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Abstract
At the end of the 20th century the adoption of the Continuously Variable Transmission (CVT) was one of the disruptive technological 

advances in agricultural tractors. Several changes in the Human Machine Interface (HMI) of the tractor cab have been introduced to 
accommodate this technology. HMIs are known to raise issues about their ease of use; however, this topic has been under-investigated 
in the agricultural sector. The present study introduces a method to investigate the perceived ease of use of the HMI of agricultural 
tractors equipped with technological innovations. The HMI required to manage a CVT tractor was evaluated by sixteen tractor drivers 
(8 novices and 8 experts). During the first contact with the machine and after having performed two targeted tasks with the tractor, 
participants filled in a questionnaire about the ease of use of the controls and of the touch-screen display, and evaluated the general 
perception of ease of use, safety, quality and solidity of the machine. The trial pointed out some significant differences between novices 
and experts, thus confirming the validity of the proposed method. In particular, novice users showed some difficulties when interacting 
for the first time with the HMI of the CVT tractor working station, whereas experts did not report similar difficulties. Thus, expertise 
seems to play a role in determining the quality of the interaction with the HMI. Training interventions should be designed to help 
novices in increasing their expertise effectively, avoiding effort and errors and improving user’s comfort and system performance.
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Introduction

The massive introduction of technology in agriculture 
led to a revolution in farming, in terms of a huge increase 
in productivity and energy savings (Arnó et al., 2009), 
but also as a reduction of the environmental impact and 
an improvement of working conditions (Amiama-Ares 
et al., 2011). Technological innovation particularly 
concerns machinery, and especially tractors, which 
are the most important and widespread machines in 
agriculture (Iftikhar & Pedersen, 2011).

Since the 80s, much attention has been paid to design 
safer and more comfortable tractor driving stations; at 
the same time, electronics has become more and more 
popular to control many of the systems embedded on the 
vehicle, such as technological features in transmission 
and engine management systems (Cavallo et al., 2015). 
One of the technological advances that have marked 
a discontinuity in the development of tractors is the 
introduction of the Continuously Variable Transmission 
(CVT) (Cavallo et al., 2014a). The CVT, in contrast with 
the traditional mechanical transmission having a fixed 

https://doi.org/10.5424/sjar/2017154-10726
https://doi.org/10.5424/sjar/2017154-10726
http://eugenio.cavallo@cnr.it


Federica Caffaro, Carlo Bisaglia, Maurizio Cutini, Margherita Micheletti Cremasco and Eugenio Cavallo

Spanish Journal of Agricultural Research December 2017 • Volume 15 • Issue 4 • e0210

2

number of gear ratios, can change steplessly through 
an infinite number of effective gear ratios. The CVT 
designed for agricultural tractors are characterised by the 
combination of a traditional (discontinuous) mechanical 
transmission with a hydrostatic (continuously variable) 
transmission. Power-split hydrostatic CVT is operated 
by dedicated electronic control units (ECU) controlling 
and managing the hydraulic and the mechanic 
components of the transmission.

The introduction of CVT has deeply affected the 
layout of the controls in the tractor cabs. According to 
ISO 6682 (1986) standard, controls can be classified in 
primary controls, that are frequently and/or continuously 
used by the operator, and secondary controls, such as 
lights, windscreen wiper, starter, and heating and air-
conditioning system, less frequently used. Figure 1 
shows the different layouts of the controls in a tractor 
with mechanical gearbox and in one with CVT. Hand-
acted levers in mechanical transmissions have been 
replaced in CVT by on/off buttons and potentiometers 
for pre-setting or regulation acting on electro-hydraulic 
actuators, and monitors.

Both primary and secondary controls have therefore 
been re-designed to accommodate and integrate the new 
technologies, with many advancements and changes as 
regards the Human Machine Interface (HMI) of the 
tractor working station (Yadav & Tewari, 1998).

The European Agency for Safety and Health at 
Work (EU-OSHA) defines the HMI as “the part of 
an electronic machine or device which serves for the 
information exchange between the operator/user and 
the machine/device.”(p. 9). According to the same 
definition, HMI consists of three different parts: (1) 
operating elements (to transfer information from the 
operator to the machine, by adjusting knobs, pushing 
buttons, etc.), (2) displays (to show and transfer 

information about the machine to the user), and (3) an 
inner structure (hardware and software) (EU-OSHA, 
2009). The HMI of a technological system brings 
new challenges and risks for workers (EU-OSHA, 
2009); indeed, it provides the operator with a large 
amount of information and functionalities which may 
exceed user’s cognitive resources and therefore it 
might be difficult for the user to retrieve and interpret 
the relevant information. This may lead to operating 
errors, increased mental strain and user frustration, and 
resulting in occupational diseases as stress (Nachreiner 
et al., 2006). As to prevent these issues, a critical 
variable is represented by the perceived ease of use 
- defined as“…the degree to which a person believes 
that using a particular system would be free of effort” 
(Davis, 1989, p. 82)- of the HMI of a computerised 
system (Adams et al., 1992; Davis, 1993; Henderson 
& Divett, 2003). HMIs and their ease of use have been 
investigated as regards Human-Computer Interaction 
in previous researches performed within the field of 
ergonomics (Norman & Draper, 1986; Carroll, 1991). 
The evaluation of the HMI of a system is typically 
performed by means of the direct involvement of the 
users, who are asked to perform some targeted tasks 
with the system and to express their evaluations about 
the quality of the interaction (Karwowski, 2006). 
Nielsen’s studies (1995, 2000) showed that the first three 
users are likely to encounter all of the most significant 
problems related to the tested tasks; Kingman et al. 
(2005) concluded that three to five experts would be 
the optimal. The consultation of experts can be useful 
to provide a more complete list of problems, whereas 
novice users are helpful in identifying the most severe 
issues in an interface (Sauer et al., 2010). Experience 
plays a major role in determining the ease of use of the 
system; novices usually have fewer resources to address 

Figure 1. Controls layout in tractors working stations: completely mechanical gearbox with hand lever to select gears and 
ranges (a), and CVT (b).
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critical issues compared to experts thus reporting 
more difficulties in interacting with the system (Chen 
et al., 2006). According to Spires & Donley (1998) 
the contrast between experts and novices lies in the 
different organization of their conceptual structures. 
Experts have a mental representation (i.e., a hierarchical 
structure) of the concepts in the domain, whereas a 
novice’s structure is more chaotic and disorganized.

Different aspects define the perceived ease of use 
of an HMI: the ease with which the user thinks he/she 
can transfer information to the machine and control it 
(i.e. by operating the commands), the clearness and 
understandability of the information given by the 
system to the user, and the easiness to move between 
the different functionalities of the system (Davis, 
1989, 1993). To collect this subjective and qualitative 
evaluation (Carroll, 1991), different questionnaires and 
scales have been developed for different Information 
Technologies (e.g. Henderson & Divett, 2003; Calisir 
& Calisir, 2004). As regards data analysis, since the 
samples involved in these trials are usually small, data 
gathered by means of the questionnaires are typically 
analyzed through descriptive and non-parametric 
statistics (Howell, 2010).

The ergonomic principles have been introduced 
in the occupational safety and health regulations of 
most of the developed countries, such the OSHA 
standards in the USA and the European Directives in 
European Union countries. In European countries, the 
European Regulation 167/2013 (European Parliament, 
2013), recently enforced for the approval and market 
surveillance of agricultural and forestry vehicle 
including tractors, introduces “ …detailed technical 
requirements…. taking into account ergonomics [….]” 
(art. 18) in the requirements for occupational safety.

Despite these regulations, the perceived ease of use 
of the HMI in highly technological tractors has been 
under-investigated in the ergonomic literature. A few 
studies investigated how the rural population perceives 
technological innovation in agriculture, often reporting 
low levels of technology acceptance and adoption 
(Cavallo et al., 2014a,b). However, these studies were 
interested in gathering information about the general 
attitudes and beliefs of the farming population, without 
considering any specific human-machine interaction. 
Other studies addressed mainly the physical interaction 
between the user and the tractor cab interface, 
evaluating the potential mismatch between people's 
strength capabilities and forces required in operating 
farm tractors (Fathallah et al., 2009). Ferrari & Cavallo 
(2013) investigated the operators’ perception of comfort 
in two tractor cabs. Among the factors contributing 
to the perception of comfort, the authors reported the 
significant role played by the ease of locating controls 

during the first approach with the machine, and the 
ease of operating controls when performing different 
activities. However, the tractors considered in the study 
were not highly technological vehicles. Therefore, there 
is a lack of studies concerning operators’ perceptions of 
the ease of use of this kind of tractor cab interfaces.

Bearing these considerations in mind, the present 
study introduces an ergonomic method to investigate 
the perceived ease of use of the HMI in agricultural 
tractors equipped with technological innovations. 
The technological innovation identified for this study 
was the HMI required to manage a CVT tractor. The 
investigation aimed, specifically, at collecting the 
subjective responses of a group of novice and expert 
users as regards the perceived ease of use of the HMI 
of the tractor cab, in terms of location, interpretation 
and operation of some controls and the accuracy of 
the information given by the displays, during both the 
first interaction with the machine and after performing 
a series of targeted tasks with it. The ultimate goal of 
the present investigation is to identify possible critical 
issues in the interaction between the driver and the 
HMI of the cab of a highly technological tractor, which 
can undermine the benefits related to technological 
development and which should be taken into account 
during the design process or targeted training actions.

Material and methods

In the present study, the ergonomic assessment of the 
HMI followed all the steps recommended by Norman 
& Draper (1986) and Carroll (1991), namely: 1) 
selection of the HMI to be investigated; 2) selection of 
the participants for the trial; 3) definition of the targeted 
tasks; 4) selection/creation of instruments to collect 
users’ evaluations; 5) definition of the procedure of the 
trial; and 6) data analysis.

The tractor and its HMI

The study has been anticipated by a survey to 
investigate the layout of the primary and secondary 
controls on five models of CVT tractors from different 
manufacturers currently available. The clutch, brake 
and throttle pedals, and reverse lever close to the 
steering wheel have the same placing and function as in 
conventional mechanical transmission tractors. As it is 
depicted in Fig. 2 the remaining controls are placed on 
two main areas of the working station: the driver's seat 
armrest and the right side console.

The controls layout reflects the hierarchy suggested 
by usage frequency (ISO 6682, 1986). The armrest 
controls are the most frequently used or those intended 
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Treviglio, north-eastern Italy. Participants were asked 
to perform two tasks: 1) road driving; and 2) harrowing 
operation simulation with manouvring on farm road.

The road driving task consisted in driving the CVT 
tractor at a constant forward speed of 20 km/h on a 500 
m track made of two 150 m stretch lines and two 100 m 
bends. The road driving task allowed the participants 
to become familiar with the vehicle and to achieve a 
baseline knowledge in operating the tractor before the 
more complex following task.

The harrowing simulation task required the operator 
to drive the tractor and to operate the Power Take-Off 
(PTO), the rear 3-point hitch lift, and the auxiliary 
hydraulic couplings controls. The specific sub-tasks 
(see Fig. 3) were to: 1) operate the auxiliary service 
coupling to open the harrow to be ready for working; 
2) operate the rear 3-point hitch lift to lower the harrow 
(without touching the test track); 3) switching the PTO 
on; 4) forwarding the tractor at 10 km/h and following 
a fixed and bounded path; 5) arriving near the bumps 
(simulating stones), operating the rear 3-point hitch 
lift to raise the harrow; 6) slow down till 7 km/h; 7) 
avoid to pass over the bumps; 8) operating the rear 
3-point hitch lift to lower the harrow; 9) increase the 
forwarding speed back at 10 km/h; 10) follow the path 
till the end; 11) stop the tractor; 12) operating the rear 
3-point hitch lift to raise the harrow; 13) switching the 
PTO off; 14) operate the auxiliary service coupling 
to close the harrow as for road transfer; and 15) carry 
out a sharp turn as at the end of the field in a bounded 
space.

The task required to run on 100 m test track set with 
road bumps. Cones on the side of the track were used to 
indicate where the operator had to perform the different 
actions operating the appropriate controls. All the 
participants performed the simulation harrowing task 4 
times, for a total time of about 10 min.

for precision work, requiring the constant attention of 
the operator, such as the hand throttle, the gearbox, the 
rear 3-point hitch lift, and the auxiliary hydraulics. The 
setting and adjustment controls, less frequently used, 
are located on the right side console. Some models 
include displays of different size located on the right 
side console or on the front right pillar of the cab.

The model of CVT tractor involved in the present 
study follows the scheme that introduces controls on 
the seat armrest and on a console on the right side of 
the tractor cab, with a display located on the right side 
console.

Participants

Recruited participants were Italian, from the area of 
Bergamo, in the north-east of the country. Only male 
drivers were selected since the majority of Italian 
agricultural operators (71%) are males (Greco et al., 
2012). Sixteen drivers were involved in the study. Eight 
of them were considered experts, having at least 5 years 
driving experience (cutoff for experts as in Kumar et 
al., 2001) on CVT tractors, even though not specifically 
on the model of tractor adopted for the study. The 
remaining eight participants did not have ever owned 
nor had operated a CVT tractor: they were considered 
novices.

Targeted tasks

The research team defined a number of tasks that 
the users would have to perform with the technological 
system under investigation. The tasks were chosen as 
representative of a fieldwork environment and on the 
basis of their relevance for a typical interaction with 
the tractor cab interface. The investigation was carried 
out using the facilities of the CREA Laboratory of 

Figure 2. Controls’ layout of some CVT tractors currently available in Italy.
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The instrument to collect users’ evaluations

The perceived ease of use of the HMI of the 
tractor cab was assessed using a paper-and-pencil 
questionnaire developed based on the aspects defining 
the ease of use of a technological interface (Davis, 
1989, 1993), and the critical elements in tractors cab 
layout emerged in previous studies (Ferrari & Cavallo, 
2013; Cavallo et al., 2014b). The questionnaire has 
been pilot-tested before being used in the present 
study. In more detail, the questionnaire was organized 
as follows:

1) The first part gathered socio-demographic 
data about the participants, their experience with 
agricultural machinery and their familiarity with 
technology in everyday life (use of computer and 
smartphone, based on Loera & Parisi, 2009) and on 
tractors (Common Area Network bus (CAN bus), 
GPS, Power-boost, Virtual Terminal, based on Cavallo 
et al., 2014a, b). 

2) In the second part of the questionnaire the 
participants were asked to evaluate the ease of use 
of the HMI during the first contact with the cab (pre-
tasks assessment), in terms of ease of recognizing and 
locating the different controls (e.g. PTO, Hydraulic 
system, Lighting), using a six-point Likert scale 
(1932) without a central anchor (1 refers to “I do not 
agree at all”, 6 refers to  “I strongly agree”). 

3) In the third part of the questionnaire the 
participants were asked to evaluate the ease of use of the 
HMI of the cab after having performed the tasks (post-
tasks assessment), in terms of the ease of operating 
the control devices, understandability of the levers/
knobs and buttons, and clearness of warning lights 
and accuracy of the information given by the displays, 
using a six-point Likert scale without a central anchor 
(1 refers to “I do not agree at all”, 6 refers to “I strongly 
agree”). At the end of this section, the participants were 
also asked to give a general evaluation of the ease of 

use of the tractor, together with its safety, quality, and 
solidity (as in Ferrari & Cavallo, 2013), on the six-point 
Likert scale.

For both the second and the third part of the 
questionnaire, besides the rating scales, the questionnaire 
contained also some open-ended questions aimed at 
pointing out any difficulty found in approaching the 
cab and in accomplishing the tasks, and at soliciting 
additional feedback on the arrangement and operation 
of the control devices in the cab.

Trial procedure

The participants in the study were invited to the 
CREA Laboratory facilities in Treviglio, near Bergamo, 
northeastern Italy. After they were explained the aims 
of the study, the operation they were asked to perform 
and the safety rules to adopt, they signed an informed 
consent and filled in the first part of the questionnaire. In 
any part of the tests the participants were followed and 
instructed by a research assistant. 

The participants were asked to access the cabin of the 
tractor and sit. Here, before receiving any information 
about the function of the controls and operation of 
the tractor, they were interviewed about the ease of 
locating the different controls (second section of the 
questionnaire, pre-tasks assessment). After that, the 
operators were trained by the research assistant about 
how to perform the two targeted tasks and, then, drove 
the tractor on the testing area. The third section of the 
questionnaire (post-tasks assessment) was administered 
after the driving and harrowing simulation tasks have 
been completed. 

Data analysis

Data collected during the trial underwent a Shapiro-
Wilk test and resulted in a not normally distributed 
sample. Therefore, the median values (Mdn) for all the 
considered variables were compared between experts 
and novices using a series of non-parametric Mann-
Whitney U tests. Statistical Package for Social Science 
v. 22 was used for statistical analysis. 

Answers given by participants to the open-ended 
questions underwent a content analysis (Weber, 1990); 
the content of the answers was categorised by two 
independent judges to identify the more recurrent 
themes for each of the investigated topics.

Results

In this section, results from the first section of the 
questionnaire (characteristics of the participants) 

Figure 3. Trial layout for the harrowing simulation task.
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are presented first. Then, for the pre- and post- tasks 
assessment, the results from the rating scales and the 
open-ended questions are presented together for each 
aspect considered in the questionnaire, as it is usually 
done in the ergonomic assessment of an HMI (Carroll, 
1991).

Characteristics of the participants

The experts had a mean age of 35.25 years 
(SD=11.65) and a mean driving experience of 20 years 
(SD=10.35). The novices had a mean age of 38.75 
years (SD=13.91) and a mean driving experience of 
26.13 years (SD=13.92). Preliminary analyses showed 
no differences between the experts and the novices 
as concerns age (t(14)=-0.546, p=0.594) and years of 
driving experience (t(14)=-0.999, p=0.335). The same 
held true as concerns the familiarity with technology 
in everyday life and on tractors (Chi square tests, all 
p>0.05).

Pre- tasks assessment 

Ease of recognizing and locating controls
With regard to the perceived ease of locating controls 

during the first contact with the machine, descriptive 
statistics and comparison between experts and novices 
are reported in Table 1. 

The Mann-Whitney U tests showed that locating 
the PTO control (U=13.50, p=0.047), and the lighting 
control (U=13.00, p=0.041) was significantly more 
difficult for novices compared to experts. Open-ended 
questions revealed that these difficulties were mainly 
due to the fact that, according to the novices, these 
controls were placed in an unexpected area of the 
working station and, thus, more time was requested to 
make them out.

Post- tasks assessment

Ease of operating controls
With regard to the tasks performed, all the participants 

managed to accomplish the tasks, even though the open-
ended question of the questionnaire revealed that three 
novices reported some difficulties in operating the PTO 
and the 3-point hitch lift controls when operating with 
the harrow because there were too many functions and 
similar buttons among which to discriminate, instead of 
levers, each serving a different aim, commonly adopted 
in conventional mechanical transmission tractors. Table 
2 shows the descriptive statistics and the results of the 
analyses comparing experts and novices about the 
perceived ease of operating the different controls. As it 
can be seen, novices found significantly more difficult 

to operate the 3-point hitch lift (U=1.00, p=0.001), the 
hydraulic system (U=8.50, p=0.014), the transmission 
(U=12.50, p=0.023), and the driving (U=10.00, 
p=0.011) controls.

Understandability of levers/knobs and buttons
As far as levers/knobs and buttons are concerned, 

results regarding participants’ ratings about their ease 
of use are shown in Table 3. The data discloses that, 
in general, novices expressed lower ratings, especially 
with regard to the ease of understanding what action 
each button controls and how to operate it.

The Mann-Whitney U tests pointed out:
• A significant difference between experts and 

novices as regards the ratings of the placement of the 
levers/knobs (U=11.00, p=0.023), with novices finding 
levers/knobs to be in a quite odd place compared to 
what they expected, more than experts.

• No significant differences between novices and 
experts about either the placement of buttons-such as 
the ones for pre-setting or regulation placed on the 
joysticks-, or the ease to understand what they represent, 
or how to operate them, or the comprehensibility 

Table 1. Medians, ranges (in brackets) and Mann-Whitney 
tests results (U and p-values) for the ratings of ease in 
locating controls. 

Controls Experts Novices U p-value
Ignition 6.00 (4-6) 6.00 (2-6) 32.00 0.626
3-point hitch lift 6.00 (2-6) 5.50 (4-6) 22.00 0.200
Hydraulic system 6.00 (2-6) 4.00 (1-6) 17.00 0.094
PTO 5.50 (2-6) 3.50 (1-6) 13.50 0.047*
Lighting 6.00 (1-6) 2.50 (1-5) 13.00 0.041*
Transmission 5.00 (1-6) 5.00 (2-6) 30.50 0.868
Reverser 6.00 (5-6) 6.00 (5-6) 32.00 0.264
Driving 6.00 (3-6) 5.00 (5-6) 29.00 0.729

*significant at the 0.05 level (two-tailed)

Table 2. Medians, ranges (in brackets) and Mann 
-Whitney tests results (U and p-values) for the ratings 
of ease of operating controls. 

Controls Experts Novices U p-value
Ignition 6.00 (3-6) 5.00 (3-6) 25.50 0.471
3-point hitch lift 6.00 (5-6) 3.00 (1-5) 1.00 0.001**
Hydraulic system 6.00 (3-6) 4.00 (1-6) 8.50 0.014*
PTO 6.00 (5-6) 5.00 (2-6) 12.00 0.082
Lighting 6.00 (4-6) 5.00 (2-6) 14.00 0.172
Transmission 6.00 (4-6) 4.50 (3-6) 12.50 0.023*
Reverser 6.00 (3-6) 6.00 (4-6) 25.50 0.369
Driving 6.00 (5-6) 5.00 (4-6) 10.00 0.011*

*significant at the 0.05 level (two-tailed), ** significant at the 
0.01 level (two-tailed)
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of their colors. However, the comparison about the 
understanding of what the buttons represented was 
slightly above the level of significance (p=0.054), with 
the understanding being easier for experts than for 
novices (experts: Median=6, novices: Median=3).

The content analysis of the open-ended questions 
revealed some critical aspects regarding the size of the 
buttons and their icons, since they were considered by 
all the participants to be too small to be immediately 
visible and recognisable. Furthermore, the icons 
referring to these controls were also considered unclear.

Clearness of warning lights and displays 
With regard to warning lights (Table 4), the Mann-

Whitney tests showed a significant difference between 
novices and experts in understanding what warning 
lights referred to (U=10.00, p=0.030), with more 
difficulties for the novices.

As regards displays (see Table 5), the Mann-Whitney 
U tests showed that:

• The layout of the information on the screen was 
reported as significantly better (U=9.50, p=0.026) for 
experts than novices.

• The priority given to essential information shown 
on the display was reported as significantly higher 
(U=5.00, p=0.003) for experts than novices. 

Interestingly, the analysis of the open-ended 
questions pointed out that not only many novices 
but also one expert reported that there was too much 
information to be monitored on the screen, as a critical 
aspect.

Global evaluation of the tractor 
Finally, with regard to the overall assessment of the 

vehicle, as it can be seen in Table 6, the tractor received 
lower ratings by the novices compared to experts for all 
the four aspects considered, and in particular for safety 
and durability. The Mann-Whitney tests showed that 
the differences between the ratings of the experts and 
those of the novices were statistically significant for all 
the four aspects.

Content analysis confirmed that the high level of 
technological development of the vehicle was perceived 
by most the participants as useful in reducing physical 
efforts and saving time in performing fieldwork. 
However, the tractor was not considered particularly 
safe nor solid, by the novices. A main issue was the 
poor sense of control on the activity and the vehicle 
when dealing with such a highly technological tractor, 
because too many tasks were delegated to the machine 
itself. Moreover, if a maintenance problem raises on 
the tractor, novice participants reported being worried 
about the fact that they would have not known exactly 
how to intervene on the vehicle.

Discussion

The present study reported the method developed to 
apply the ergonomic principles of users involvement 
to the investigation of the ease of use of the HMI of 
a tractor equipped with technological innovations 
(Continuously Variable Transmission, CVT). A group 

Table 3. Medians, ranges (in brackets) and Mann-Whitney tests results (U and p-values) for the 
ratings of ease of use of levers/knobs and buttons. 

Issue Experts Novices U p-value
Levers/knobs Placed as expected 6 (3-6) 4 (1-5) 11.00 0.023*

Easy to understand what they represent 5.50 (2-6) 4 (1-5) 17.00 0.105
Easy to understand how to operate 6 (1-6) 4 (1-5) 20.50 0.215
Colors help in understanding the function 5.50 (1-6) 5 (2-5) 22.50 0.301

Buttons Placed as expected 6 (3-6) 5 (3-6) 19.50 0.295
Easy to understand what they represent 6 (2-6) 3 (2-5) 12.00 0.054
Easy to understand how to operate 6 (2-6) 3.50 (1-6) 14.50 0.199
Colors help in understanding the function 6 (3-6) 4 (2-6) 13.00 0.070

*significant at the 0.05 level (two-tailed)

Table 4. Medians, ranges (in brackets) and Mann-Whitney tests results (U and 
p-values) for the ratings of ease of understanding of warning lights.

Issue Experts Novices U p-value
Clearly visible 6 (4-6) 5 (3-6) 13.50 0.067
Easily understood what they represent 6 (4-6) 5 (3-5) 10.00 0.030*

*significant at the 0.05 level (two-tailed)
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of novices and a group of experts were involved in the 
assessment. The investigation highlighted significant 
differences between the two groups of users, confirming 
the suitability of the method, and allows to draw some 
important considerations on the topic. In particular, 
the study showed that novice users experienced some 
difficulties when interacting for the first time with the 
HMI of the cab of the CVT tractor, consistently with 
previous studies performed in the field of human-
computer interaction (Chen et al., 2006). Data about 
familiarity with technology in everyday life and on 
tractors showed that novices and experts of the present 
study shared a similar technological background; thus, 
the present results seem not to be related to some kind 
of ‘digital-divide’ (van Dijk & Hacker, 2003) between 
the two groups of participants but to the interaction with 
the specific HMI characterising the CVT technology. 

Some critical issues emerged since the first contact 
with the machine, with some difficulties reported by the 
novices in locating the PTO and lighting controls. The 
difficult regarding the PTO may be carefully considered, 
since most of the tractor operations are powered by 
the PTO and its misuse may lead to serious risks for 
operators’ safety (PennState Extension, 2016). In the 
investigated tractor, the PTO speed setting control was 
isolated from the PTO engaging/disengaging control: 
this can arise some considerations about the need of 
alternative design solutions and training interventions 
to make this control more outstanding, self-explanatory 
and immediately noticeable.

As regards the ease of operating controls, the 
transmission control was, together with the 3-point 
hitch lift and the hydraulic system controls, one of 

the devices found to be more difficult to operate for 
the novices. The difficulties in operating transmission 
controls could be easily interpreted by considering that 
the transmission of the CVT tractor is very different 
from that of a traditional mechanical one: it requires to 
choose between a manual or an automatic management 
system of the driveline; it gives also the possibility to 1) 
set the maximum speed, 2) use a constant speed (cruise 
control), 3) work at constant PTO speed, 4) work in 
“Eco” or “power” mode, and 5) select the sensitivity 
of the throttle pedal. Because of this, the same control 
could assume different functions.

In relation to the 3-point hitch lift, novices resulted 
accustomed to use hand levers and, as they weren’t 
familiar with the practice of pre-setting the 3-point 
hitch lift, they found some difficulties in operating 
controls, such as small wheels and potentiometers. 
Similar considerations may be done about the ease of 
operating the hydraulic auxiliaries, requiring hydraulic 
valves to be set before the use. Moreover the same 
parameter could be set both on the display and on the 
dashboard at the right side of the operator’s seat. This 
double source of information could have required a 
more complex cognitive processing (Wickens, 2008), 
hindering operators’ actions. 

Some critical aspects were reported by the novices 
also with regard to the buttons. They were considered to 
be placed in quite an unexpected position, and having 
unclear icons to explain their function. These results 
may be interpreted by considering that the buttons in 
the CVT tractor used in the study were all placed very 
near to each other on the dashboard on the right side of 
the operator’s seat, with nothing apart from the color to 

Table 5. Medians, ranges (in brackets) and Mann-Whitney tests results (U and 
p-values) for the ratings of ease of use of the displays.

Issue Experts Novices U p-value
Information was easily visible 6 (4-6) 4 (3-6) 14.50 0.095
Information was complete 6 (1-6) 5 (3-6) 16.50 0.146
Information was well-organised 6 (4-6) 4 (2-5) 9.50 0.026*
Essential information was prioritised 6 (5-6) 4 (4-6) 5.00 0.003**

*significant at the 0.05 level (two-tailed), ** significant at the 0.01 level (two-tailed)

Table 6. Medians, ranges (in brackets) and Mann-Whitney tests results (U 
and p-values) for the subjective ratings about overall assessment of the ve-
hicle.

Issue Experts Novices U p-value
Ease of use 6 (5-6) 5 (4-6) 7.00 0.004**
Safety 6 (5-6) 4.5 (3-6) 6.00 0.003**
Quality 6 (5-6) 5 (3-6) 6.50 0.004**
Durability 6 (4-6) 4.5 (3-5) 9.00 0.011*

*significant at the 0.05 level (two-tailed), ** significant at the 0.01 level (two-tailed)
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distinguish between them. As mentioned previously in 
this paragraph, for instance, the button for setting the 
PTO speed was close to the controls of other functions, 
but aside from the button for the PTO engagement/
disengagement. Also in this case, the procedure of a 
preliminary setting of the PTO speed before switching 
it on was not immediate for the novices.

The described difficulties in interpreting icons and 
signals on or near the controls is in line with some 
previous studies reporting low comprehension scores 
of safety pictograms affixed to agricultural machinery 
(Caffaro & Cavallo, 2015; Caffaro et al., 2017a). 
This outcome should be examined more in depth 
since icons, signals and pictograms are supposed to 
be self-explanatory and able to quickly communicate 
concepts and instructions, compared to a written 
language (Edworthy & Adams, 1996). A critical aspect 
emerged also as regards the physical interaction with 
buttons, specifically, participants reported that buttons 
and icons or signals were not immediately seen due to 
their reduced size. These comments should be further 
investigated, especially with regard to particular groups 
of users like the elderly, whose rate is increasing in the 
agricultural population (Ilmarinen, 2006) and who are 
characterised by physical and cognitive impairments 
which may make it difficult to interact effectively with 
small devices. 

Overall, it should be highlighted that the participants 
declared that highly technological machinery could help 
them in performing farm activities by reducing efforts 
and saving time. They matched the ‘innovative-owner’ 
profile defined by Cavallo et al. (2015) as regards the 
adoption of technological innovations, however they 
seemed neither to completely and correctly manage this 
technology, nor to take full advantage of all its benefits. 
This result may find an explanation in the construct of 
mental model, described by Norman (1988) as a user’s 
internal representation of how he/she believes a system 
works, developed by interacting with the system. A 
mental model is a knowledge about the system, which 
allows the user to anticipate the behaviour of the system 
and to explain the system responses. When a system is 
developed in a way which does not fit the users’ mental 
model, ease of use and learnability become at stake, 
errors increase and performance decreases (Norman, 
1988). This might be the case of the novice users of 
this study: their mental models about how an HMI 
of a typical tractor should work, contrasted with the 
mental model of the designers of the HMI investigated 
in the study, making the system less intuitive and more 
difficult to use. To improve the quality of the HMIs 
and the human-machine interaction, it is therefore 
fundamental to consider the operators and their 
needs (Nachreiner et al., 2006) in the design process 

of technological systems, adopting an ergonomic 
approach which takes account of both physical (such as 
perceptual processes) and psychological aspects (such 
as cognitive processes), to reinforce human factor 
potentials and reduce limitations (Nam et al., 2009).

It should be also considered that operators of 
agricultural tractors often find out the different 
functions of the controls in the tractor cab by a 
‘trials and errors’ procedure (DeRoo & Rautiainen, 
2000): focused training sessions adopting behavioral 
modeling techniques -as hands-on demonstrations 
and behavioral simulations (Burke et al., 2006)- could 
be provided when buying a new machine, with some 
periodical refreshes in case of new technological 
releases. Particular attention should be also paid to 
how these training activities are organised, since 
perceived benefits are important incentives for the 
use of technology (Davis, 1989; Venkatesh et al., 
2003): farmers should know how they can use new 
technologies equipping their tractors, in order to reduce 
the physical workload, increase economic benefits, and 
save time.

Some limitations of the present study should be 
taken into account. One aspect to be considered is that 
data about ease of use was exclusively self-reported. 
Further objective indicators of performance, such as the 
number of trials and errors, time spent to accomplish 
different tasks, and observations of human behavior 
when interacting with the system, have to be collected, 
in accordance with ISO 9241-11 (1998) standard. 
Finally, data was collected on one model of CVT tractor 
only. In depth investigations should be addressed to 
study the specific design of HMIs adopted by different 
manufacturers. 

Technological innovation in agriculture should 
result in better working conditions. However, it can 
sometimes results in control systems that are more 
complicated to operate than mechanical ones, due to 
the great amount of information available for the users 
at the same time. An ergonomic method to assess the 
interaction between the HMI of a CVT tractor and 
novice/expert drivers was developed. The trials pointed 
out some significant differences between novices and 
experts, raising some considerations about the fact 
that the HMI may not be sufficiently self-explanatory, 
making the provision of proper information and 
training by manufacturers, and the involvement of 
workers in the development and evaluation of HMIs, 
an essential element for an effective improvement of 
the system.

The present method can be adopted for further 
investigating the aspects considered in this paper, 
i.e. with other tractor’s layouts, or among the elderly, 
which represent a significant part of the agricultural 
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population (Ilmarinen, 2006). Older users are known 
to have more troubles operating technological 
systems (Lavie & Meier, 2010) and they are often 
characterised by the so called ‘digital divide’ from 
the rest of the population (van Dijk & Hacker, 2003). 
Agricultural elderly population in particular is mainly 
used to mechanically controlled machines, thus they 
may represent a good sample on which to investigate 
the possible discrepancies between a consolidated 
mental model of a tractor cab HMI and the new HMI 
of hyper-technological machines, and their effects on 
ease of use and safety at work (Caffaro et al., 2017b).

References

Adams DA, Ryan-Nelson R, Todd PA, 1992. Perceived 
usefulness, ease of use, and usage of information 
technology: A replication. MIS Quart 16 (2): 227-247. 
https://doi.org/10.2307/249577

Amiama-Ares C, Bueno-Lema J, Alvarez-Lopez CJ, Riveiro-
Valiño JA, 2011. Manual GPS guidance system for 
agricultural vehicles. Span J Agric Res 9 (3): 702-712. 
https://doi.org/10.5424/sjar/20110903-353-10

Arnó J, Martinez Casasnovas JA, Ribes Dasi M, Rosell Polo 
JR, 2009. Review: Precision viticulture. Research topics, 
challenges and opportunities in site-specific vineyard 
management. Span J Agric Res 7 (4): 779-790. https://doi.
org/10.5424/sjar/2009074-1092

Burke MJ, Sarpy SA, Smith-Crowe K, Chan-Serafin S, 
Salvador RO, Islam G, 2006. Relative effectiveness 
of worker safety and health training methods. Am J 
Public Health 96 (2): 315-324. https://doi.org/10.2105/
AJPH.2004.059840

Caffaro F, Cavallo E, 2015. Comprehension of safety 
pictograms affixed to agricultural machinery: a survey of 
users. J Safety Res 55: 151-158. https://doi.org/10.1016/j.
jsr.2015.08.008

Caffaro F, Mirisola A, Cavallo E, 2017a. Safety signs 
on agricultural machinery: Pictorials do not always 
successfully convey their messages to target users. 
Appl Ergon 58: 156-166. https://doi.org/10.1016/j.
apergo.2016.06.003

Caffaro F, Lundqvist P, Micheletti Cremasco M, 
Nilsson K, Pinzke S, Cavallo E, 2017b. Machinery-
related perceived risks and safety attitudes in senior 
Swedish farmers. J Agromedicine. Online first. doi: 
10.1080/1059924X.2017.1384420 https://doi.org/10.108
0/1059924X.2017.1384420

Calisir F, Calisir F, 2004. The relation of interface usability 
characteristics, perceived usefulness, and perceived ease 
of use to end-user satisfaction with enterprise resource 
planning (ERP) systems. Comput Human Behav 20 (4): 
505-515. https://doi.org/10.1016/j.chb.2003.10.004

Carroll JM (ed.), 1991. Designing interaction: Psychology 
at the human-computer interface (Vol. 4). Cambridge 
University Press Archive, Cambridge, UK. 319 pp.

Cavallo E, Ferrari E, Bollani L, Coccia M, 2014a. 
Strategic management implications for the adoption of 
technological innovations in agricultural tractor: the role 
of scale factors and environmental attitude. Technol Anal 
Strateg 26 (7): 765-779. https://doi.org/10.1080/0953732
5.2014.890706

Cavallo E, Ferrari E, Bollani L, Coccia M, 2014b. Attitudes 
and behavior of adopters of technological innovations in 
agricultural tractors: a case study in Italian agricultural 
system. Agr Syst 130: 44-54. https://doi.org/10.1016/j.
agsy.2014.05.012

Cavallo E, Ferrari E, Coccia M, 2015. Likely technological 
trajectories in agricultural tractors by analysing innovative 
attitudes of farmers. Int J Tech Pol Manag 15 (2): 158-177. 
https://doi.org/10.1504/IJTPM.2015.069203

Chen SY, Fan JP, Macredie RD, 2006. Navigation in 
hypermedia learning systems: experts vs. novices. Comput 
Human Behav 22 (2): 251-266. https://doi.org/10.1016/j.
chb.2004.06.004

Davis FD, 1989. Perceived usefulness, perceived ease of use, 
and user acceptance of information technology. MIS Quart 
13 (3): 319-340. https://doi.org/10.2307/249008

Davis FD, 1993. User acceptance of information technology: 
system characteristics, user perceptions and behavioral 
impacts. Int J Man-Mach Stud 38 (3): 475-487. https://doi.
org/10.1006/imms.1993.1022

DeRoo LA, Rautiainen RH, 2000. A systematic review of 
farm safety interventions. Am J Prev Med 18 (4): 51-62. 
https://doi.org/10.1016/S0749-3797(00)00141-0

Edworthy J, Adams AS, 1996. Warnings: a research 
prospective. Taylor & Francis, London. 229 pp.

EU-OSHA, 2009. The human machine interface as an 
emerging risk. European Agency for Safety and Health 
at Work. Office for Official Publications of the European 
Union, Luxembourg.

European Parliament, 2013. Regulation (EU) No 167/2013 
of the European Parliament and of the Council of 5 
February 2013 on the approval and market surveillance of 
agricultural and forestry vehicles. http://eur-lex.europa.eu/ 
(Accessed April 2016

Fathallah FA, Chang JH, Pickett W, Marlenga B, 2009. 
Ability of youth operators to reach farm tractor 
controls. Ergonomics 52 (6): 685-694. https://doi.
org/10.1080/00140130802524641

Ferrari E, Cavallo E, 2013. Operators' perception of comfort 
in two tractor cabs. J Agric Saf Health 19 (1): 3-18. https://
doi.org/10.13031/2013.42539

Greco M, Magliocchi MG, Consentino F, 2012. Il 6° 
Censimento generale dell'agricoltura fotografa la struttura 
delle aziende. [The 6th Census of Agriculture portrays 
Farms Structure] Relazione presentata al Convegno Istat-

https://doi.org/10.2307/249577
https://doi.org/10.5424/sjar/20110903-353-10
https://doi.org/10.5424/sjar/2009074-1092
https://doi.org/10.5424/sjar/2009074-1092
https://doi.org/10.2105/AJPH.2004.059840
https://doi.org/10.2105/AJPH.2004.059840
https://doi.org/10.1016/j.jsr.2015.08.008
https://doi.org/10.1016/j.jsr.2015.08.008
https://doi.org/10.1016/j.apergo.2016.06.003
https://doi.org/10.1016/j.apergo.2016.06.003
https://doi.org/10.1080/1059924X.2017.1384420
https://doi.org/10.1080/1059924X.2017.1384420
https://doi.org/10.1016/j.chb.2003.10.004
https://doi.org/10.1080/09537325.2014.890706
https://doi.org/10.1080/09537325.2014.890706
https://doi.org/10.1016/j.agsy.2014.05.012
https://doi.org/10.1016/j.agsy.2014.05.012
https://doi.org/10.1504/IJTPM.2015.069203
https://doi.org/10.1016/j.chb.2004.06.004
https://doi.org/10.1016/j.chb.2004.06.004
https://doi.org/10.2307/249008
https://doi.org/10.1006/imms.1993.1022
https://doi.org/10.1006/imms.1993.1022
https://doi.org/10.1016/S0749-3797(00)00141-0
http://eur-lex.europa.eu/ (Accessed April 2016
http://eur-lex.europa.eu/ (Accessed April 2016
https://doi.org/10.1080/00140130802524641
https://doi.org/10.1080/00140130802524641
https://doi.org/10.13031/2013.42539
https://doi.org/10.13031/2013.42539


Human-machine interface in technological tractors: ease of use for experts and novices

Spanish Journal of Agricultural Research December 2017 • Volume 15 • Issue 4 • e0210

11

Agricoltura di qualità: i numeri di un settore in evoluzione 
[Paper presented at the Istat Conference-Quality in 
agriculture]. Rome, p. 18.

Henderson R, Divett MJ, 2003. Perceived usefulness, ease 
of use and electronic supermarket use. Int J Hum-Comput 
Stud 59 (3): 383-395. https://doi.org/10.1016/S1071-
5819(03)00079-X

Howell DC, 2010. Statistical methods for psychology, 
seventh ed. Wadsworth, Belmont, CA, USA. 792 pp.

Iftikhar N, Pedersen TB, 2011. Flexible exchange of farming 
device data. Comput Electron Agr 75 (1): 52-63. https://
doi.org/10.1016/j.compag.2010.09.010

Ilmarinen J, 2006. Towards a longer working life: ageing and 
the quality of worklife in the European Union. Finnish 
Institute of Occupational Health, Helsinki, Finland. 467 
pp.

ISO, 1986. Earth-moving machinery - Zones of comfort and 
reach for controls, ISO 6682. Int. Organ. for Standard., 
Geneva, Switzerland.

ISO, 1998. Ergonomic requirements for office work with 
visual display terminals (VDTs) - Part 11: Guidance on 
usability, ISO 9241-11. Int. Organ. for Standard., Geneva, 
Switzerland.

Karwowski W, 2006. International encyclopedia of 
ergonomics and human factors, 2nd ed. CRC Press, Boca 
Raton, FL, USA. 3728 pp.

Kingman DM, Yoder AM, Hodge NS, Ortega R, Field WE, 
2005. Utilizing expert panels in agricultural safety and 
health research. J Agric Saf Health 11 (1): 61-74. https://
doi.org/10.13031/2013.17897

Kumar A, Mahajan P, Mohan D, Varghese M, 2001. IT-
Information Technology and the Human Interface: 
Tractor vibration severity and driver health: a study from 
rural India. J Agric Eng Res 80 (4): 313-328. https://doi.
org/10.1006/jaer.2001.0755

Lavie T, Meyer J, 2010. Benefits and costs of adaptive user 
interfaces. Int J Hum-Comput Stud 68 (8): 508-524. 
https://doi.org/10.1016/j.ijhcs.2010.01.004

Likert R, 1932. A technique for the measurement of attitudes. 
Arch Psychol 22 (140): 1-55.

Loera B, Parisi T, 2009. Il Digital divide in Piemonte [The 
digital divide in Piemonte region]. In: Osservatorio del 
Nord Ovest. Rapporti focalizzati 2008 [Reports 2008]. pp: 
103-164. Carocci, Roma.

Nachreiner F, Nickel P, Meyer I, 2006. Human factors 
in process control systems: The design of human-
machine interfaces. Safety Sci 44 (1): 5-26. https://doi.
org/10.1016/j.ssci.2005.09.003

Nam CS, Johnson S, Li Y, Seong Y, 2009. Evaluation of 
human-agent user interfaces in multi-agent systems. Int 
J Ind Ergonom 39 (1): 192-201. https://doi.org/10.1016/j.
ergon.2008.08.008

Nielsen J, 1995. Scenarios in discount usability engineering. 
In: Scenario-based design: Envisioning work and 
technology in system development; Caroll JM (ed.). pp: 
59-83. John Wiley & Sons, NY.

Nielsen J, 2000. Designing web usability. New Riders Publ, 
Indianapolis, IN, USA. 300 pp.

Norman DA, 1988. The psychology of everyday things. 
Basic Books, NY. 272 pp.

Norman DA, Draper SW, 1986. User centered system design. 
New Perspectives on Human-Computer Interaction. L. 
Erlbaum Associates Inc., Hillsdale, NJ, USA.

PennState Extension, 2016. Power Take-Off (PTO) Safety. 
http://extension.psu.edu/business/ag-safety/vehicles-and-
machinery/tractor-safety/e33 [April 2016].

Sauer J, Seibel K, Rüttinger B, 2010. The influence of user 
expertise and prototype fidelity in usability tests. Appl Ergon 
41 (1): 130-140. https://doi.org/10.1016/j.apergo.2009.06.003

Spires HA, Donley J, 1998. Prior knowledge activation: Inducing 
engagement with informational texts. J Educ Psychol 90 (2): 
249-260. https://doi.org/10.1037/0022-0663.90.2.249

van Dijk J, Hacker K, 2003. The digital divide as a complex 
and dynamic phenomenon. TIS 19 (4): 315-326. https://
doi.org/10.1080/01972240309487

Venkatesh V, Morris MG, Davis GB, Davis FD, 2003. 
User acceptance of information technology: Toward a 
unified view. MIS Quart 27 (3): 425-478. https://doi.
org/10.2307/30036540

Weber RP, 1990. Basic content analysis, 2nd edition. 
Sage Publ. Ltd, London. 96 pp. https://doi.
org/10.4135/9781412983488

Wickens CD, 2008. Multiple resources and mental 
workload. Hum Factors 50 (3): 449-455. https://doi.
org/10.1518/001872008X288394

Yadav R, Tewari VK, 1998. Tractor operator workplace 
design-a review. J Terramechanics 35 (1): 41-53. https://
doi.org/10.1016/S0022-4898(98)00011-1

https://doi.org/10.1016/S1071-5819(03)00079-X
https://doi.org/10.1016/S1071-5819(03)00079-X
https://doi.org/10.1016/j.compag.2010.09.010
https://doi.org/10.1016/j.compag.2010.09.010
https://doi.org/10.13031/2013.17897
https://doi.org/10.13031/2013.17897
https://doi.org/10.1006/jaer.2001.0755
https://doi.org/10.1006/jaer.2001.0755
https://doi.org/10.1016/j.ijhcs.2010.01.004
https://doi.org/10.1016/j.ssci.2005.09.003
https://doi.org/10.1016/j.ssci.2005.09.003
https://doi.org/10.1016/j.ergon.2008.08.008
https://doi.org/10.1016/j.ergon.2008.08.008
http://extension.psu.edu/business/ag-safety/vehicles-and-machinery/tractor-safety/e33
http://extension.psu.edu/business/ag-safety/vehicles-and-machinery/tractor-safety/e33
https://doi.org/10.1016/j.apergo.2009.06.003
https://doi.org/10.1037/0022-0663.90.2.249
https://doi.org/10.1080/01972240309487
https://doi.org/10.1080/01972240309487
https://doi.org/10.2307/30036540
https://doi.org/10.2307/30036540
https://doi.org/10.4135/9781412983488
https://doi.org/10.4135/9781412983488
https://doi.org/10.1518/001872008X288394
https://doi.org/10.1518/001872008X288394
https://doi.org/10.1016/S0022-4898(98)00011-1
https://doi.org/10.1016/S0022-4898(98)00011-1

