium review: The most impor-
tant factors affecting adoption of precision dairy

Roberta Selvaggi et al.

monitoring technologies. Journal of Dairy Science,
103(6), 5740-5745.

Stygar, A. H., Gomez, Y., Berteselli, G. V., Dalla Costa,
E., Canali, E., Niemi, J. K., Llonch, P., & Pastell, M.
(2021). A systematic review on commercially avail-
able and validated sensor technologies for welfare
assessment of dairy cattle. Frontiers in Veterinary Sci-
ence, 8, 634338.

Tekin, A., Yurdakok-Dikmen, B., Kanca, H., & Guatteo,
R. (2021). Precision livestock farming technologies:
novel direction of information flow. Ankara Universi-
tesi Veteriner Fakultesi Dergisi, 68(2), 193-212.

Temple, D., & Manteca, X. (2020). Animal welfare in
extensive production systems is still an area of con-
cern. Frontiers in Sustainable Food Systems, 4, 545902.

Timpanaro, G., Chinnici, G., Selvaggi, R., Cascone, G., Foti,
V. T., & Scuderi, A. (2023). Farmer’s adoption of agri-
cultural insurance for Mediterranean crops as an inno-
vative behavior. Food Economy, 25(2), art. 7, 155-188.

Tobin, C. T., Bailey, D. W,, Stephenson, M. B., Trotter, M.
G., Knight, C. W,, & Faist, A. M. (2022). Opportu-
nities to monitor animal welfare using the five free-
doms with precision livestock management on range-
lands. Frontiers in Animal Science, 3, 928514.

Tullo, E., Finzi, A., & Guarino, M. (2019). Environmental
impact of livestock farming and Precision Livestock
Farming as a mitigation strategy. Science of the Total
Environment, 650, 2751-2760.

Umega, R., & Raja, M. A. (2017). Design and implemen-
tation of livestock barn monitoring system. 2017
International Conference on Innovations in Green
Energy and Healthcare Technologies (IGEHT), Coim-
batore, India, 2017, 1-6.

Vasseur, E. (2017). Animal behavior and well-being sym-
posium: optimizing outcome measures of welfare in
dairy cattle assessment. Journal of Animal Science,
95(3), 1365-1371.

Vazquez, J. J., Cebolla, M. P. C., & Ramos, E. S. (2019).
Digital transformation in the spanish agri-food coop-
erative sector: situation and prospects. CIRIEC-Espa-
na Revista De Economia Publica, Social y Cooperati-
va, 95, 39-70.

Veissier, I., Kling-Eveillard, F, Mialon, M. M., Silber-
berg, M., de B. des Roches, A., Terlouw, C., Ledoux,
D., Meunier, B., & Hostiou, N. (2019). Precision live-
stock farming and animal welfare: is the numerical
revolution in agriculture able to take into account
animals’ and farmers’ needs?. INRA Productions Ani-
males, 32(2), 281-290.

Venturini, S., & Mehmetoglu, M. (2019). Plssem: a stata
package for structural equation modeling with partial
least squares. Journal of Statistical Software, 88, 1-35.


https://www.ciwf.org.uk/research/animal-welfare/precision-livestock-farming-could-it-drive-the-livestock-sector-in-the-wrong-direction/
https://www.ciwf.org.uk/research/animal-welfare/precision-livestock-farming-could-it-drive-the-livestock-sector-in-the-wrong-direction/
https://www.ciwf.org.uk/research/animal-welfare/precision-livestock-farming-could-it-drive-the-livestock-sector-in-the-wrong-direction/
https://www.ciwf.org.uk/research/animal-welfare/precision-livestock-farming-could-it-drive-the-livestock-sector-in-the-wrong-direction/

Simultaneous evaluation of dairy farmers’ behaviour and intention to adopt technological devices

Wauters, E., Bielders, C., Poesen, J., Govers, G., & Mathi-
js, E. (2010). Adoption of soil conservation practices
in Belgium: an examination of the theory of planned
behaviour in the agri-environmental domain. Land
Use Policy, 27, 86e94.

Yang, X., Zhou, X., & Deng, X. (2022). Modeling farmers’
adoption of low-carbon agricultural technology in
jianghan plain, china: An examination of the theory
of planned behavior. Technological Forecasting and
Social Change, 180, 121726.

Yatribi, T. (2020). Factors affecting precision agriculture
adoption: a systematic literature review. Economics,
8(2), 103-121.

Zarba, C., Bracco, S., Pecorino, B., Pappalardo, G., Chin-
nici, G., & D’Amico, M. (2022). Supporting Agri-
Food SMEs in Italy in the Post-COVID-19 context:
from Horizon 2020 to Horizon Europe. Sustainability,
14, 7615.

Zarba, C., Chinnici, G., La Via, G., Bracco, S., Pecorino,
B., & D’Amico, M. (2021). Regulatory elements on
the circular economy: driving into the agri-food sys-
tem. Sustainability, 13, 8350.

Zhang, M., Wang, X., Feng, H., Huang, Q., Xiao, X., &
Zhang, X. (2021). Wearable Internet of Things ena-
bled precision livestock farming in smart farms: A
review of technical solutions for precise perception,
biocompatibility, and sustainability monitoring. Jour-
nal of Cleaner Production, 312, 127712.

Zhong, Z., Luo, J., Zhang, M. (2015). Understanding
antecedents of continuance intention in mobile travel
booking service. International Journal of Business and
Management, 10(9), 156-162.



	Simultaneous evaluation of dairy farmers’ behaviour and intention to adopt technological devices
	Roberta Selvaggi1,*, Raffaele Zanchini2, Carla Zarbà1, Biagio Pecorino1, Gioacchino Pappalardo1
	From fair market value to judicial market value of real estate
	Silvio Menghini, Veronica Alampi Sottini, Roberto Fratini*
	Machine learning models in mass appraisal for property tax purposes: a systematic mapping study
	Carlos Augusto Zilli1,*, Lia Caetano Bastos2, Liane Ramos da Silva2
	Influence of a traditional flea market on property prices in its surroundings – a case study in Porto Alegre, Brazil
	Marco Aurelio Stumpf González
	Rassegna giurisprudenziale I semestre 2024 
	a cura di Nicola Lucifero 

