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As industrial systems represent a complex socio-technical system, it is necessary to analyse the impact of manager-
operator-machine interaction on industrial safety, as categories of contextual factors. However, modern scientific 
literature indicates insufficient research on this topic. This paper has an aim to empirically analyse behavioural style 
and transport and mining machines operators’ attitudes in the safety climate context. Participants in this study were 
28 crane’s and 65 mining machinery’s (excavators, bucket wheel excavators, bulldozers, loaders, graders, backhoe 
loaders, trenchers, dump trucks and scrapers) operators working in Serbian industrial companies. In the first step 
there is conducted descriptive statistics and followed by Kolmogorov’s and U* Mann-Whitney test to examine 
differences. Obtained results have shown that there were not statistically significant differences both between 
attitudes of operators on those two kinds of machines, namely, there are no statistically significant differences in 
terms of absenteeism due to poor working conditions, atmosphere of cooperation and togetherness among operators 
and the ways in which managers motivate and reward them. Between numbers of injuries at work happened by both 
machines’ types used there are no statistical differences, too. Also, further factor analysis has shown that examined 
operators’ and machines’ characteristics divide into two factors – one is focused to anthropometric characteristics 
presented by height and weight while another is focused on age of operator and machine and operator’s experience. 
It is recommended, in future research to enlarge sample, repeat statistical testing and analyse wider set of variables 
on examined matters in aim to discover pattern of anthropometric factors influence on behavioural factors. 
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1 INTRODUCTION  

As industrial systems represent a complex socio-technical system, it is necessary to investigate the impact of 
manager-operator-machine interaction on industrial safety, as categories of contextual factors, however, modern 
scientific literature indicates insufficient research on this topic and shows very limited impact of technical facts on 
technical standards and norms. On the other hand, it is known that regulatory requirements will give adequate results 
only if the needs of users of industrial machinery and equipment at all hierarchical levels are taken into account, 
despite the difficulties and complexities in their identification and quantification. Certainly, the safety of employees at 
work is a prerequisite for any private activity. 
Therefore, the safety management of employees at work, i.e., workplaces, is considered as an integral part of the 
production management system. The traditional approach to security management is closely focused on technical 
factors such as the design of machinery, tools and equipment, as well as security policies and procedures. The same 
technique for improving (maintaining) the state of safety at work has been known in the world since the beginning of 
the industry, however, in the science of management there are much later attempts to systematize the factors that 
affect the safety of employees in the workplace. In other words, compliance with the procedure and rules for the safe 
conduct of work activities is not sufficient in order to achieve full safety of employees. According to the Zohar and his 
first research [1], in the process of managing safety at work, the essence is, as he puts it, the culture of safety and 
the climate of safety. These two terms are equated in many works of different researchers, but there are also key 
distinctions between these terms. Leadership style is a very important factor, significantly influencing organizational 
and safety culture and climate [2]. 
This paper has an aim to empirically analyze leadership style and transport and mining machines’ operators attitudes 
in safety climate context. It is structured as follows. After topic introduction in this section, literature, which in narrow 
topic defined here is scarce, and its review is given in the next section, while in the third section methodology is 
described, implemented and results are given, while the last, forth section gives discussion and conclusions. 

2 LITERATURE REVIEW 

Available literature although at the first glance seems wide, rarely examines the topic of this paper. Safety culture is 
part of the organizational culture and tends to focus on deeper and harder to access core values and assumptions 
within the organization in terms of safety and human resources in general [3]. On the other hand, according to one 
definition, the safety climate is seen as a special attribute consisting of two factors: the commitment of safety 
management and employee participation in meeting security requirements [4]. According to this definition, it can be 
said that the safety climate defines the subjects in achieving the goal (safety), as well as their frameworks of action. 
On the other hand, safety culture is a term that describes ways to manage safety in the workplace. In addition, the 
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safety culture reflects the attitudes, beliefs, perceptions and values related to safety, which employees share within 
the organization [5]. Again, according to some authors such as in [6] and [7], the terms safety culture and safety 
climate simply merge in their interrelationships, so they should be viewed as such. In recent times, the focus has 
been on consistency of behavior in terms of compliance with safety rules and regulations. However, this is not entirely 
enough to reduce the risk of injury, so the emphasis is on proactive action by individuals [8]. The safety climate 
serves as a framework of references for employees in terms of a sense of safety in the workplace and the adjustment 
of personal behavior in accordance with safety measures [9]. Individual perception of safety climate influences 
employee behavior. On the other hand, group attitudes within an organization can have an impact on individual 
perceptions and behaviors [10]. The concept of safety climate has been studied for more than 30 years [11]-[17]. The 
study of the safety climate is based on the common perception of employees in terms of organizational policies, 
procedures and practices, and in relation to the values and importance of safety within the organization. [18]-[20]. 
Therefore, it can be said that the safety climate is a component of the safety culture, which is again part of the 
organizational culture. [21]-[24]. Also, there is an attitude in the literature that the safety climate is a reflection of the 
prevailing safety culture within the organization [25]. Safety climate is a key indicator of accidents and injuries at work 
[26], and the mechanism through which this is achieved is the impact of safety climate on employee motivation, as 
well as their knowledge and ability to perform work activities in a safe manner [24]. Safer employee behavior results 
in a reduction in the number of accidents and injuries at work. [12], [27]. Numerous literature sources suggest that 
organizational leadership is linked to a wide variety of employee outcomes, both positive and negative, relevant to 
occupational health and safety [28]- [30].  
This study is aimed to check if there are statistically significant differences in attitudes between crane’s and mining 
machinery’s (excavators, bucket wheel excavators, bulldozers, loaders, graders, backhoe loaders, trenchers, dump 
trucks and scrapers) operators on leadership style, number of injuries and operators’ behavior in sense of sick leave 
and absenteeism matters. Also, influential factors, such as age, height, weight and work experience of the operator 
as well as the age of the machine he is operating, on those matters will be searched. 

3  METHODOLOGY AND RESULTS 

3.1 Methodology 

Participants for this study were randomly selected from the general populations of crane’s and mining machinery’s 
(excavators, bucket wheel excavators, bulldozers, loaders, graders, backhoe loaders, trenchers, dump trucks and 
scrapers) operators in Serbian industrial companies. Their task was to give data about the following: 

− Age of operator 
− Height  
− Weight 
− Operator’s work experience 
− Age of the machine, 

and to give answers on Likert 1-5 scale on the following questions: 
1. Q1 - Due to poor working conditions I am often absent from work (medical leave)    
2. Q2 - There is an atmosphere of cooperation and togetherness among mechanization operators 
3. Q3 - Leaders motivate and reward us.           

In the first part of this study, descriptive statistics were conducted for 65 operators of mining machinery and 28 
operators of transport machinery, and data from descriptive statistics on operators (age of operator, height, weight, 
work experience and age of the machine) are shown in Tables 1 and 2. The second part of the research refers to the 
factor analysis of the researched factors of operator characteristics, and the third part presents the comparison of 
data obtained in the survey for operators of transport and mining machinery (answers to questions about 
management style and absenteeism). The aim was to have insight into the general overview of the survey data as 
well as to determine the type of comparison that will be performed, i.e. parametric or non-parametric, as well as to 
draw relevant conclusions in this, today, insufficiently researched field. 

3.2 Results and data analysis 

In the first step is conducted descriptive statistics. Descriptive statistics show sample sizes, means, medians, 
minimum and maximum, range, standard deviation, and variation coefficient expressed as a percentage. In case the 
variation coefficient is greater than 30%, the variable is inhomogeneous so that it conditions the use of nonparametric 
statistics. Otherwise, the Kolmogorov test for normality was additionally performed, where the tables show the test d 
and p values for the Kolmogorov test. Finally, it is determined whether the variable type is parametric or 
nonparametric. Descriptive statistics on examined questions, e. In the first step is conducted descriptive statistics. 
Descriptive statistics show sample sizes, means, medians, minimum and maximum, range, standard deviation, and 
variation coefficient expressed as a percentage. In case the variation coefficient is greater than 30%, the variable is 
inhomogeneous so that it conditions the use of nonparametric statistics. Otherwise, the Kolmogorov test for normality 
was additionally performed, where the tables show the test d and p values for the Kolmogorov test. Finally, it is 
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determined whether the variable type is parametric or nonparametric. Descriptive statistics on examined questions, 
e.g. answers given by operators is given in Table 3.g. answers given by operators is given in Table 3. 

Table 1: Descriptive statistics on mining machines operators 

Statistic Age of operator Height Weight Work experience Age of the machine 

N 65 65 65 65 65 

Min 19.000 166.000 60.000 1.000 1.000 

Max 54.000 190.000 150.000 38.000 13.000 

R 35.000 24.000 90.000 37.000 12.000 

Med 35.000 180.000 90.000 9.000 5.000 

Mean 34.846 179.415 91.092 10.631 5.708 

Var (n) 74.776 31.843 277.161 93.864 15.622 

Var (n-1) 75.945 32.340 281.491 95.330 15.866 

SD (n) 8.647 5.643 16.648 9.688 3.952 

SD (n-1) 8.715 5.687 16.778 9.764 3.983 

cv 0.248 0.031 0.183 0.911 0.692 

Table 2: Descriptive statistics on transport machines operators 

Statistic Age of operator Height Weight Work experience Age of the machine 

N 28 28 28 28 27 

Min 33.000 165.000 70.000 12.000 0.120 

Max 55.000 182.000 102.000 32.000 40.000 

R 22.000 17.000 32.000 20.000 39.880 

Med 50.000 176.000 83.000 22.000 40.000 

Mean 46.393 173.679 87.786 20.964 35.301 

Var (n) 65.739 34.504 125.811 45.177 86.043 

Var (n-1) 68.173 35.782 130.471 46.851 89.353 

SD (n) 8.108 5.874 11.217 6.721 9.276 

SD (n-1) 8.257 5.982 11.422 6.845 9.453 

cv 0.175 0.034 0.128 0.321 0.263 

Table 3: Descriptive statistics on examined questions 

 N Mean Med Min Max R SD cv (%) d p variable 

QK1 28 1.871 2.000 1.000 4.000 3.000 0.922 49.261   nonparametric 

QK2 28 3.935 4.000 2.000 5.000 3.000 0.998 25.355 0.21285 < 0.10 parametric 

QK3 28 2.000 2.000 1.000 5.000 4.000 1.000 50.000   nonparametric 

QB1 65 1.631 1.000 1.000 5.000 4.000 1.294 79.34   nonparametric 

QB2 65 3.892 4.000 1.000 5.000 4.000 1.134 29.12 0.23575 < 0.01 nonparametric 

QB3 64 2.875 3.000 1.000 5.000 4.000 1.351 46.99   nonparametric 

The comparison of the answers of the operators of transport and mining machinery to individual questions was 
performed via the U* Mann-Whitney test, since no answer of the operators of mining machinery behaves according 
to the normal distribution (Table 1). The data of this comparison are shown in Table 4. The last data compared 
between transport and mining machinery operators are injuries, for which proportions were used, where it was shown 
that 16,129% of transport machinery operators had injuries, while that number at mining machinery operators was 
13.846%. The comparison showed that this difference was not statistically significant, since the p-level of the test 
was 0.7205. 
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Table 4: Comparison of answers to individual survey questions between transport and mining machinery operators 

Transport machinery 
operators   Mining machinery 

operators  U* Z* p level of 
significance 

QK1 = QB1 36.500 -0.179 0.858 n.s. 

QK2 = QB2 13.000 0.990 0.322 n.s. 

QK3 = QB3 36.000 0.735 0.462 n.s. 

A comparison of individual questions between transport and mining mechanization operators indicates that there are 
no statistically significant differences in the answers. That is, both categories of operators provided similar answers 
to the considered questions. If all three questions are considered in summary and the Z test is applied for the 
difference of the environments, it is also obtained that there are no significant differences, as in Table 5. 
Then, a factor analysis of the data on all operators was conducted, in order to investigate the way of their grouping. 
In Table 6 correlation analysis is shown, while the rotated matrix of components is shown in Table 7. Data in Table 
7 indicate the fact that the data are divided into two factors - the first factor is the age of operator, work experience 
of the operator and the age of the machine he operates, while the second factor is factors related to anthropometric 
characteristics - height and weight of the operator. 

Table 5: Comparison of the answers of the operator of transport and mining machinery according to the answers 
for the group of questions 

   Z p level of significance 

Transport machinery operator = Mining machinery operator 0.977 0.326 n.s. 

Table 6: Correlation Matrix on operator and machine characteristics 

r Age of 
operator Height Weight Work experience Age of the machine 

Correlation 

Age of operator 1.000 -0.487 -0.047 0.883 0.448 

Height -0.487 1.000 0.413 -0.462 -0.306 

Weight -0.047 0.413 1.000 -0.122 -0.092 

Work experience 0.883 -0.462 -0.122 1.000 0.411 

Age of the machine 0.448 -0.306 -0.092 0.411 1.000 

Sig. (1-tailed) 

Age of operator  0.000 0.321 0.000 0.000 

Height 0.000  0.000 0.000 0.001 

Weight 0.321 0.000  0.111 0.179 

Work experience 0.000 0.000 0.111  0.000 

Age of the machine 0.000 0.001 0.179 0.000  

Table 7: Rotated Component Matrix on operator and machine characteristics 

Rotated Component Matrix 

 Raw Rescaled 

Component Component 

1 2 1 2 

Age of operator 7.925 -0.597 0.806 -0.061 

Height -2.759 2.824 -0.347 0.558 

Weight 0.032 14.982 0.002 0.998 

Work experience 7.552 -1.347 0.770 -0.137 

Age of the machine 12.601 -1.145 0.872 -0.079 

Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
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4 CONCLUSION 

This is one of rare studies focused on leadership style and transport and mining machines’ operator’s attitudes in the 
safety climate context and Serbian operators’ population. This study examined 65 mining machinery and 28 transport 
machinery operators and came to the following conclusions:  

− The comparison of transport and mining machinery operators' answers to individual questions was 
performed using the Mann-Whitney U* test, since none of the mining machinery operators' answers 
behaves according to normal distribution and shows that there are no statistically significant differences 
in absence issues due to poor working conditions, the atmosphere of cooperation and togetherness 
among mechanization operators and the ways in which managers motivate and reward them; 

− Overall, for all three parameters there are also no statistically significant differences; 
− Although 16,129% of transport machinery operators suffered injuries, while the number of mining 

machinery operators was 13,846%, the comparison showed that this difference was not statistically 
significant, given that the p-level of the test is 0.7205; 

− Finally, a factor analysis was performed to divide the data into two factors - the first factor is the age of 
operator, work experience of operator and the age of the machine he operates, while the second factor 
is factors related to anthropometric characteristics - height and weight of the operator. 

According to this study, using parametric and non-parametric methods, has been shown that there are no evidenced 
statistically significant differences between subjects, so machines and equipment which are controlled by means of 
Serbian operator could be designed in the same manner both for workers in transport and mining industry. Further 
factor analysis points out to the importance of anthropometric characteristics in design, on one side, and of age of 
both operator and machine and operator experience. 
It is recommended, in future research to enlarge sample and repeat statistical testing. Further analysis on 
anthropometric characteristics of operators is advised. Also, it is recommended to include variables such as 
leadership development and certain forms of training. 
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Abbreviation 

N sample size 

Med Median 

Min minimal value 
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Var variance 
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Abbreviation 

SD standard deviation 

cv coefficient of variation 

D Kolmogorov statistics 

p P-value 

Sig. significance 

n.s. not significant 

r coefficient of correlation 

U U Mann Whitney test 

Z Z-statistics 

p significance level 
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