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Acceptance and usage of navigation software
by agricultural contractors - an application of
the technology acceptance model
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Literature about the adoption of navigation systems of agricultural contractors is scarce.
Based on an online survey with 134 German agricultural contractors, a technology accept-
ance model (TAM) was applied to the usage and acceptance of navigation systems. The TAM
was estimated using partial least squares structural equation modeling and was based on the
navigation software Whats3Words. Furthermore, we collected information about agricultural
contractors’ satisfaction with navigation software currently available. Agricultural contractors
are partly satisfied with the navigation software currently available. They wish to receive in-
formation about bridge clearances and weight restrictions via the navigation software. This
article is of interest for agricultural contractors, developers of navigation software as well as
researchers in the field of logistics.
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Agricultural contractors are service providers for farmers. In 2016, 3,400 agricultural contrac-
tors with 18,500 permanent employees and 18,500 temporary employees generated a turnover of
€ 3.5 billion in Germany; € 2.3 billion explicitly for agricultural and forestry purposes. The German
Farmers’ Federation expected that the turnover would increase to € 3.6 billion in 2017 (DBV 2018).
The increasing investment cost for agricultural machinery forces investors to offer services for other
farmers in order to keep the deployment of the machinery rentable. Moreover due to an increase in
farm sizes, distances between the fields as well as farms and fields are increasing too. Likewise the
demands for an efficient agricultural logistical system are increasing (Meperte et al. 2015, BERNHARDT
et al. 2018, Gorz et al. 2011). Most crucial, transportation costs are of one the most important factors
in the agricultural enterprises (Gaksk et al. 2013).

Agricultural logistic differs from general logistic with cars and trucks. Thus, technological inno-
vations of the general transport logistic cannot be applied in agriculture. In the general transport
logistics starting and endpoints are well defined, while harvest machinery is in a steady movement on
the field as well as between different fields. Moreover, vehicles for the agricultural logistic have to be
capable of driving on the field and on the road. Furthermore with respect to heavy agricultural machin-
ery like combine harvesters, weight and height limitations play a central role. The Federal Ministry
of Transport and Digital Infrastructure (BMVI 2018) also emphasizes that conventional navigations
systems do not consider the special features of the rural areas and are therefore not applicable in ag-
ricultural logistics. Nevertheless, common goals in general transport logistics as well as agricultural

received 14 January 2019 | accepted 13 June 2019 | published 16 August 2019

© 2019 by the authors. This is an open access article distributed under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0).



LANDTECHNIK 74(4), 2019 82

logistics are to reduce transaction and transportation costs and to increase profitability and efficiency
of transportation (Lamsar et al. 2016, Hezinger and BernuarpT 2011, Go1z et al. 2014, Gorz et al. 2011).

Existing studies mainly rely on computer models to increase the performance of logistics (e. g.EBa-
piaN et al. 2011, Amiama et al. 2015, SpriNGaEL et al. 2018). Only a few studies have yet paid attention to
the operators of navigation systems. For instance, PErpana (2012) showed that dealers of agricultural
products expect that navigation software solutions increase the profitability in logistics. Yet, no study
has paid attention to which features in navigations systems are explicitly missed and if the operators
are satisfied by the systems currently available. Furthermore, agricultural contractor are seen as im-
portant investors in precision agricultural technologies and users of navigation systems but were less
in focus up until now (Fountas et al. 2005, Kurter et al. 2011, Reicuaror et al. 2009).

The individuals’ attitudes and beliefs about technology also play a central role in decision making
(e.g. AustiN et al. 1998) as the decision about adopting does not only depend on economic reason-
ing. The Technology Acceptance Model (TAM) is the most applied model to study acceptance and
adoption of a technology (Verma and Sinua 2018). The TAM proposed that an individuals’ intention
to use a technology (IU) is influenced by the key latent constructs perceived usefulness (PU) and
perceived ease of use (PEOU), which are measured by directly observable indicators. IU in the TAM
is the well-established predictor of the actual adoption decision (Davis 1989). Nevertheless, the TAM
has not been applied in the field of logistics in general and for the adoption of navigation systems by
agricultural contractors in specific.

The aim of this article is therefore to close this research gap by investigating the acceptance and
use of navigation systems by agricultural contractors after applying a modified TAM for this field of
research. Furthermore, the study aims to evaluate the operators’ satisfaction with current navigation
systems. The article adds to the literature as follows: This is the first article extending the TAM to
navigation systems and focusing thereby on agricultural contractors. In general, this is first article
to extend the application of the TAM to the fields of logistics. Therefore this article is of interest for
agricultural contractors, developers and providers of navigation systems as well as researchers in the
field of logistics. The evaluation of the TAM is based on the Software Whats3Word (W3W) which can
be installed on smartphones and tablets. W3W is available free of charge and is able to navigate pre-
cisely the location of fields and field entrances in rural areas and therefore a suitable representative
of navigation software which takes specific characteristics of rural areas into account. The article is
based on an online survey with 134 agricultural contractors in Germany.

The remainder of the article is structured as follows: the hypotheses for the modified TAM are
derived in the next section. The following section presents the applied material and methods followed
by the discussion of the results. The article closes with concluding remarks.
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Literature and hypotheses generation

Navigation systems can assist contractors in reducing transaction and transport costs. While eco-
nomic reasoning is an important driver of adoption decisions, literature in the field of farmers’ deci-
sion making shows that economics reasoning is not the only factor for innovation adoption (MzoucH1
2011, Vancray and Lawrence 1994). Attitudes and beliefs of a decision maker play also a central role
in the decision process (e.g. Austin et al. 1998). The TAM is based on the Theory of Reasoned Action
(TRA) which proposes that the attitude of an individual plays a central role for their actual behavior
(Fisuein and Ajzen 1975). The TAM, as an extension of the TRA is the most applied model for the
adoption and use of a technology (VErmMa and Sinva 2018; for an overview of studies applying the TAM
see MaranGunt and Grant 2015). The TAM for the intention to use navigations system by agricultural
contractors is displayed in Figure 1 and will be explained in the following.

[ Age PU_Transport ]
H8
H2 H3
H6
[ Firm size PEOU ]——)[ U ]
HS5
H7
H1 H4
H9
[ Education PU_Communication

Figure 1: Structural equation model and presentation of hypotheses

PEOU = Perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost,
PU_Communication = Perceived usefulness to improve communication, IU = Intention to use

In the TAM, the IU technology depends on the key constructs PU and PEOU. PU is defined as the
degree an individual thinks technology is useful for their job performance. The IU is positively in-
fluenced by the PU, since the higher the PU the higher is the IU, ceteris paribus (Davis 1989). AUBERT
et al. (2012) showed the cost reduction is of great importance in agriculture. Likewise, incentives to
reduce cost also occur for transportation in agriculture (Lauer and Zipr 2010) since an effective navi-
gation system can aid reducing cost for fuel (Heizincer et al. 2016). Increasing numbers of customers
and distance to customers decrease local knowledge of agricultural contractors in their job areas.
Navigation systems can offset missing local knowledge and therefore reduce transport costs. Thus, we
assume that PU of reducing transport costs (PU_Transport) has a positive effect on IU for navigation,
ceteris paribus.

Fecke et al. (2018) showed that farmers expect to communicate in the near futures via cloud ser-
vices as well as smartphone and tablet apps with agricultural contractors to transmit location of the
fields. Improved communication can also help to improve production processes (Kumar and ZAHN
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2003). Thus, if the location of interest can be easily transmitted to the navigation system or target
coordinates, it can be easily retrieved with the navigation system and communicated to a third party;
the study assumes that the perceived usefulness to improve communication (PU_Communicatin)
between customers and agricultural contracts has a positive effect on the IU for navigation, ceteris
paribus. PEOU refers to the extent an individual believes using a technology is more or less effortless.
PEOU has a positive effect on IU, since the easier a technology is in use, the higher is the IU, ceteris
paribus. Moreover, PEOU has a positive effect on PU, since the easier a technology is in use; the high-
er is the PU, ceteris paribus (Davis 1989). Consequently, we assume the easier a navigation system is
to use, the higher the PU_Transport and PU_Communication is. The following hypotheses represent
the proposed relationships:
H1: PEOU has a positive effect on PU_Communication
H2: PEOU has a positive effect on PU_Tranport
H3: PU_Transport has a positive effect on IU for navigation
H4: PU_Communication has positive effect on IU for navigation
H5: PEOU has a positive effect on IU for navigation

The TAM can be extended with several exogenous variables which can have an effect on the key
constructs PEOU and PU. One of the main drivers of technology adoption is the age of an individual
(Guapiv and Pannerr 1999). Younger farmers are more accustomed to digital technologies (Rosk et al.
2016). Therefore we assume that also younger agricultural contractors perceive using an innovative
navigation system more effortless than their older colleagues. Education enables an individual to
decode information faster and take better advantage of information (NeLson and PueLps 1966). With
respect to the adoption of computers in agriculture, Amponsan (1995) showed that more educated
farmers perceive handling a computer more easily than farmers with a lower level of education. We
therefore assume that the age and education of an agricultural contractor influence PEOU as also
shown by the following hypotheses:
H6: Age has a negative effect on PEOU
H7: Education has positive effect on PEOU

Daserkow and McBripe (2003) showed that farm size is positively associated with the adoption of
precision agriculture technologies since larger farms are considered to be more innovative and also
can bear high investments costs due to economies of scale (Fountas et al. 2005, Kurter et al. 2011). With
respect to firm size of an agricultural contractor, it can be assumed that with an increase in the number
of customers and employees, the demand for an effective management is increasing too. Furthermore,
a larger number of customers also imply higher distances to the fields. If a customer can easily trans-
mit the location of the field to the agricultural contractor, it is likely that the agricultural contractor will
be able to reduce transportation costs. Consequently, we assume that larger agricultural contractors
are mostly likely to benefit from using a navigation system which can facilitate communication with
the customer and therefore helps to reduce transport and transaction costs. Thus, firm size has a posi-
tive effect on PU_Communiation and PU_Transportation as shown in the hypotheses below:
H8: Firm size has a positive effect on PU_Transport
H9: Firm size has a positive effect on PU_Communication
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Material and methods

An online survey was conducted from June to October 2018 with German agricultural contractors.
The agricultural contractors were contacted via an e-mail distribution list from the Federal Associ-
ation of German Agricultural Contractor (BLU e.V.). After the removing all uncompleted surveys,
134 fully answered surveyed remained for this study.

The survey was divided into three parts. In the first part of the survey, the software W3W was
explained to the participants. In the second part of the survey, the participants were asked to indicate
their approval to 14 random statements. Their approval measured on an equally spaced 5-Point Likert
scale (1 = high disagreement; 5 = high agreement). The statements are shown in Table 1. The wording
was adapted from Davis (1989) as well as VenkatesH and Davis (2000), but was changed to fit this field
of research. In the second part of the survey, agricultural contractors were asked to indicate problems
performing their tasks. Moreover, participants were asked for information about applied navigation
systems and how satisfied they were with their use. In the final stage of the second part, agricultural
contractors were asked which features they miss in navigation systems. The third part contained
questions regarding socio-demographic and firm characteristics.

W3W is a geocoding system for the communication of locations. The world is divided into a grid
of 3 m x 3m. Every square is assigned by one unique 3 word address. The app is available in 26 lan-
guages and can be installed on smartphones and tablets for free. The app can connect for instance
to Google Maps and uses the unique 3 word address to guide an individual to the desired location.
Furthermore, locations can be shared via messenger services (Jianc and Steranakis 2018, Waat3 Worbs
2018). Figure 2 shows the address system of W3W.

///studied.rotate.cohorts

Figure 2: Representation of the address system via the W3W app. The shown field entry has the address
»studied.rotate.cohorts®

The app was chosen as a representative for navigation software that is able to consider characteris-
tics of rural areas since for instance; a field entrance can be precisely located with its 3 word address
as shown in Figure 2. Moreover, locations can be shared very easily with this app. Furthermore, this
app was chosen as it was assumed that not all respondents knew a specific navigation system. By
choosing W3W which is a relatively new app, it was assumed that all of the respondents did not know
this app; only 3% of participants (5 agricultural contractors) in our sample knew the W3W app before
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the survey. Therefore, it was believed that all respondents had the same knowledge answering the
survey after reading the introduction to the software W3W. Furthermore Fecke et al. (2018) as well
as Bonkk et al. (2018) showed that a large share of German farmers use a tablet or smartphone for
business purposes. Moreover, Fecke et al. (2018) provided evidence that farmers expect to communi-
cate more often in the future via apps and cloud services with agricultural contractors. Thus, usage of
W3W can be described as valid for the research purpose. Respondents were informed that the survey
was conducted without any financial affiliations to the software W3W.

Table 1: Presentation of the statements and the associated indicators and constructs

Construct Indicator Statement
U

iul | think | will use a navigation system like W3W in the future.

iu2 | could well image to integrate a navigation system like W3W into my business.
PEOU

peoul Handling a navigation system like W3W seems easy to me.

peou2 | think it would be easy for me to learn how to use a navigation system like W3W.

peou3 A navigation system like W3W would be an easy to use system for the development of
the route plan and communication.

peoud Learning how to use a navigation system like W3W would be no problem for me.

PU_Transport

pu_t1  Usage of a navigation system like W3W could improve designing the route maps for my
business.

pu_t2  Usage of a navigation system like W3W could help to avoid unnecessary ways.

pu_t3  Usage of a navigation system like W3W could help to reduce transportation costs with
improved route plans.

pu_t4 Usage of a navigation system like W3W could help to improve the organization of the
jobs in my business.

PU_Communication

pu_k1 Usage of a navigation system like W3W could help my employees and colleagues to gain
fast local knowledge.

pu_k2 Usage of a navigation system like W3W could help to improve the communication with
my customers.

pu_k3  Using a navigation system like W3W could help to improve the communication with
respect to the site-specific problems in the field like wet zones.

pu_k4  Usage of a navigation system like W3W could help to reduce miscommunication
between customers and employees/colleagues of our business

PEOU = perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost, PU_Communication = Perceived usefulness to
improve communication, [U = Intention to use
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Results

In the following, the results of the survey will be presented. The next section contains the descriptive

results. Evaluation results of the TAM are presented in the last part of the results section.

Descriptive statistics
Table 2 shows the descriptive statistics of the sample. The average respondent is 35 years old. On
average the agricultural contractors have 13 employees, 133 customers and 11 tractors. Most of the
respondents in the sample have a university degree (26%). 94% of the respondents in the sample are
male and 52% of the respondents are the business manager. Lastly, 54% of the respondents in the

sample are also engaged in farming activities besides their duties as an agricultural contractor.

Table 2: Descriptive statistics of the results of the online survey among German contractors (n = 134)

Variable Description Mean gtar}dgrd Min Max
eviation
Age Age in years 35.00 12.49 19 65
Education 1, if the respondent finished an agricultural apprenticeship; 0.16 - 0 1
0 otherwise
1, if the respondent finished an agricultural master apprenticeship; 0.09 - 0 1
0 otherwise
1, if the respondent received a degree from an technical college; 0.12 - 0 1
0 otherwise
1, if the respondent received a university degree; 0 otherwise 0.26 - 1
1, if the respondent finished an agricultural service apprenticeship; 0.04 - 0 1
0 otherwise
1, if the respondent finished an agricultural service master; 0.13 - 0 1
0 otherwise
Other 0.20 - 0 1
Gender 1, if the respondent is male; 0 otherwise 0.94 - 1
Farm 1, if the respondent is engaged in farming besides his duty as an 0.54 - 0 1
Business  agricultural contractor; otherwise 0
Customer  Number of customers 132.92 130.97 1 600
Staff Number of employees 13.34 16.03 0 99
Position 1, if the respondent is the business manager; otherwise 0 0.52 - 0 1
1, if the respondent is an employee; otherwise 0 0.34 - 0 1
1, if the respondent has another position in the business; otherwise 0  0.14 - 0 1
Tractors Number of tractors 10.78 8.99 1 50
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91% of the agricultural contractors are responsible for jobs with respect to the harvest. Moreover,
the most stated jobs are the application of organic fertilizer (78%), sowing (72%) and soil cultivation
(66%). The results are also shown in Figure 3.

Harvest 91 %
Application of organic fertilizer

Sowing

Soil cultivation

Application of mineral fertilizer/ plant protection
products

Municipal services
Forestry services

Other

0% 25% 50 % 75 % 100 %

Figure 3: Important fields of activity based on the online survey of German contractors
(n = 134; note: multiple answers were possible)

Figure 4 shows the current applied navigation systems used by the agricultural contractors. 87%
of the agricultural contractors use a navigation system. Google Maps is used by 74% and Apple Maps
by 19%. Thus, most of the agricultural contractors use software which is free of charge. Moreover,
Figure 5 shows that half of the agricultural contractors in this sample are partly satisfied with their
current applied navigation system. Nevertheless, 40% of the agricultural contractors are satisfied or
very satisfied (11% very satisfied; 29% satisfied).

Google Maps 74 %
Apple Maps
Other

No software
Offline cards
FarmPilot

FieldNav

LaField App

0% 25% 50 % 75 %

Figure 4: Navigation software used based on the online survey of German contractors
(n = 134; note: multiple answers were possible)



LANDTECHNIK 74(4), 2019 89

60 %
51%
40 %
29 %
20% .
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0 % A T T 1
Very satisfied Satisfied Partly satisfied/ Not too satisfied  Not satisfied at all

partly not satisfied

Figure 5: Satisfaction with the navigation software offered based on the online survey of German contractors
(n = 134; 5 points Likert scale, 1 = very satisfied; 5 = very dissatisfied)

Figure 6 provides information about problems which occurred during job performance as an ag-
ricultural contractor. 72% of the agricultural contractors stated that finding the correct field or un-

necessary ways due to missing knowledge is a problem. Moreover, 57% named location of the correct
field access as a problem.

Location of the correct field 72 %

Unnecessary journeys because of missing local

0,
knowledge 2%

~l

Location of the correct field access

57 %

Location of the destination because of poor mobile
internet reception

38 %

Site-specific application without yield maps 13 %

Note [ 7%

Other 2%

T

0% 25% 50 % 75 %

Figure 6: Problems in carrying out activities based on the online survey of German contractors
(n =134, note: multiple answers were possible)

Figure 7 shows the requested function in navigation systems. Agricultural contractors wish to
receive information about bridge clearances and weight restrictions. Moreover, road width should be
accessible in the navigation system.
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Bridge clearances

Weight restictions

Road width

Live transmission of the colleagues
location

Integration of the navigation software in
other management software

Integration of field specific information
None

Other

0% 25% 50 % 75 %

Figure 7: Desired features in navigation software based on the online survey of German contractors
(n = 134; note: multiple answers were possible)

Evaluation of the technology acceptance model

For the estimation of the TAM the variance-based PLS structural equation modelling techniques was
applied. The PLS approach is less restrictive than covariance-based estimation techniques. PLS struc-
tural equation modelling is the simultaneous estimation of an inner and outer model. The outer model
estimates the relationship between indicators and constructs and the inner model the relationship
between the constructs (Hair et al. 2016). All indicators in a TAM and single indicators are estimated
as reflective indicators (VenkaTEsH and Bara 2008). Firm size is estimated as a formative construct
following Scuaak and MussHorr (2018). The formative construct is based on number of employees and
customers. Evaluation of inner and outer model is based on several quality criteria. The path-coeffi-
cients and respective t-statistics were estimated using a bootstrapping approach (Ham et al. 2016).
The model was estimated using SmartPLS 3 (RiNGLE et al. 2015).

The first step contains the estimation of the relationship between indicators and constructs. The
estimation results for the outer model are shown in Table 3 and 4. The applied quality criteria are
the indicator reliability, internal consistency, convergent reliability as well as discriminant validity
via the indicator loadings, Cronbach’s «, Dillon-Goldstein’s p, Dijkstra-Henseler’s p , and the average
variance extracted (AVE). Discriminant validity is established with the Heterotrait-Monotrait (HTMT)
criteria. Cut-off levels for Cronbach’s a, Dillon-Goldstein’s p. and Dijkstra-Henseler’s p, are a value
of 0.7. AVE should be above a value of 0.5 (Ham et al. 2016). All quality criteria are approved by the
model used. Furthermore, HTMT ratios between the constructs should be below 0.85 which also holds
true for the model used (Hair et al. 2016). Therefore, the validity of the outer model is given.
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Table 3: Evaluation results of the external model on the basis of the online survey of German contractors (n = 134)

Construct Indicator Loading Cronbach’s Dillon- Dijkstra- AVE
a Goldstein’s p,. Henseler’s p,
U 0.841 0.926 0.842 0.863
iut 0.930***
iu2 0.928***
PEOU 0.775 0.853 0.782 0.593
peou1l 0.803***
peou2 0.786***
peou3 0.726***
peou4 0.762***
PU_Transport 0.846 0.896 0.854 0.684
pu_t1 0.800***
pu_t2 0.869***
pu_t3 0.821***
pu_t4 0.816***
PU_Communication) 0.800 0.882 0.821 0.713
pu_k2 0.812***
pu_k3 0.836***
pu_k4 0.885***
Firm size?) - - - -

Number of 0.843**
employees

Number of 0.790**
customers

PEOU = Perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost, PU_Communication = Perceived usefulness to
improve communication, IU = Intention to use

Cut-off level for indicator loadings > 0,7; Cronbach’s a > 0,7; Dillon-Goldstein’s p. > 0,7; Dijkstra-Henseler’s p, > 0,7; AVE > 0,5
*(**,***)means p< 0,1 (p<0.05 p<0.01)

) Indicator pu_k1 is removed, because the indicator loading is below 0.7.
2) Formative construct.

Table 4: Discriminant validity of the external model - Results of the HTMT criterion based on the online survey for
German contractors (n = 134)

U PEOU PU_Communication PU_Transport
U
PEOU 0.397
PU_Communication 0.554 0.603
PU_Transport 0.637 0.665 0.762

PEOU = Perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost, PU_Communication = Perceived usefulness to
improve communication, IU = Intention to use
Cut-off level for the HTMT-criterion < 0.9
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In the second step, the quality of the inner model is evaluated (Table 5) and the path coefficients
between the constructs and respective t-statistics are estimated (Table 6) and evaluated. Explained
variance of the endogenous constructs (R%) should exceed a value of 0.1 and the predictive relevance
(Q2) should have a value above 0 (Har et al. 2016). R? for the construct IU has a value of 0.318, which
can be described as satisfying. Therefore, the model explains 32% of the variance in the construct IU.
Furthermore, R2 amounts to 0.330, 0.271 and 0.157 for the constructs PU_Transport, PU Communi-
cation and PEOU, respectively. The predictive relevance for all constructs is above 0 (HaIr et al. 2016).

Table 5: Explained variance (R2) and forecast relevance (Q2) of the model on the basis of the online survey of the
German contractors (n=134)

Construct R2 Q2

U 0.318 0.250
PU_Transport 0.330 0.204
PU_Communication 0.271 0.166
PEOU 0.157 0.089

PEOU = Perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost, PU_Communication = Perceived usefulness to
improve communication, IU = Intention to use
Cut-off level R2> 0.1 and Q2> 0

Table 6: Results of the hypothesis test on the basis of the online survey of German contractors (n=134)

Hg Path coefficient t statistics?) Support H,
PEOU->PU_Communication H1 0.492*** 6.666 Supported
PEOU->PU_Transport H2 0.558*** 7.420 Supported
PU_Transport=>1U H3 0.417*** 4.314 Supported
PU_Communication—=>1U H4 0.193** 2.020 Supported
PEOU~>IU H5 0.006 0.071 Not Supported
Age—>PEOU Hé -0.399*** 4.296 Supported
Education>PEOU?) H7 -0.011 0.125 Not Supported
Firm size>PU_Transport H8 -0.082 0.926 Not Supported
Firm size>PU_Communication H9 -0.118 1.383 Not Supported

PEOU = Perceived ease of use, PU_Transport = Perceived usefulness to reduce transport cost, PU_Communication = Perceived usefulness to
improve communication, IU = Intention to use

*(**, ***) means p< 0.1 (p<0.05 p<0.01)

1) Bootstrapping results (5.000 Sub-Samples).

2) Education was integrated as a dummy (1 = participant has a university degree; otherwise 0).

Bootstrapping was applied with 5,000 subsamples to derive t statistics for the path coefficients.
Hypotheses 1 and 2 address the effect of PEOU on PU_Communication and PU_Transport. The path
coefficient PEOU>PU_Communication is statistically significantly different from zero and has the
expected positive sign. Likewise, the path coefficient PEOU->PU_Transport has the expected sign
and is statistically significant from zero. Hence, we cannot reject Hypothesis 1 and 2. The results
imply that, ceteris paribus, the more easily a navigation system is to use, the higher is the perceived

usefulness to reduce transport cost and improve communication. Developers of navigation system
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should therefore keep the interface of a navigation system as simple as possible. Furthermore, coor-
dinates of target destination should be easy to read and share.

Hypothesis 3 addresses the effect of PU_Transport on the IU. The path coefficient PU_Trans-
port=>1U has the expected positive sign and is statistically significant form zero. Hence, the model
supports Hypothesis 3. The higher the perceived usefulness of the navigation systems to reduce trans-
port costs the higher is the intention to use a navigation system, ceteris paribus. Hypothesis 4 is also
given support by the model used since the path coefficient PU_Communication—>1U is statistically
significant from zero and has the expected positive sign. Hence, if the communication is improved by
using the navigation system the higher is the intention to use a navigation system, ceteris paribus. The
result can be used for marketing activities by providers of navigation systems. Marketing should high-
light for instance the feature to easily share a location with costumers or the agricultural contractor.

The path coefficient PEOU->1U is not statistically significant from zero; therefore no support can
be given to Hypothesis 5. A possible explanation can be found in the choice of W3W as a represent-
ative of a navigation system. Even though, the software was explained in detail it could be possible
that agricultural contractors had difficulties evaluating the perceived ease of use. Furthermore, an
anonymous referee gave the hint that a high perceived ease of use could also not provide an incentive
for an agriculture contractor to use a navigation system. In line with that, it can be concluded that
the perceived usefulness is the most important factor for the adoption of a navigation system. The
results are of interest for other research areas in logistics since the main goal in logistics is to reduce
transport- and transaction costs (Lamsar et al. 2016, Heizinger and BernuarDT 2011, GOtz et al. 2014,
Gorz et al. 2011).

Hypothesis 6, 7, 8 and 9 extend the original TAM with firm and socio-demographic characteristics.
The model used supports Hypothesis 6 since the path coefficient Age>PEOU is statistically signif-
icant from zero has the expected negative sign. Younger adults show more experience with digital
technologies (GerrotT et al. 2013, Rosk et al. 2016), it is therefore assumed that older agricultural con-
tractors may perceive using new software as being difficult. Agricultural contractors should therefore
consider that older employees might need more time to accustom to the new software. Furthermore,
providers should consider offering training courses.

Hypothesis 7, 8 and 9 cannot be given support by this model since all path coefficients are not
statistically significant from zero. Education has no effect on PEOU. Likewise to the explanation of the
missing statistical significant effect of PEOU on IU, education may not help to evaluate the perceived
ease of use of W3W as a representative for navigation systems considering characteristics of the
rural areas. Furthermore, firm size has no effect on the perceived ease to reduce transport cost and
improve communication. Even for smaller firms, applying a navigation system could help to improve
its organization and communication. This is especially important since a lot of the navigation systems
currently in use are free of charge. Smaller firms have relatively lower investment power but may also
rely on navigation systems. Thus, developers should consider offering products with fewer functions
suitable for smaller firms in order to also gain smaller firms as customers.
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Conclusions

Agricultural contractors experienced an economic growth in the last years resulting also in an in-
creasing number of customers and employees. Likewise, the demand for an effective management
with respect to the logistics increased too. Several software programs are available to assist agri-
cultural contractors. Nevertheless, literature about the usage of navigation systems by agricultural
contractors is scarce. This study aims to close this research gap and is based on an online survey con-
ducted in 2018 with 134 agricultural contractors. The results show that agricultural contactors had
problems performing their jobs due to difficulties finding the right field or field access. Furthermore,
missing local knowledge was also stated as a problem. This underlines the demand for navigation
systems considering the characteristics of rural areas by agricultural contractors. The results show
that agricultural contractors are partly satisfied with the existing navigation systems. Moreover, ag-
ricultural contractors wish to retrieve information about bridge clearances, road width and weight
restrictions in the software which should be considered by developers in the further development of
navigation systems.

This study also tests an extended version of the TAM for the usage of navigation systems by ag-
ricultural contractors. The TAM was estimated using PLS structural equation modelling. Most of the
hypotheses of the TAM could be supported by our model. Only the hypothesis that the perceived ease
of use has a positive effect on the intention to use a navigation system could not be given any support.
This result might be explained by the effect that even though all respondents were given a detailed
explanation of the software W3W, they had difficulties evaluating the perceived ease of use of the soft-
ware. These results are therefore of interest for all research areas with respect to logistics since this
is the first study extending the TAM to the adoption of navigation systems since all logistics including
agricultural logistics aim to reduce transport and transaction accost.

The results of the TAM also imply that, ceteris paribus, the higher the perceived usefulness to
reduce transport cost and to improve communication, the higher is the intention to use a navigation
system. The results are of great importance for developers and providers as well as coordinators of
marketing activities. Furthermore, the results imply that the interface of a navigation system should
be kept as easy as possible. The study could also show that the respondents’ age has a negative ef-
fect on perceived ease of use. Agricultural contractor should give older employees enough time to
accustom to the navigation systems. Providers of navigation system should consider offering training
courses. No statistically significant difference was found for the firm size on the intention to use a
navigation system. This showed that also smaller agricultural contractors have also high interest in
navigation systems which should be considered by developers and providers.

A limitation of the study is that the study mainly focused on the aspect of navigation. Existing
software is also capable of several management functions like the coordination of the fleet of ma-
chines. Perceived usefulness of these management functions should also be evaluated in future stud-
ies. Moreover, the willingness to pay for navigation and management systems should be investigated.
The financial value user express for a specific software is of great importance for further development
of the software. This study leaves one point open: the study did not assess the actual behavior with
respect to navigation systems by agricultural contractors in the TAM used which should also be con-
sidered in further studies. Likewise, this could be integrated by using further theories like the Unified
Theory of Acceptance and Use of Technology (UTAUT) (VenkartesH et al. 2003).
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