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ABSTRACT

Previous research show that accidents and/or incidents involving heavy machinery are
unplanned and unwanted events, which are the most often caused by human error.
Therefore, in this research, a preliminary study to examine attitudes of operators of
transport and mining machines regarding the ergonomic adjustment of the workplaces
to their needs was conducted. The aim of this study is to investigate the factors that
influence the reduction of the quality of working conditions, which further leads to
the occurrence of occupational diseases as well as opens the possibility of accidents
and/or incidents. In the research, 93 operators of transport and mining machines were
surveyed and 4371 data were collected, on which descriptive statistics, cluster and
principal components analysis were applied. The key conclusions point out to differ-
ences in the ergonomic adjustment of workplaces of mining and transport machines’
operators. Namely, there is larger number of factors that negatively affect the quality
of working conditions for crane operators than for operators of mining machines. Rec-
ommendation is to focus on the ergonomic ladjustment of the seat, which was singled
out as one of the primary factors of the quality of working conditions for operators of
both mining and transport machines, and to the absence of management commitment,
which is also evidenced as a significant common factor and descriptor of ergonomics
climate.
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INTRODUCTION

Mining accidents and/or incidents are unplanned and unwanted events. Iso-
lated factors that contribute to the occurrence of accidents and/or incidents
when working with mining machinery are: human factor (human error), envi-
ronmental factors (influence of natural forces, storms, earthquakes etc.), and
factors originating from the mining vehicle (Spasojevic Brkic et al., 2023).
The most often cause is human error (Milazzo et al., 2016). In the previous
literature, it is stated that over 80% of all unwanted events related to mining
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machinery are caused by human error (Mirzaei Aliabadi et al., 2020; Kirin
et al., 2021). Also, with transport machinery, human error is the primary
cause of accidents and/or incidents (McCann, 2006; Spasojević Brkić et al.,
2015; Bedi et al., 2021; Duarte et al., 2021).

The human error is a key and the most complex cause, when working
with mining and transport machines. Possible causes of human error are:
physical condition of the operator/driver, inadequate speed, overloading the
vehicle with cargo, blind spots, aggressive operation/driving, adherence to
safety procedures, keeping a distance from other objects/vehicles, fatigue,
stress, mental effort due to working in a confined space, underground or
at height conditions, dust, various gases, polluted air, and visibility (during
daylight, when working at night, when working in conditions of reduced
visibility), and ergonomics climate, which have not been enough researched
till now (McCann, 2006; Seo and Kim, 2008; Patterson and Shappell, 2010;
Cheng et al., 2013; Chaudhary et al., 2015; Stemn, 2019; Duarte et al., 2021;
Hoffmeister et al., 2015).

Therefore, the goal of this paper is to investigate the factors that influence
the occurrence of human error, which originate from the ergonomic adjust-
ment of the workplace to the needs of operators of mining and transport
machinery, which would contribute to the prevention of accidents and/or
incidents as well as to the improvement of the quality of working condi-
tions. After the description of the previous research, which indicates the
actuality and insufficient research of the topic of the paper, the methodology
used is described, and then conclusions are drawn on the basis of obtained
results.

PREVIOUS RESEARCH

A number of studies in terms of research into the ergonomic adjustment of
the workplace for transport and mining machines point to the actuality of
the research (Lin et al., 2008; Milijic et al., 2013; Horberry et al., 2016;
Spasojević et al., 2022; Spasojević Brkić et al., 2023), but also to insuffi-
ciently researched factors of ergonomic adjustment (Spasojević Brkić et al.,
2015; Essdai et al., 2018). Horberry et al. (2013) demonstrate how human
factors and ergonomics contribute to risk reduction in the mining industry.
Spasojević Brkić et al. (2023) come to the conclusion that it is necessary
to pay special attention to the following characteristics in order to improve
ergonomic adjustment: the seat’s capacity to be tilted back, its ability to be
adjusted both vertically and horizontally, and its lumbar support; armrests
must be present, adjustable, and set at the proper height; the controls or
levers should be in a convenient place that is both adjustable and movable;
the interior of the cab should be spacious enough to allow for an adequate
view from within in all directions, and the entrance and departure into the
cab must both be properly thought out; to avoid the operators’ absence from
work, the design of the cab must take into account the operators’ working
circumstances, particularly exhaust gases and dust. The ability to raise the
percentage of the population accommodated by the corresponding mining
jobs is an advantage of the smart technologies outlined in Dempsey et al.
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(2018). The papers of Milijic et al. (2013), Haas and Yorio (2021), Spaso-
jević et al. (2022) refer to recommendations for safety climate measurements
and research in the transport and mining sectors. Thus Spasojević et al.
(2022) state that in terms of absence caused by unfavorable working circum-
stances, the climate of collaboration and togetherness, and the methods in
which managers encourage and reward their employees, there are no statisti-
cally significant variations in the views of operators of transport and mining
equipment. There are also no statistical variations between the numbers of
workplace injuries caused by the two different machine types. Hofmeister
et al. (2015) introduce a framework for ergonomics climate, and recognize
management commitment as important factor to maximize both performance
and well-being outcomes.

METHODOLOGY

In this research, the factors that influence the possibility of human error due
to unfavorable workplace conditions, ergonomic characteristics of the cabin,
the physical condition of the operator, job satisfaction and management com-
mitment were analysed, as those factors are recognized by previous research.
The instrument used is the survey presented in Spasojević Brkić et al. (2023).
There were 93 operators of transport and mining machines willing to partici-
pate in the research, of which 65 were operators of various mining machines,
while 28 operators worked on cranes. All surveyed crane operators have
an average height in the range of 165–182 cm and a weight of 70–102 kg.
Surveyed operators of mining machines have an average height in the range
of 166–190 cm, but there are high deviations from the average weight, i.e.
9.23% of them have a weight of over 110 kg, that is, the weight is in the
range of 60–150 kg, as in Table 1.

Table 1. Descriptive statistics for mining machine operators and crane operators.

Mining Machines Operators Transport Machines Operators

Statistic Age
(years)

Height
(cm)

Weight
(cm)

Work
experience
(years)

Age
(years)

Height
(cm)

Weight
(cm)

Work
experience
(years)

No. of
observations

65 65 65 65 28 28 28 28

Minimum 19.000 166.000 60.000 1.000 33.000 165.000 70.000 12.000
Maximum 54.000 190.000 150.000 38.000 55.000 182.000 102.000 32.000
Range 35.000 24.000 90.000 37.000 22.000 17.000 32.000 20.000
Median 35.000 180.000 90.000 9.000 50.000 176.000 83.000 22.000
Mean 34.846 179.415 91.092 10.631 46.393 173.679 87.786 20.964
Variance 74.776 31.843 277.161 93.864 65.739 34.504 125.811 45.177
Standard
deviation

8.647 5.643 16.648 9.688 8.108 5.874 11.217 6.721

The examined machines included cranes with a span from 9 to 25 m and
its load capacity from 10 to 160 tons, as well as excavators, bulldozers, drills,
dumpers, backhoe loaders, bucket wheel excavators and loaders.
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Regarding the seat the following is observed: 96.43% of crane operators
answered that the seat is not adjustable in height (the answers are none at
all and bad); 96.43% of crane operators answered that the seat cannot be
adjusted horizontally; 57.14% of crane operators answered that the seat
was not set at the appropriate height; 15.38% of mining machine operators
answered that the seat is not adjustable in height; 10.77% of mining machine
operators answered that the seat can be adjusted horizontally; 9.23% of min-
ing machine operators answered that the seat was not set at the appropriate
height. Considering the average age of cranes (35.11 years) and the average
age of other mining machines (5.71), it is clear that there are no options for
adjusting the seat for the operator in older machines, so differences there are
expected.

In terms of back support the following is noticed: 82.14% of crane oper-
ators answered that the seat does not have lumbar support, while all crane
operators answered that there is back support; 50.77% of operators on other
mining machines answered that the seat does not have lumbar support, while
15.38% of them answered that there is no back support.

Regarding the armrests the following is observed: 100%, i.e. all crane oper-
ators stated that there are no armrests (thus they are not adjustable and not
at the appropriate height); 58.46% of mining machine operators stated that
there are no armrests; 60% of mining machine operators had an unfavorable
opinion regarding the adjustment of hand rests; 56.92% of mining machine
operators said they had an unfavorable opinion regarding the appropriate
height of the armrests.

Also, neither the crane operators nor the operators of the mining machines
have rated unfavourably the following: vibrations through the seat, through
the floor or through the control devices, easily accessible pedal, cabin size,
noise in the cabin, thresholds and handrails, easy entry and exit from the
cabin, visibility in the work area, and cabin window reflection.

Factors that also were evaluated unfavourably are the impossibility of con-
trolling the temperature in the cabin for crane operators, as many as 85.71%
of crane operators said they were unfavorable regarding the possibility of
regulating the temperature in the cabin and both crane operators and mining
machinery operators stated that their view was obstructed by obstacles (89%
of crane operators and 70% of mining machinery operators).

As many as 82.14% of crane operators assessed that the management does
not motivate and reward them, while 21.43% of crane operators believe that
workplace risks are most often caused by factors other than human and orga-
nizational factors. Operators of mining machinery do not share this opinion
regarding the management’s motivation (only 38.46% believe that manage-
ment does not motivate and reward them), while 52.61% of operators of
mining machines believe that workplace risks are caused by a factor other
than human or organizational factors.

Table 2 shows all examined factors, while Table 3 gives the ranking of
key factors that affect the reduction of the quality of working conditions for
mining machines and crane operators.



Ergonomic Adjustment Needs of Transport and Mining Machines 5

The analysis indicates that much more unfavorable factors of working con-
ditions were noted among crane operators than among operators of mining
machines, which is expected due to work at height.

By grouping the unfavorably rated factors of working conditions for min-
ing machinery operators, as given in Table 3, two groups of factors were
distinguished: 1. seat (impossibility of adjustment and absence of armrests),
and 2. absence from work due to poor working conditions.

Table 2. List of questions.

No. Question No. Question

1 Is the seat height adjustable? 21 Do you have sufficient visibility in all
directions?

2 Can the seat be adjusted horizontally? 22 Is your view of the ongoing operation
obstructed by obstacles?

3 Is the seat set at the correct height? 23 Do you have the feeling that the cabin is
noisy?

4 Does the seat have back support? 24 Can you control the temperature in the
cabin?

5 Does the seat have lumbar support? 25 Does the equipment in the cabin have
thresholds?

6 Are there armrests? 26 Does the equipment have handrails?
7 Are the armrests adjustable? 27 Can you open/close the cabin door easily?
8 Are the armrests placed at the appropriate

height?
28 Can you get in/out of the cabin easily?

9 Do you feel vibrations through the seat? 29 Do you have the appropriate equipment to
enter the cabin?

10 Do you feel vibrations from the equipment
through the floor?

30 Do you have the right equipment to get out
of the cabin?

11 Do you feel vibrations from the equipment
through the control devices?

31 Do you have good visibility and a general
view of the work zone?

12 Is the seat firmly attached to the floor? 32 Are the cabin windows free of distracting
reflections?

13 Can the seat be reclined? 33 Is there a device that allows better visibility
of the work field?

14 Can the seat rotate? 34 Due to poor working conditions, you often
miss work (sick leave)

15 The controls or handles could be adjusted? 35 You don’t mind the exhaust gases of the
machine you operate

16 Can you easily reach controls or handles? 36 You don’t mind the pollution that is part of
the working conditions

17 Can you easily operate controls or handles? 37 There is an atmosphere of cooperation and
togetherness among machinery operators

18 Can you easily reach the pedal? 38 Managers motivate and reward us
19 Can you use the pedal easily? 39 Failures of the machine are very often caused

by human and organizational factors
20 Is the cabin big enough for you (space that

does not constrain you)?

By listing the unfavorable assessment factors of working conditions for
crane operators, as in Table 3, four main factors can be distinguished: 1.
seat including armrests (impossibility of adjustment and absence of arm-
rests), 2. cabin temperature, 3. location of the controls or handles and 4.
management commitment.

The analysis indicates that much more unfavorable factors of working con-
ditions were noted among crane operators than among operators of mining
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machines, which is expected due to work at height. Significant improvements
in working conditions for all mining machinery operators can be achieved by
implementing ergonomic seats and more adequate management commitment,
while with transport machinery, beside recommendations as with mining
machinery, it is necessary to consider the issues of cabin air conditioning and
location of controls or handles.

Furthermore, for the analysis of factors that influence the quality of work-
ing conditions for operators of mining and transport machines, Principal
Components Analysis (PCA) analysis was conducted. PCA enables the anal-
ysis of data sets with the explanation of the variance-covariance structure of
a set of similar variables through several linear combinations of these ran-
dom variables (Houle et al., 2002). PCA reduces the dimensionality of a data
set that contains a large number of interconnected data by calculating a new
set of correlated variables - principal components that represent linear com-
binations of the original variables (Houle et al., 2002; Abdi and Williams,
2010).

Table 3. Ranking of key factors that affect the quality of working conditions of mining
operators and transport machines operators.

Mining Machine Operators Transport Machines Operators

Cause % of
unfavorable
grades

The seat cannot be
rotated

87.69%

Absence from work due
to poor working
conditions (sick leave)

83.08%

The armrests are not
adjustable

60.00%

There are no armrests 58.46%
The armrests are not at
the right height

56.92%

Cause % of
unfavorable
grades

There are no armrests 100.00%
The armrests are not at the right height 100.00%
There is no device that provides better visibility 100.00%
The armrests are not adjustable 96.43%
The seat height is not adjustable 96.43%
The seat is not adjustable horizontally 96.43%
The cabin temperature cannot be adjusted 85.71%
The seat has no lumbar support 82.14%
Managers do not motivate or reward 82.14%
The seat cannot recline 78.57%
Absence from work due to poor working
conditions

75.00%

The seat cannot be rotated 71.43%
The location of the controls or handles cannot
be adjusted

67.86%

Principal component analysis (PCA) for mining machinery operators indi-
cates that: questions 14, 34, 6, 7, 8, 33 are correlated and grouped around
a score of 1; questions 39, 35, 5, 36, 38, 22, 23, 21, 32 are correlated and
grouped around a score of 2; questions 31, 27, 37, 28, 29, 30, 4 are cor-
related and grouped around a score of 4; questions 18, 17, 16, 19, 13, 20,
2 are correlated and grouped around a score of 5. PCA analysis for mining
machinery operators confirms that seat factors (unable to rotate - question
14, armrest adjustment - questions 6, 7, 8), and absence due to poor working
conditions – question 34 are key factors affecting reduction in the quality of
working conditions.
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PCA analysis for crane operators indicates that: questions 38, 6, 7, 1, 8, 2,
24, 5, 14 are correlated and grouped around the grade 1; questions 16, 17 22,
32, 31 are correlated and grouped around grade 3; questions 29, 30, 12, 20,
26, 19, 37 are correlated and grouped around grade 4; questions 4, 10, 11, 23
are correlated and grouped around a score of 5. PCA analysis for crane opera-
tors confirms that seat factors (questions 1, 2, 5, 6, 7, 8, 14) have the primary
influence on the quality of working conditions, followed by management
commitment factors (question 38), cabin temperature (question 24).

Figure 1: PCA analysis for factors that affect the quality of working conditions of mining
machinery operators.

Figure 2: PCA analysis for factors that affect the quality of working conditions of crane
operators.
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Furthermore, cluster analysis was carried out in order to see which issues
can be grouped by similarities into clusters for mining machinery operators
and crane operators.

Cluster analysis of mining machinery operators indicates the existence of 2
clusters. A great similarity of questions (6, 8, 33), then (35, 39), then (21 and
31), (36, 22, 38) was recorded in the first cluster, that is, in this cluster there
are questions that were evaluated unfavorably. In the second cluster (18, 16,
2), (13, 12) then (10, 24, 28 and 1) further (27 and 37), (9 and 23), (15 and
26), i.e. in this cluster there are questions which were evaluated favorably.

Figure 3: Cluster analysis for factors that affect the quality of working conditions of
mining machinery operators.

Figure 4: Cluster analysis for factors that affect the quality of working conditions of
crane operators.

Cluster analysis for crane operators indicates the existence of 2 clusters in
which great similarity is recorded in questions (18, 28, 26), (20, 4, 9), (39,
25, 29), (27 and 31), (21, 32, 17) in the first cluster, i.e. questions that were
evaluated favorably.

In the second cluster, similarity was recorded in questions (3 and 34),
(13, 15), (7, 26, 25, 6, 33, 2, 8, 5), since those questions were evaluated
unfavorably.
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CONCLUSION

This paper presents a preliminary investigation of the attitudes of operators of
mining and transport machines in Serbia regarding the ergonomic adjustment
of their workplaces.

In the research, an instrument for surveying operators on transport and
mining machines was used in order to obtain a database on which principal
components and cluster analysis were carried out.

The research confirmed the initial hypothesis that the occurrence of acci-
dents and/or incidents with both transport and mining machines is most often
caused by human error (79.9% of operators and 40% of crane operators
believe that human error is the cause).

The key factors affecting the reduction of the quality of the working condi-
tions of operators on mining machines are related to the seat rotation, absence
from work due to poor working conditions (sick leave), nonadjustable arm-
rests or non-existing armrests or armrests which are not set at the right
height.

The key factors that affect the quality of the crane operator’s working
conditions, are connected to characteristics of armrests (no armrests, arm-
rests not at the right height, armrests are not adjustable), seat characteristics
(seat height is not adjustable, seat is not adjustable horizontally, seat has not
lumbar support, seat cannot recline, seat cannot be rotated), controls adjust-
ment issues, temperature in the cabin, visibility issues and to the absence of
management commitment.

A general recommendation as a measure to improve working conditions
for operators of mining and transport machines is the usage of ergonomically
adjusted seats with armrests. A proposal to introduce cameras that provide
operators with better side and rear visibility could be considered, too, in aim
to reduce the burden on the operator during reversing movements.

In terms of management commitment, further focus on ergonomics climate
is necessary to enable better working conditions for mining and transport
machinery operators.

Sample size enlargement is expected in future research.
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