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ABSTRACT

Despite the ever stricter safety regulations and standards, the number of accidents in the agricultural
sector is still relevant. The reports on occupational accidents in this sector highlight that most serious
and fatal accidents are related to both the use of machinery that are not in conformity with safety
protection requisites, and their misuse. The present study aims to investigate the latter aspect, focusing
on the analysis of human error by means of the Systematic Human Error Reduction and Prediction
Approach (SHERPA) method. In particular, we analyse the operators’ behaviour and risk perception
while performing agricultural activities with pedestrian controlled self-propelled machines. Results
achieved show the lack of safety awareness, especially among self-employed and part-time agricultural
workers, fostering the need for a more consistent effort to improve information and communication on
safety issues among farmers.
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1 INTRODUCTION

Safety in the agriculture sector still represent a relevant problem at a global level [1]-[3]. In
fact, despite the great effort made in recent years by lawmakers in issuing stricter regulations
concerning both occupational and machinery safety, the number of accidents and victims has
not significantly decreased [4], [S]. The main factors causing this situation are related to the
peculiar characteristics of the agricultural works, which can be summarized in the following
main aspects: the frequent employees’ turnover, the seasonal works’ deadlines, the outdoor
works in all weather conditions, the lack of highly trained workers, the use of obsolete
working equipment, the frequent change of work sites, etc. [6], [7].

In particular, the reports on occupational accidents in this sector highlight that the majority
of serious and fatal accidents are related to the use of machinery that are not in conformity
with safety protection requisites, as well as to their misuse [8], [9]. In this study, we focused
on the latter aspect, since the human behaviour plays a key role on the accident causality [10].
In fact, the identification and analysis of the hazardous events that might occur during
working activities considering the human behaviour perspective can augment the quality of
risk assessment activities, providing more effective results for risk reduction and prevention
measures [11]-[13].

In literature, numerous studies addressing this goal can be found, mainly concerning the
analysis of safety critical industries, as for example: nuclear plants, marine systems, railway
and aviation industry, chemical plants, etc. [14], [15]. Conversely, in the agricultural sector,
few studies have addressed these issues, mainly focusing on the ergonomics’ aspects of
human behaviour [16], [17]. Moreover, most studies addressing safety issues while using
agricultural machinery concerned the use of four-wheel (or continuous track) tractors, while
other working equipment, such as two-wheel tractors (2WTs), motor hoes or rotary tillers are
still scarcely considered [18], [19].
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The reasons of such a situation are due to the fact that compared with the four-wheel
tractors, the accidents occurred while using the latter usually have a minor severity and
caused less fatalities according to official statistics. However, their great diffusion also
among non-professional users [20], as well as the fact that they do not need to be officially
registered since they are not considered vehicles by the current legislation make it difficult
to estimate the incidence of accidents and their effects properly. On these considerations, the
purpose of the present study consists in investigating the human errors related to the use of
two-wheel tractors by means of the Systematic Human Error Reduction and Prediction
Approach (SHERPA) method [21]. Accordingly, in collaboration with authorities for
occupational health and safety, farmers were interviewed in order to depict the context and
define both the critical tasks and the related hazardous situations. Then, human errors were
identified and assessed using SHERPA. The study brought to light the underestimation of
potential risks by the operators, providing useful information for the implementation of safe
solutions from both the management, and the engineering point of view.

2 BACKGROUND ANALYSIS
2.1 Context definition

In rural areas, agricultural pedestrian controlled self-propelled machines are highly diffused
due to their multipurpose applications. In fact, starting from a common base consisting of an
engine, a frame containing the gear and the power transmission, and a handle-bars command
system, they can be used for driving, pulling or being equipped with different working tools
depending on the different uses [19], [22]. More in detail, following the criteria provided by
the EN 709:1997 standard [23], this type of equipment can be classified into the following
categories. 2WTs are single-axle tractors (also called “walking tractors”) characterized by a
power take-off aimed at driving and/or pulling working tools (Fig. 1).

Figure 1: Scheme of a two-wheel tractor (2WT).

Instead, in motor hoes (with or without supporting wheels) the propulsion is guaranteed
by the working elements directly actuated by the engine. The latter type of machinery can be
also equipped with drive wheels directly actuated by the engine.

Studies concerning safety issues while using this type of machinery are not numerous and
mostly addressed the problems related to vibrations. In particular, Tewari and Dewangan [24]
studied the vibrations transmitted by 2WTs, proposing rubber isolators for engine mountings
and handles to reduce their effects on the operators. Similarly, Chaturvedi et al. [25] reported
a field analysis of vibration reduction using polyurethane and rubber isolators, as well as their
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combination during the different use phases of 2WTs. Guo et al. [26] analysed the handle
vibrations in comparison with those at the engine cover in a motor motor-hoe. Sam and
Kathirvel [27] focused their attention on hand vibrations, pointing out that also the correct
use of the equipment (e.g. holding handles without straining arms, avoiding a tight grip of
handles, etc.) has a significant impact on the transmission of vibrations. Accordingly,
Heidary et al. [28] investigated the discomfort caused by vibrations, which may cause to
operators Comfort limit and some symptoms like headache, influence on speech and lump in
the throat. Besides, the comfort of operators was studied also by workloads Tiwari and Gite
[29], who considered different types of discomfort while operating a 2WT leading
physiological and postural.

Other studies on this type of equipment focused on their use as a transportation means
especially in rural areas of developing countries, where the main concerns are related to road
safety [18], [30], [31]. It has to be noted that in other countries, although is still diffused, this
use of the equipment is not always allowed by safety and road traffic regulations. As for
example, in Italy 2WTs and motor hoes need to undergo a specific approval in order to be
considered as road mobile machinery. Otherwise, they cannot be considered as “vehicles”.

2.2 Accident statistics

Although this type of equipment is usually associated to a large number of accidents among
those occurred when dealing with agricultural machinery, it is very difficult to estimate their
real impact on accident statistics. As a matter of fact, official statistics consider them into the
category of “accidents with agricultural machinery”, without specifying the type of
machine/equipment involved. Besides, we also have to take into account the fact that most
of the users of this type of equipment are not professional users. Moreover, we also have to
consider that in most countries (e.g. in the European Union) official statistics do not include
the accidents occurred to self-employed workers. Hence, it is difficult to find detailed
information on this phenomenon at an official level.

Conversely, if we consider data concerning the accidents registered taking into account
reports of both police departments and inspectors of the national health service, numbers are
indeed larger. In Table 1 this type of data collected by the Observatory on accidents in
agriculture of INAIL [32] related to the period 2013—-2017 are shown.

Table 1: Accident related to the use of agricultural pedestrian controlled self-propelled
machines [32].

Years | Serious injuries | Fatalities
2013 50 14
2014 34 10
2015 31 20
2016 28 11
2017 28 12
Total 171 67

Hence, on the one hand, this remarkable difference in numbers between data registered
for regular employees and observatory data shows that this phenomenon and its impact on
farmers is underestimated.

On the other hand, despite data provided by the observatory cannot be considered
significant from the statistical point of view [32], they can provide qualitative information
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that can be useful to understand the characteristics of the phenomenon. More in detail,
qualitative information on the number of the registered accidents classified based on the age
of victims is shown in Fig. 2, while the type of accidents, i.e. the circumstances or mode in
which the accident occurred in the period 2013-2017 is reported in Table 2 [32].
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Figure 2:  Number of accidents registered by the observatory of INAIL divided according
to the age of victims. (Source: Adapted from [32].)

Table 2: Circumstances or mode of the accident in the period 2013-2017. (Source: Adapted

from [32].)

Circumstances Injuries | Fatal accidents
Contact/entanglement with moving parts 146 46
Crashing 8 10

Roll over 12 9
Impact with objects 1 1
Others 4 1

Total 171 67

2.3 Research issues

In such a context, despite the large number of accidents occurring to farmers needing safety
and reliability analyses of human functions are needed to allow an improvement of
performances and well-being [34]. most studies concerned the use of traditional tractors (i.e.
four-wheel tractors), and the misperception of their safe conditions by users [35]-[39]. Other
studies remarkably focused on the proper comprehension of pictograms [40] and safety signs
[41] on agricultural machinery.

Instead, the analysis of the operators’ behaviour and risk perception while performing
agricultural activities with pedestrian controlled self-propelled machines has been scarcely
investigated in literature. To reduce this gap, in this study the Systematic Human Error
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Reduction and Prediction Approach (SHERPA) method [21] was used with the goal of
identifying human error types and predicting their occurrence with reference to the use of
pedestrian controlled self-propelled machinery.

3 RESEARCH APPROACH
3.1 The SHERPA method

More in detail, following the SHERPA method a distinction of the possible human failures
can be made into the following categories [21]:

1. Action errors (A), when the human action changes the status of the system.
2. Checking errors (C), when the operator fails to verify, check the status of the system.
3. Retrieval errors (R), if the operator fails to retrieve information, e.g. from a working

procedure.

4. Communication errors (C), when the operator fails to transfer information to other
personnel.

5. Selection errors (S), when the operator makes the wrong choice among different
alternatives.

Each one of the above categories is characterized by different error modes, as shown in
Table 3.

Table 3: SHERPA error modes. (Source: Adapted from [42].)

Error category Error mode
A. Action errors Al Operation too long/short
A2 Operation mistimed
A3 Operation in wrong direction
A4 Operation too little/much
AS Misalign
A6 Right operation on wrong object
A7 Wrong operation on right object
AR Operation omitted
A9 Operation incomplete
A10 Wrong operation on wrong object
C. Checking errors Cl Check omitted

C2 Check incomplete

C3 Right check on wrong object
C4 Wrong check on right object
C5 Check mistimed

C6 Wrong check on wrong object

R. Retrieval errors R1 Information not obtained

R2 Wrong information obtained

R3 Information retrieval incomplete
I. Communication errors | I1 Information not communicated

12 Wrong information communicated

13 Information communication incomplete
S. Selection errors S1 Selection omitted

S2 Wrong selection made
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In order to apply the method, an analysis of the working tasks performed is needed. As
suggested by Ghasemi et al. [43], this activity is focused on bringing to light the individual’s
perception of task to reach goals in accordance with the working procedures and/or the
instructions received. In order to perform this activity, the Hierarchical Task Analysis (HTA)
method [44] was used. The output of the method consists in filling the SHERPA tables, where
to each task type error modes are associated and evaluated considering the recovery
possibility, the consequences, the probability of occurrence and criticality of the error (e.g.
by means of a qualitative ranking such as: low, medium or high), as well as the remedial
measures [21].

3.2 The case study

The case study was carried out through a series of interviews with 19 users of pedestrian
controlled self-propelled machinery. More in detail, seven users of motor-hoes; three users
of motor-hoes with drive wheels; and nine users of 2WTs were interviewed separately. Most
of them are self-employed farmers, who uses this equipment to operate in fields where four-
wheel tractors cannot be used due to space limits (e.g. in vineyards or vegetable gardens).
Others are part-time agricultural workers or hobbyists. More in detail, the interviews were
structured as follows:

e Definition of the main activities the task “use of the equipment” can be split in by
means of a bottom up approach: i.e. the task is divided in sub-tasks; each sub-task is
divided in elementary activities.

e Analysis of each activity with reference to the error classification provided in Table
3.

e Definition of error modes.

The results of the questionnaires were analysed by a group of experts in order to define
the consequences of each error and the recovery opportunities of potential identified errors.
Based on this an assessment of the risk level associated to each potential error was carried
out using a qualitative scale (L = low; M = medium; H = high) for estimating both the
probability of occurrence and the criticality of the potential errors [21].

4 RESULTS

In Fig. 3 the results of the task analysis are shown. It has to be noted that since the interviewed
operators were not using exactly the same equipment, we only selected the activities that are
in common among all of them, while additional operations (e.g. plowing) that can be carried
out only by means of 2WTs were not taken into account. As far as the transit is concerned,
the use of additional wheels was considered when the equipment is used on the road.
Moreover, from the interviews it emerged that towing an agricultural trailer is quite common
since 79% of interviewed operators use the equipment equipped with a trailer for reaching
working areas as well as for carrying goods (e.g. wood, fruit, etc.).

For each of the above elementary activity, the error modes were identified, and the
SHERPA tables were implemented accordingly: in Table 4 an excerpt of the SHERPA table
concerning the use of a trailer is shown.

In total, 42 human errors were identified: 19 Action errors; six Control errors; nine
Retrieval errors; two Communication errors; and six Selection errors. In Fig. 4 the status of
the identified errors is shown, where the most significant ones concern the failure in
completing an operation correctly.
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USE OF THE
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Figure 3: Hierarchical task analysis of the working activities.
Table 4: Excerpt of the SHERPA method application.
.. Error o .. S
Activity mode Description Consequence Recovery | Probability | Criticality
The operator installs
the transit wheels Crushin
A2 | without checking if & T.2.1 L M
. . entanglement
the equipment is
braked
The oper.ator installs Contact with
the transit wheels hieh
Cl | without checking if | & T2.1 M L
. . temperature
the equipment is arts
cooled down P
The operator does
T.1.1 not use the proper Contact with
A6 | personal protective cutting parts H L
equipment (e.g. Entanglement
gloves, overalls)
The operator has not Ié(r)lsl:hoiflstablhty
A9 | fixed the wheels g T2.1 L H
roperly Exposure to
P vibrations
The operator uses Ié(r):lﬁflstablhty
S2 | wrong transport & T.2.1 L H
Exposure to
wheels N
vibrations
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Figure 4.  Percentage of the identified errors. A = Action errors; C = Checking errors; R =
Retrieval errors; I = Communication errors; S = Selection errors.

5 DISCUSSION OF RESULTS
The results obtained show that most of errors are action type: in particular, A2 (operation
mistimed) and A7 (wrong operation on right object) are the most common in accordance with
the responses of the operators. Besides, retrieval errors were also considered frequent,
especially during the transportation and transit operations.

On the one hand, such an output reflects the type of operators interviewed: in fact, since
they are not company employees, they do not have to follow strict working procedures. This
can lead them to omit or underestimate safety issues, making it difficult to choose the right
action after an error in order to bring the system to a safe condition. On the other hand, the
results are in line with data provided with the INAIL’s observatory [32], where most of
serious/fatal accidents are related to wrong operations. This accomplishes the research clues
by Cividino et al. [36], who pointed out the low perception and awareness of safety issue by
the workers in the agricultural sector. Accordingly, as demonstrated also in other fields [45],
[46], safety perception and climate in small working contexts need to be augmented, in order
to reduce the number of accidents.

At a more general level, these results bring to light the need to improve safety information
and training among farmers, considering the large number of self-employed operators and
small sized companies. This is in line with the observations provided by Cavallo et al. [47],
who stressed on the little attention paid to the condition of the working equipment.

Thus, the use of the SHERPA method resulted in being effective in pinpointing the safety
perception and awareness of workers, bringing to light error types that can be hardly
identified following a top-down analysis [48], [49]. Furthermore, such an approach can
support engineers in better analysing the interactions among operators, technical systems,
working environment, showing improvement options both from the technical and managerial
point of view [43], [50].
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Beside these positive aspects, we have to underline that the present study also presents
some limitations mainly due to both the small number of interviewed operators and to the
difficulties that non-expert analysts can find in applying the SHERPA method [51]. Hence,
although the use of a single case-study as a research tool for exploratory investigation and to
generate new understandings is recognized [52], the generalization of the research findings
needs to be supported by the application of the proposed approach to further and larger
analysis.

6 CONCLUDING REMARKS
Given the large number of accidents among workers in the agricultural sector especially when
using working equipment, the analysis of safety perception and awareness of operators has
become relevant. In such a context, the use of tools for the identification of human errors
certainly represents a viable approach to augment knowledge in this research field.

This study contributes to the current research literature by proposing the application of
the SHERPA method for the analysis of human errors in agricultural activities. Results
achieved showed the low safety perception of self-employed and part-time workers when
dealing with pedestrian controlled self-propelled machines. Such a finding can be considered
exploratory and used to define new research questions and promote further and more detailed
analysis.
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