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Abstract: Supporting education and training initiatives has been identified as an effective way to
address Sustainable Development Challenges. In this sense, e-learning stands out as one of the
most viable alternatives considering its advantages in terms of resources, time management, and
geographical location. Understanding the reasons that move users to adopt these technologies is
critical for achieving the desired social objectives. The Technology Acceptance Model (TAM) provides
valuable guidelines to identify the variables shaping users’ acceptance of innovations. The present
study aims to validate a TAM extension designed for FARMER 4.0, an e-learning application in the
agricultural sector. Findings suggest that content quality (CQ) is the primary determinant of farmers’
and agricultural entrepreneurs’ perception of the tool’s usefulness (PU). Furthermore, experience
(EXP) and self-efficacy (SE) shape potential users’ perceptions about ease of use (PEOU). This study
offers helpful insight into the design and development of e-learning applications in the farming
sector and provides empirical evidence of TAM’s validity to assess technology acceptance.

Keywords: TAM; e-learning applications; agriculture; technology acceptance

1. Introduction

Sustainable development, defined as the development that satisfies the present gener-
ations’ needs without sacrificing the available resources for future generations [1], entails
inter-generational equity in social, economic, and environmental spheres. The design of
initiatives addressing the three aspects is intricate and challenging [2] and requires the
construction of specific scientific and technical capacities, methodologies, and competen-
cies [3].

In an effort to support initiatives working around the Sustainable Development Goals
established by the United Nations, the European Union designed and implemented the
project Erasmus+ for the period 2014–2021. The Erasmus+ is a renewed effort after more
than 25 years of European programs supporting education and training for youth. One of
the program’s action lines, “Erasmus+: Grundtvig”, aimed to build an educational and
continuous learning environment ideal for further developing European adult people’s
talent, based on their current know-how and looking to develop new technical and techno-
logical skills. The financed projects aimed to solve some of the socio-economic challenges
that European governments are facing and will continue to face during the next decade [4].
One of the initiatives that emerged as a response to the Erasmus+ call for innovation
was FARMER 4.0. Rooted in the agricultural sector, FARMER 4.0 is an e-learning tool for
farmers and agricultural entrepreneurs.

The e-learning approach adopted by FARMER 4.0 is an innovative alternative to pro-
mote the development of new agricultural skills. Supported by the Information and Com-
munication Technologies (ICTs), online education gives access to up-to-date knowledge
without affecting users’ daily productive activities [3,5–8], independently of geographical
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location [9]. From the perspective of sustainable development, e-learning initiatives should
promote and improve continuing education, ensure the acquisition of sustainability-related
knowledge and skills, and increase public awareness and understanding of sustainable
development and its implications [3]. However, the ultimate value that users will obtain
from tools like FARMER 4.0, and the achievement of Sustainable Development Goals will
depend on the extent to which the target population effectively uses the technology [10].

Despite the increasing use of information systems (IS) in the agricultural sector [11]
and the awareness of the benefits of ICTs applications in farming activities [12], pre-
vious works have revealed low acceptance and adoption of these technologies among
farmers [13–16]. For this reason, understanding the aspects that move users to accept or
reject these types of technologies is paramount [10].

On the grounds of this situation, the present research objective was to identify the
potential factors behind the adoption of the e-learning tool FARMER 4.0. To this end,
we conducted an empirical validation of the TAM initially proposed by Davis [17] and
assessed the TAM extension developed by Castiblanco Jimenez et al. [18] for the context of
the e-learning tool.

The paper starts with a brief description of FARMER 4.0 and the proposed TAM
extension to assess farmers’ acceptance. (Section 2). Subsequently, Section 3 presents the
stated hypothesis and the instrument used to test them. In Section 4, results obtained after
constructs and model validation are displayed. Finally, in Section 5, we summarize the
practical implications of findings, and in Section 6, conclusions are reported.

2. Research Background
2.1. Context of the Study

The e-learning tool FARMER 4.0-’Farmer teaching and training laboratories’ was
designed to help farmers and agricultural entrepreneurs to develop the technological skills
they need to succeed in the new digital era. Moreover, the learning model built around the
learning system seeks to facilitate the transference of traditional farming skills to protect
and strengthen the competitive advantage while facing non-EU markets.

Conscious of the variety of action fields in the farming activities and aware of the
technologies shaping the sector’s future, the system proposes an initial assessment of the
current knowledge base and then suggests the most convenient learning path (Figure 1).
After the initial mapping of the strengths and weaknesses, the training model gives free
access to a set of training modules jointly developed through face-to-face interactions and e-
learning sessions. The topics covered by the modules include computer-aided technologies,
additive Manufacturing—3D Printing, agricultural entrepreneurship, internationalization
and sustainability, Social Networking for Global Farm 4.0, and online communication tools
and techniques. Experiential learning is also offered throughout virtual environments (3D
models in Virtual Reality laboratories), job shadowing, and inter-generational co-working
laboratories known as Fab Labs.

Figure 1. E-learning model FARMER 4.0.
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Available in five languages, the website (Figure 2) represents a potential facilitator to
harness the opportunities offered by modern digital manufacturing technologies helping
farmers to create new prototypes, tools, and practices that shape the agricultural sector’s
future without sacrificing the local capacities and knowledge but rather reinforcing them.

Figure 2. FARMER 4.0 Moodle.

2.2. The Technology Acceptance Model

The adoption of new products and systems is the pinnacle of a successful design
process. To increase the likelihood of success, in the last few decades, designers and
academics have developed human-centered approaches to better understand what moves
users to accept innovation, especially considering the fast pace of development of ICTs and
their increasing influence in daily activities [19].

The pioneering theories and frameworks in the literature explaining user’s moti-
vations towards technology use based their hypotheses on the field of psychology [19].
The frameworks that have received more attention from the academic community are
the Theory of Reasoned Act (TRA) [20]; the Model of PC Utilization (MPCU) [21], the
Technology Acceptance Model (TAM) [17], the Social Cognitive Theory (SCT) [22], the
Theory of Planned Behavior (TPB) [23], the Innovation Diffusion Theory (IDT) [24], the
Theory of Task-technology fit (TTF) [25], and the Unified Theory of Acceptance and Use of
Technology (UTAUT) [26]. Very often, the above-mentioned models and theories borrow
elements from previous and complementary frameworks to achieve a better prediction of
technology adoption as the Unified Theory of Acceptance and Use of Technology. However,
for the assessment of Information Systems acceptance, the most diffused model is the TAM
and its subsequent versions [11,27].

The Technology Acceptance Model (TAM) was initially proposed by Davis [17] to
explain and predict computer technology adoption. In this model, Davis stated that
for technology to be accepted, the performance of a given activity should be superior
with the use of the technology than without it, and the value-added should be easy to
identify. Furthermore, the second determinant of acceptance was the easiness of use of the
technology; the more effortless the use, the higher the chances of using it daily. Those two
main determinants, namely perceived usefulness (PU) and perceived ease of use (PEOU), are
responsible for the attitude users formed about the convenience of the technology, which
in turn shape their intention to adopt it or not. The strength of the intention will determine
the final acceptance.

In the initial TAM version, highly influenced by the TRA [20], Davis theorized the
existence of a causal relationship between the two main determinants, PU and PEOU,
and the Attitude towards use (ATT). The role of Behavioral Intention (BI) was considered
in a subsequent TAM version thanks to the contributions of the authors of the TPB. BI
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was included to represent humans’ rational behavior of using the available information to
decide whether to do something or refrain themselves. The first modified version of the
TAM is shown in Figure 3.

Figure 3. Technology Acceptance Model.

As TAM research’s body increased, so did the exploration of the social and cognitive
processes responsible for PU and PEOU. Subsequent work by Venkatesh and Davis [28]
complemented the framework by going further on the analysis of Perceived Usefulness.
Their findings suggest that social factors such as social pressure or social norm and image,
as well as result-oriented aspects such as job relevance, output quality, and result demon-
strability could have an incidence in the perception of usefulness, mediated in some cases
for previous experience with similar technologies. This extended model is known as TAM 2.
A third general version, TAM 3, was proposed by Venkatesh and Bala [29]. This version
posits computer self-efficacy, external control, anxiety, playfulness, perceived enjoyment,
and usability, as determinants of PEOU. Moreover, TAM 3 provides theoretical support
indicating the mutual independence of factors influencing Perceived Ease of Use and those
determining Perceived Usefulness. Thanks to the flexibility of the TAM, several different
extensions have been proposed based on the research objectives, context, and the nature of
the technology. The validity of the TAM has been confirmed not only in information sys-
tems applications but also to assess the adoption of wearable technologies [30], health [31],
energy services [32], financial services [33], and e-learning [34], among many others.

The Technology Acceptance Model Extension for FARMER 4.0

Dodero et al. [35] pointed out the complexity of e-learning systems due to the di-
versified nature of projects, the stakeholders, and system features and highlighted the
importance of specific methodological approaches for an accurate design, development,
and assessment. This perspective is very pertinent considering the intricate context of the e-
learning platform FARMER 4.0 and the associated learning by doing training model in a rela-
tively low technological sector like farming. For this reason, Castiblanco Jimenez et al. [18]
conducted a literature review on TAM applications in the three sectors that converge in the
e-learning tool—agriculture, e-learning, and virtual reality—aiming at identifying the exter-
nal variables to include in a TAM extension to assess the adoption of FARMER 4.0. Using
the Quality Function Deployment (QFD) as organizing framework, the authors identified
the research problematics and the most commonly used external variables included to as-
sess technology acceptance. One of the research categories and the one that fits the context
of FARMER 4.0 is ”Technology acceptance when the technology is a platform or system”. Findings
suggest that the most common external variables included in this type of TAM extensions
were anxiety, content quality, experience, facilitating conditions, individual innovativeness,
perceived enjoyment, self-efficacy, and social norm. Table 1 presents the definitions of
these variables. The TAM extension proposed by Castiblanco Jimenez et al. [18] and later
validated in the present study, is shown in Figure 4.
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Figure 4. Technology Acceptance Model extension to validate.

Table 1. Definitions of the external variables included in the TAM extension.

Variable Definition

Anxiety (ANX) Negative and stressful feelings that users might experience when using the technology [29,36].

Content quality (CQ) Pertinence of the information offered by the system concerning user needs [37]; organization, relevance,
and actuality [38]; and comprehensibility of the language used [39].

Experience (EXP) Previous interactions with similar systems and the accumulated knowledge [40–42].

Facilitating conditions (FC) Technical assistance and available resources and infrastructure that facilitate the use of technology [26].

Individual innovativeness (II) Personal inclination towards early adoption of technology [43,44].

Perceived enjoyment (PE) Degree to which the use of the system is entertaining and pleasant independently of any other consequence
derived from the usage [36,45,46].

Self-efficacy (SE) User’s confidence that he/she has the knowledge and skills needed to accomplish a task using the technology
and overcome any potential difficulties [47–49].

Social norm (SN) The extent to which significant others may encourage or deter the use of technology [20,23,28].

3. Method

The validation of the TAM extension in the context of FARMER 4.0 followed a quanti-
tative method. Further details concerning the model to be validated, the associated research
hypothesis, the questionnaire, and the data collection and construct validation processes
are presented in the following subsections.

3.1. Hypothesis

In line with the findings of Castiblanco Jimenez et al. [18], we stated the hypothesis
listed in Table 2. We expected farmers perceptions about the Ease of Use (PEOU) and the
quality of the content (CQ) to have a strong positive influence on the Perceived Usefulness
(PU) of the e-learning tool FARMER 4.0 (H10; H1a). The constructs experience (EXP),
facilitating conditions (FC), individual innovativeness (II), perceived enjoyment (PE), self-
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efficacy (SE), and social norm (SN) were expected to have a medium positive impact on
PU (H2a; H3a; H4a; H5a; H6a; H7a). A low negative influence of Anxiety (ANX) on
PU was also predicted (H8a). Furthermore, the external variables with strong positive
impact on Perceived Ease of Use were expected to be content quality (CQ), experience
(EXP), perceived enjoyment (PE), and self-efficacy (SE) (H1b; H2b; H5b; H6b). PEOU
was also expected to be moderately influenced by facilitating conditions (FC), social norm
(SN), and anxiety (ANX) (H3b; H7b; H8b) and only slightly influenced by individual
innovativeness (II) (H4b). Additional hypothesis were included to test the predictive
power of PU and PEOU on the attitude towards use (ATT) ((H9a; H9b) and to measure
the influence of ATT on the ultimate behavioral intention of farmers to use the FARMER
4.0 e-learning tool (H11). The strength of the relationships will be validated on the basis
of path coefficients according to the criteria established by Cohen [50]. Path coefficients
reporting values below or equal to 0.10 denote a low influence. External variables reporting
path coefficients ranging from 0.1 to 0.30 included will be considered as having a moderate
predictive power. Finally, higher path coefficients entail a strong causal relationship.

Table 2. Research hypothesis.

Hypothesis Definition

H1 (H1a). Content quality will have a positive influence on PU
(H1b). Content quality will have a positive influence on PEOU

H2 (H2a). Experience will have a positive influence on PU
(H2b). Experience will have a positive influence on PEOU

H3 (H3a). Facilitating conditions will have a positive influence on PU
(H3b). Facilitating conditions will have a positive influence on PEOU

H4 (H4a). Individual innovativeness will have a positive influence on PU
(H4b). Individual innovativeness will have a positive influence on PEOU

H5 (H5a). Perceived enjoyment will have a positive influence on PU
(H5b). Perceived enjoyment will have a positive influence on PEOU

H6 (H6a). Self-efficacy will have a positive influence on PU
(H6b). Self-efficacy will have a positive influence on PEOU

H7 (H7a). Social norm will have a positive influence on PU
(H7b). Social norm will have a positive influence on PEOU

H8 (H8a). Anxiety will have a negative influence on PU
(H8b). Anxiety will have a negative influence on PEOU

H9 (H9a). Perceived Usefulness (PU) will have a positive influence on attitude towards using (ATT)
(H9b). Perceived Ease of Use (PEOU) will have a positive influence on attitude towards using (ATT)

H10 Perceived Ease of Use (PEOU) will have a positive influence on PU

H11 Attitude towards using (ATT) will have a positive influence on the Behavioral Intention to Use the
e-learning tool FARMER 4.0

3.2. Description of the Questionnaire

The development of the questionnaire used in the present study followed an initial
screening of the items included in similar TAM validations. After further analysis on their
relevance and pertinence, 36 items were retained and adapted in wording to fit the context
of the FARMER 4.0.

The questionnaire was structured in four sections. In the first section, a general de-
scription of the purpose of the study together with a mini-guide on the system usage was
given. Respondents were also provided with the link to access FARMER 4.0 website and
were asked to explore it. Within the second section, we asked participants for their consent
for personal data processing in line with data protection regulations. The third section in-
cluded demographic questions about age, gender, education level, computer use frequency,
and previous experience in e-learning systems and farming activities. Finally, the fourth
section included 36 items aiming to assess BI (3 items), ATT (3 items), PU (3 items), PEOU
(3 items), ANX (3 items), CQ (3 items), EXP (3 items), FC (3 items), II (3 items), PE (3 items),
SE (3 items), and SN (3 items). Each item was measured using a seven-point Likert Scale,
being 1 = strongly disagree; 2 = moderately disagree; 3 = somewhat disagree; 4 = neutral;
5 = somewhat agree; 6 = moderately agree, and 7 = strongly agree. Items are listed in the
Appendix A.
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The items selected for the present research were applied in previous TAM studies
showing an adequate validity and reliability for the contexts of application. Items initially
in English were translated into Italian. The adequacy of the translation was verified by
Italian researchers. The analyzed variables and the source from which items were adopted
are listed in Table 3.

Table 3. Questionnaire items source.

Variable Items Source

Behavioral Intention (BI) Davis [51], Taylor and Todd [52], Gangwar et al. [53]

Attitude Towards Using (ATU) Davis [51], Fathema et al. [54], Chuah et al. [30].

Perceived Usefulness (PU) Davis [51], Chuah et al. [30], Davis et al. [55].

Perceived Ease of Use (PEOU) Davis [51], Manis and Choi [56], Venkatesh et al. [26], Teo [57].

Anxiety (ANX) Venkatesh et al. [26], Venkatesh and Bala [29], Faqih and Jaradat [58],
Sánchez-Prieto et al. [59].

Content Quality (CQ) Lee and Lehto [60], Cheong and Park [61], Salloum et al. [34].

Experience (EXP) Taylor and Todd [52], Alharbi and Drew [62].

Facilitating Conditions (FC) Davis [51], Fathema et al. [54], Cheung and Vogel [63].

Individual Innovativeness (II) Agarwal and Prasad [43], Natarajan et al. [64].

Perceived Enjoyment (PE) Manis and Choi [56], Salloum et al. [34].

Self-Efficacy (SE) Sánchez-Prieto et al. [59], Lee and Lehto [60], Venkatesh [36],
Lee et al. [65], Compeau and Higgins [48].

Social Norm (SN) Koenig-Lewis et al. [66], Wu and Chen [67].

3.3. Data Collection

Our target was people with experience in farming-related activities. Similarly to
Pappas et al. [68], we gathered an initial sample of 42 people by using convenience snowball
sampling. Considering the restrictions associated with personal encounters in times of
COVID-19, and in line with a vast majority of TAM validations [69], we used an online
survey for data collection.

The designed questionnaire was sent using the Google survey tool. Responses were
collected from mid-January to the end of April 2021. All 42 questionnaires were complete
and valid.

4. Results

Demographic information was summarized using the IBM Statistical Package for
Social Science (SPSS) software, similarly to Makransky and Lilleholt [70]. Results are
depicted in Table 4. A slight majority of respondents were females (23 out of 42). A high
educational level and high frequency of computer use were reported by participants.
Twenty-one percent of respondents have experience in agricultural activities of more than
20 years, whereas the 45% have less than 5 years of experience in farming-related activities.

To further examine the causal relationships between the proposed model’s variables
and the corresponding path coefficients, the Structural Equation Modeling (SEM) approach
was considered the most appropriate. The SEM is a set of techniques that, by combining
factor analysis and multiple regression analysis, allow the study of relationships between
one or more independent variables and one or more dependent variables [71].

The discussion by Bagozzi [72] reported by Chau [73], and more recently by
Al-Gahtani [74], exploring the several advantages of the SEM in similar studies, supports
the use of the SEM techniques for the present research. Some of the reasons that favor
the implementation of SEM over other multiple regression analyses (MRA) include the
possibility to make explicit a research theory by defining it in specific constructs, formu-
late hypotheses about existing relationships between the different constructs, and test the
theory and the designed measurements. The software used to adopt the SEM approach in
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the present work was the Smart PLS version 3. This software is based on least-squares esti-
mation to adopt the SEM (PLS-SEM). The PLS-SEM was preferred as the analysis method
for this study considering the minimal demands on measurement scales, the sample size,
the number of constructs [74,75], and its increasing popularity to analyze path-coefficients
in research models [76].

Table 4. Basic information of the sample.

Characteristic Frequency Percentage

Gender Female 23 55%
Male 19 45%

Age 20–35 years 19 45%
36–50 years 8 19%
More than 50 years 15 36%

Education Level Literate w/o qualification 3 7%
School 5 12%
Graduate 16 38%
Post-Graduate 18 43%

Frequency of computer use High 24 57%
Moderate 9 21%
Low 6 14%
Sparse 3 7%

Experience in similar systems No 13 31%
Yes 29 69%

Experience in agro-activities More than 20 years 9 21%
11–20 years 6 14%
5–10 years 8 19%
Less than 5 years 19 45%

Total of participants 42 100.0%

For a suitable PLS assessment, Aparicio et al. [77] suggested that the sample size
should satisfy at least one of the following conditions: (i) be ten times the largest number
of items or questions used to measure one construct, or (ii) be ten times the largest number
of paths associated with a particular construct. In our case study, the highest number of
questions to measure one construct was three, entailing a minimum sample size of 30 to
satisfy one of these conditions. Therefore, our sample, consisting of 42 respondents, is
acceptable. Furthermore, a weaker rule also suggested by Chin et al. [78] is to multiply
the number of questions or the number of paths by five instead of ten. Using this rule, we
manage to satisfy both conditions as the larger number of paths in our case study is eight,
resulting in a minimum suggested number of 40.

The proposed model’s testing followed a two-step approach as in the work by
Rezaei et al. [79], following the suggestion made by Bamberg [80]. According to this
approach, the first step corresponds to the verification of the quality of the instrument
(questionnaire) used to validate the model (measurement model). The second step evalu-
ates the hypothetical relationships among the constructs (structural model).

4.1. Measurement Model Validation

The quality of the items was assessed in terms of their reliability and validity. Reliabil-
ity refers to the extent to which a test is likely to yield the same results in case of repetition.
On the other hand, the validity reflects the level at which an item effectively measures what
it wants to measure [81].

Construct validity and reliability were evaluated in terms of internal consistency
through Cronbach’s Alpha (CA), the Average Variance Extracted (AVE), and the composite
reliability (CR). Similarly to the study by Rajan and Baral [82], we verified the following
criteria suggested by Hair et al. [83] to ensure the validity and reliability of the measured
constructs in the present study.

• Item loadings should exceed 0.7 [84,85].
• Composite reliability (CR) must be greater than 0.7 [86,87].
• The average variance extracted (AVE) for each factor should be larger than 0.5 [88].
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• Cronbach’s coefficient alpha (CA) should be above 0.7 [89].

The discriminant validity (DV) is also frequently reported in similar TAM validations
as in the work by Cidral et al. [90]. The discriminant validity examines the extent to which
the scale measuring a specific construct is different from the ones of other constructs [88].
Based on the criterion established by Fornell and Larcker [88], a model has acceptable
discriminant validity if the variance that a variable has with its constructs is higher than
the variance shared by the variable with the others.

After running the PLS algorithm, some of the items showed loadings below 0.7,
the minimum suggested to ensure reliability, and therefore were no longer considered.
A second calculation was run after dropping the items EXP2, EXP3, and PEOU3. Results of
the second run are depicted in Table 5.

Table 5. Constructs reliability and validity.

Variable Items Mean Variance STDEV CA AVE CR

ANX 3 2.714 2.785 1.661 0.919 0.860 0.949
ATT 3 5.929 1.015 1.002 0.858 0.780 0.914
BI 3 5.778 1.333 1.141 0.832 0.748 0.899
CQ 3 5.659 1.259 1.121 0.831 0.747 0.899
EXP 1 5.143 2.511 1.584 1.000 1.000 1.000
FC 3 5.595 1.061 1.027 0.777 0.692 0.870
II 3 5.238 2.685 1.635 0.905 0.840 0.940
PE 3 5.595 1.234 1.106 0.863 0.783 0.915
PEOU 2 4.944 2.491 1.570 0.945 0.948 0.973
PU 3 5.754 1.283 1.130 0.858 0.779 0.913
SE 3 5.190 2.273 1.507 0.918 0.859 0.948
SN 3 5.397 1.713 1.307 0.844 0.764 0.907

Mean scores for almost all the variables were higher than the midpoint value of the
scale, 3.5, except for anxiety. This indicates that most of the respondents did not experience
stress of negative feelings when interacting with the e-learning tool. Standard deviation
values ranged from 1.002 to 1.661, showing that values are moderately spread around
the mean.

All the constructs showed satisfactory levels of validity and reliability. Loadings
of all items were higher than 0.7. Composite reliability for all constructs was above the
0.7 threshold, with values from 0.870 to 1.000. AVE scores ranged from 0.692 to 1.000,
exceeding the 0.5 as suggested by the literature. Cronbach’s Alphas were higher than 0.7,
ranging from 0.777 to 1.000. Discriminant validity of the model was also satisfactory as
shown in Table 6. The square root of the AVE of each variable (value in the diagonal) is
higher than the other correlation values. Therefore, the measurement model was validated.

Table 6. Correlation between constructs and the square root of AVEs.

ANX ATT BI CQ EXP FC II PE PEOU PU SE SN

ANX 0.928
ATT −0.307 0.883
BI −0.392 0.824 0.865
CQ −0.170 0.734 0.721 0.864
EXP −0.406 0.422 0.485 0.172 1.000
FC −0.410 0.704 0.695 0.713 0.292 0.832
II −0.571 0.359 0.466 0.266 0.689 0.306 0.916
PE −0.415 0.727 0.772 0.809 0.426 0.637 0.563 0.885
PEOU −0.485 0.464 0.588 0.428 0.776 0.396 0.713 0.646 0.974
PU −0.251 0.734 0.723 0.723 0.364 0.621 0.549 0.834 0.505 0.882
SE −0.544 0.503 0.573 0.519 0.672 0.473 0.837 0.736 0.784 0.687 0.927
SN −0.399 0.735 0.854 0.785 0.462 0.673 0.434 0.828 0.632 0.748 0.616 0.874
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4.2. Structural Model Validation

For the examination of the model fit, the function of Bootstrapping of the Smart PLS
Software was used. This function allows verifying the significance of the relationships
among the different variables. In this case study, the test used 5000 sub-samples with 0.05
of significance level in one-tailed test, similarly to Estriegana et al. [91]. We started by
analyzing the TAM as proposed by Davis et al. [55], and then we moved to the extended
TAM version designed for the context of FARMER 4.0.

To determine the predictive power of the model, the coefficient of determination
was considered. The coefficient of determination (R2) measures the percentage of the
variance of the dependent variable that can be attributed to the independent variable.
Falk and Miller [92] suggested that for a model to have a minimum explanatory power, R2

should be significant (t > 1.64) and greater than 0.10. Values of R2 range from 0 to 1, and
the higher the value, the better. Table 7 shows the R2 values considering only the original
TAM. All values were above 0.10, reflecting an acceptable predictive power.

Table 7. TAM Davis et al. in the context of FARMER 4.0: Structural Model.

Variable R2 Mean STDEV T Stat. p Value Significant

ATT 0.560 0.593 0.091 6.145 0.000 Yes
BI 0.709 0.727 0.057 12.357 0.000 Yes
PU 0.258 0.273 0.101 2.553 0.005 Yes

The TAM, as proposed by Davis [17] (see Figure 5), is able to explain 70.9% of the
variance of farmers behavioral intention (BI) to use the e-learning tool. Furthermore, 56% of
farmers’ attitude towards use (ATT) is explained jointly by Perceived Usefulness (PU) and
Perceived Ease of Use (PEOU). PEOU is apparently responsible for 25.8% of the variance
of PU.

Figure 5. TAM validation.
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Path coefficients are numerically represented on the arrows connecting the different
variables in Figure 5. The strength of path coefficients (SPC) and their significance are
shown in Table 8. Farmers’ attitude towards the e-learning tool influences their intention to
use it (β = 0.627), jointly with their perceptions about the usefulness of the tool (β = 0.265).
In turn, the attitude towards using the e-learning tool (ATT) is strongly affected by PU
(β = 0.675), but the effect of PEOU on the ATT is weak and statistically not significant
(β = 0.128. No sig.). Finally, PEOU has a positive and significant effect on PU (β = 0.508).
This initial analysis suggests that farmers give the utmost importance to the perceived
usefulness of innovations or technologies when considering using them. For the specific
context of the study, the TAM version proposed by Davis et al. [55] does not hold entirely.
However, it is still a valid aid to describe the adoption behavior of the e-learning tool
FARMER 4.0.

Table 8. Original TAM: path significance using percentile bootstrap 95% confidence interval.

Path SPC Mean STDEV T Stat. p Value Significant

ATT→ BI 0.627 0.642 0.109 5.771 0.000 Yes
PEOU→ ATT 0.128 0.124 0.176 0.726 0.234 No
PEOU→ PU 0.508 0.512 0.101 5.023 0.000 Yes
PU→ ATT 0.675 0.680 0.090 7.490 0.000 Yes
PU→ BI 0.265 0.254 0.139 1.908 0.028 Yes

After validating the TAM as proposed by Davis et al. in 1989, we assessed the
proposed TAM extension following the same process. However, the model as proposed in
Figure 4 showed a neutral fit considering the observed data (χ2 = 977.492; NFI = 0.534; the
closer the Normed fit index (NFI) to 1, the better the fit [93]). For this reason, similarly to
Naspetti et al. [94], we implemented the post hoc model-fitting strategy suggested by Byrne
[95] to modify the model and obtain a better fit. Following this model-fitting strategy, every
external variable and the corresponding paths were incorporated to the TAM variables
and then tested. After several iterations and based on other statistical and theoretical
considerations, only the most significant constructs and paths were retained. The final
model, presented in Figure 6, showed a significantly better fit (χ2 = 262.742; NFI = 0.682).
The associated determination coefficients (R2), as well as path coefficients, are presented in
Tables 9 and 10.

Figure 6. Modified TAM extension for Farmer 4.0.
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In this new TAM extension, taking into account the results of the initial TAM validation,
the relationship between PEOU and ATT was removed as it was found to be not significant.
However, PEOU was found to have a moderate influence on farmers BI to use the e-learning
tool (β = 0.274). PEOU is influenced strongly by SE (β = 0.480) and EXP (β = 0.454), which
jointly explain approximately 72.9% of its variance. The main determinant of PU was
found to be CQ (β = 0.632), and both CQ and PEOU (β = 0.238), are responsible for 58.3% of
PU variance. PU is strongly associated with farmers’ attitude towards use (β = 0.742) and
explains 55.1% of ATT variance. In general, the model is able to explain 73.2% of farmers’
intention to use the platform. The strongest determinant of BI is ATT (β = 0.694).

Table 9. New Extended TAM: Structural Model.

Variable R2 Mean STDEV T Stat. p Value Significant

ATT 0.551 0.562 0.070 7.866 0.000 Yes
BI 0.732 0.745 0.045 16.201 0.000 Yes

PEOU 0.729 0.743 0.063 11.605 0.000 Yes
PU 0.583 0.612 0.126 4.640 0.000 Yes

Table 10. New TAM Extension: path significance using percentile bootstrap 95% confidence interval.

H Results Path SPC Mean STDEV T Stat. p Value Significant

H11 Accepted ATT→ BI 0.694 0.697 0.070 9.858 0.000 Yes
H1a Accepted CQ→ PU 0.632 0.644 0.117 5.390 0.000 Yes
H2b Accepted EXP→ PEOU 0.454 0.452 0.128 3.539 0.000 Yes
N/A N/A PEOU→ BI 0.274 0.279 0.069 3.953 0.000 Yes
H10 Accepted PEOU→ PU 0.238 0.237 0.104 2.302 0.011 Yes
H9a Accepted PU→ ATT 0.742 0.748 0.047 15.760 0.000 Yes
H6b Accepted SE→ PEOU 0.480 0.487 0.124 3.882 0.000 Yes

Based on this new TAM extension and considering the criteria established by
Cohen [50], self-efficacy and experience have a strong positive causal relationship with
PEOU (H6b and H2b). CQ has a strong positive impact on PU (H1a). PU showed a strong
effect on ATT (H9a), which in turn has a strong effect on BI (H11). The casual relationship
between PEOU and BI was not included in any of the hypothesis, but it was found to exist
and be moderate.

This adjusted and validated TAM extension allows the identification of critical drivers
of acceptance for FARMER 4.0. Furthermore, the revised model offers a more reliable
perspective when designing e-learning systems in future agricultural applications to foster
users’ acceptance.

5. Discussion

Survey results evidenced that farmers and agricultural entrepreneurs have a positive
attitude towards the e-learning tool (ATT) and manifested the intention to use it (BI).
Among the two main TAM determinants, respondents perceived the tool to be more useful
(PU) than easy to use (PEOU).

The system’s most highly feature rated was the quality of the content (CQ) offered
through the several courses. A positive perception about the available help and guidelines
offered by FARMER 4.0 to facilitate navigation (FC) was also noted. Concerning personal
traits, participants manifested at a moderate level to enjoy using the platform (PE). Most
of the respondents displayed acceptable levels of experience using similar e-learning
platforms (EXP). This was reflected in low levels of anxiety (ANX) and acceptable self-
efficacy (SE) reported by individuals when exploring the tool. As for the social level,
interviewees declared that their closest social sphere would also approve the tool’s use (SN).

The TAM proved to be a very helpful theoretical approach to explain farmers’ intention
to use the FARMER 4.0 e-learning environment. Accordingly, farmers’ perception about
the usefulness of the tool (PU) was found to have a strong and significant impact on
their attitude towards use (ATT), which stands out as the primary determinant of farmers’
intention to use (BI).
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The TAM extension built by Castiblanco Jimenez et al. [18] based on the literature
showed an improvable model fit for the current context of analysis. For this reason, we
identified a new TAM extension that better suits the FARMER 4.0 context. The final model
showed that potential users of FARMER 4.0 will perceive the e-learning tool to be useful
(PU), depending on their perceptions about the quality of the content (CQ) in terms of its
relevance and its alignment with their specific information needs. To a lesser extent, PU
was also influenced by the PEOU. In turn, PEOU was found to be determined by experience
(EXP) and self-efficacy (SE), two variables highly correlated among them. Similar results
were reported by Chang et al. [96] and Calisir et al. [97].

Model validation results also suggest that PEOU is a predictor of behavioral intention
(BI) rather than a determinant of ATT. The absence of significant causal effect of PEOU on
ATT is in line with the results obtained by Tarhini et al. [98] or by Davis [51], who later
re-considered the model by eliminating ATT [99]. However, unlike previous studies, ATT
seems to mediate PU and BI’s relationship, like in work by Vidanapathirana et al. [100].

To sum up, farmers’ intention (BI) to use the e-learning platform FARMER 4.0 will
mainly depend on their ability to interact with the several features (PEOU) and the attitude
(ATT) they have formed about how advantageous the platform is. Important external
variables that shape farmers’ perceptions about the usefulness (PU) and ease of use (PEOU)
of the e-learning tool are self-efficacy (SE), previous experience with similar systems (EXP),
and the quality and pertinence of the information available (CQ). Although relatively
different from the initially proposed TAM extension, the model offers better adequacy,
keeping a reduced number of constructs. Improvement efforts addressing the pinpointed
variables will be more appreciated for users of FARMER 4.0 and similar e-learning systems.

6. Conclusions

The present study corresponds to the validation phase of a project aimed at evaluating
farmers and agricultural entrepreneurs’ intention to use an e-learning platform. This
paper’s general objective was to assess technology acceptance through the validation of an
extended TAM version previously proposed by Castiblanco Jimenez et al. for the specific
context of FARMER 4.0.

After an initial analysis of the TAM proposed by Davis et al., almost all the relation-
ships were validated except for the effect of perceived ease of use (PEOU) on the attitude
(ATT). Findings suggest that the degree to which farmers perceive the system as easy to
use (PEOU) will affect their idea about its usefulness (PU). If they perceive the tool as
useful (PU), they will have a positive attitude towards it (ATT) and therefore will have the
intention to use it (BI).

As a technology acceptance measurement tool, the TAM provides flexibility to explore
several extensions and find the one that better fits the technology context. This aspect of
the model is advantageous considering the increasing complexity and variety of contexts
in which e-learning tools are being applied. Although the initial TAM extension provided a
neutral fit for FARMER 4.0, it offers a handy starting point to assess technology acceptance
in agriculture, e-learning, and similar sectors.

In our case study, further analysis showed that farmers perceived the tool to be useful
(PU) based on the content’s quality (CQ). On the other hand, the perception about ease of
use (PEOU) was influenced by farmers’ experience with similar systems (EXP) and their
confidence in their skills to explore and use the system and overcome any problem they
might face when using the platform (SE). Positive perceptions about the usefulness of the
tool (PU) have a positive effect on farmer’s attitudes (ATT). Subsequently, the attitude
(ATT) stands out as the main driver of intention to use (BI). The ease of use (PEOU) will
also reinforce the intention to use FARMER 4.0 (BI). The design and development of future
e-learning initiatives should give special attention to the identified factors to increase the
likelihood of technology adoption.

Although the sample size of 42 was suitable for the PLS assessment, replicating the
analysis with a larger sample size is advisable to confirm and complement the obtained
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results once all the modules in the five languages are complete. However, infrastructure
and resource-related barriers should be overcome to make the most out of the platform.
Yumashev et al. [101] pointed out the importance of facilitating access to electricity and
internet connectivity in rural areas where target users develop their daily activities. Im-
provements in those directions will increase the incentives to adopt technological tools like
e-learning in the agricultural context.

Finally, it is crucial to consider the ongoing generational shift in farming activities
and how tools like FARMER 4.0 can support it. Sroka et al. [102] found out that high
levels of education among farmers can accelerate generational changes. In this sense,
access to e-learning tools with farming-related content could speed up the transition to
the so-called agriculture 4.0, taking advantage of young people’s propensity to adopt
technological solutions in their daily lives. The increasing interest of young adults in
farming-related activities, as evidenced by 45% of respondents with ages between 20
and 35 years, represents an opportunity to further develop e-learning applications in the
agricultural sector.
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FC Facilitating Conditions
II Individual Innovativeness
PE Perceived Enjoyment
SE Self-efficacy
SN Social Norm

Appendix A. Questionnaire for TAM Validation in the e-Learning Tool Farmer 4.0

The following statements describe the outcomes that people might experience as a
result of exploring the Farmer 4.0 learning environment. For each item indicate whether
you agree or disagree, being 1 = strongly disagree; 2 = moderately disagree; 3 = somewhat
disagree; 4 = neutral; 5 = somewhat agree; 6 = moderately agree, and 7 = strongly agree.

Appendix A.1. Behavioral Intention

The Behavioral Intention refers to your willingness to use the Farmer 4.0 learning
environment.

Assuming that I have access to the learning tool:

1. I intend to use the Farmer 4.0 learning environment within the foreseeable future.
2. I will recommend others to use the Farmer 4.0 learning environment to access farm-

ing related content.
3. Overall, I think that using the Farmer 4.0 learning environment is advantageous.

Appendix A.2. Attitude towards Using

This part of the questionnaire explores your general perspective about using the
website:

1. In my opinion, it is very desirable and worthwhile to use the Farmer 4.0 learning
environment for farming and related purposes.

2. Overall, I have positive feelings towards the Farmer 4.0 learning environment.
3. Overall, I feel that the Farmer 4.0 learning environment is a good and attractive

learning environment.

Appendix A.3. Perceived Usefulness

The following questions ask you about the degree to which you believe that using the
Farmer 4.0 would enhance your performance in farming and agricultural activities:

1. Using the Farmer 4.0 learning environment would provide service and informa-
tion very useful in my farming activities.

2. Using the Farmer 4.0 learning environment would improve my performance in
farming activities.

3. Overall, I find the Farmer 4.0 learning environment useful.

Appendix A.4. Perceived Ease of Use

The following statements describe your beliefs about the effort you need to do in order
to make a good use of the system:

1. I believe using the Farmer 4.0 learning environment would be easy for me.
2. I believe using the Farmer 4.0 learning environment would be clear and understandable.
3. Interacting with the Farmer 4.0 learning environment requires a lot of my mental

effort.

Appendix A.5. Anxiety

This part of the questionnaire asks you about the feelings your might experience when
using the system:

1. The Farmer 4.0 learning environment is somewhat intimidating to me.
2. Using the Farmer 4.0 learning environment makes me feel uncomfortable.
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3. Generally, the use of learning websites stresses me out.

Appendix A.6. Content Quality

The following questions try to identify the degree to which the information provided
by Farmer 4.0 fits your needs:

1. The Farmer 4.0 learning environment provides up-to-date information and content
that is relevant to my needs and interests.

2. I think that the information I will get from the Farmer 4.0 learning environment is
valuable.

3. The Farmer 4.0 learning environment presents the information in an appropriate
format.

Appendix A.7. Experience

Now we want to know how previous interactions with similar systems might influence
your opinions about the ease of use and usefulness of FARMER 4.0:

1. I have the knowledge and experience necessary to use the Farmer 4.0 learning envi-
ronment.

2. I feel that my ability to determine the ease of use of the Farmer 4.0 learning environ-
ment is determined by my past experiences with similar systems.

3. I feel that my ability to determine the usefulness of the Farmer 4.0 learning environ-
ment is determined by my past experiences with similar systems.

Appendix A.8. Facilitating Conditions

The following statements assess the resources and information available to provide
help and guidance when using the platform:

1. The Farmer 4.0 learning environment provides helpful guidance in performing tasks.
2. Guidelines and demonstrations on using the Farmer 4.0 learning environment are

easily accessible.
3. A specific person or group is available for assistance with any difficulties related with

the use of the Farmer 4.0 learning environment.

Appendix A.9. Individual Innovativeness

This part of the survey asks you about how prone you are to try and to adopt new
technologies when they appear:

1. Among my peers, I am usually the first to try out new technologies.
2. I like to experiment with new learning systems.
3. I think I would use a learning system for farming related activities, even if I did not

know anyone who had done it before.

Appendix A.10. Perceived Enjoyment

The following questions ask you about how pleasant and entertaining you find the
e-learning tool:

1. I believe I would find using the Farmer 4.0 learning environment enjoyable.
2. The use of the Farmer 4.0 learning environment arouses my curiosity.
3. My imagination is stimulated by using the Farmer 4.0 learning environment.

Appendix A.11. Self-Efficacy

This part of the questionnaire asks you about your ability to use an unfamiliar software
or system:

1. I feel confident finding the information I need using the Farmer 4.0 learning environment.
2. I know I can use the Farmer 4.0 learning environment even if I have not used a system

like it before.
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3. I am positive that I can overcome any obstacles when using the Farmer 4.0 learning
environment.

Appendix A.12. Social Norm

Finally, we want to know the potential role of your personal relationships in the
adoption of the FARMER 4.0:

1. People who are important to me would probably suggest the use of the Farmer 4.0
learning environment.

2. Other people beliefs about the Farmer 4.0 learning environment encourage me to
use it.

3. I think that most people who are important to me would favor the adoption of the
Farmer 4.0 learning environment in my farming activities.
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