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ABSTRACT

Purpose: To search for training methods for specialists in industrial safety, environmental and
occupational safety and health in conditions of insufficient (or absent) laboratory support and
to study the relationship between the student learning approach and acquired competencies.

Design/methodology/approach: To study modern advances in industrial safety,
environmental and occupational safety and health and training methods for specialists a
systematic literature review approach has been used. For publications from 2017, queries
were asked through keywords and safety related topics. To relationship study between
the student learning approach and acquired competencies a student survey on random
sampling has been used. A total of 112 students of the 3rd and 4th year of study at the
university were interviewed.

Findings: The results of the survey showed that the students’ number who simultaneously
successfully answered theoretical questions and completed practical tasks is 33.8% from
the group with theoretical training and 75% from the group that was trained in the workplace.
The relationship between the groups with a visit to the existing enterprise and acquired
competencies was justified by the association coefficient and contingency coefficient that
are 0.7 and 0.4 respectively.

Research limitations/implications: A student’s survey was conducted at only one
university. Questions were asked only according to the curriculum of the course “Labour
Protection”. No survey for other training courses conducted.

Practical implications: The research results are reasonable and can be applied at
universities to improve the educational process of training specialists.

Originality/value: It was proposed that students be trained using existing enterprises
as a laboratory base and by the methods of statistics mathematical processing was
substantiated the proposal feasibility.

Keywords: Specialists training methods, Industrial safety, Environmental, Occupational
safety and health, Competencies
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1. Introduction

University labs in low-income countries are currently
experiencing financial difficulties. In this regard, the hour
number of students’ theoretical learning is constantly
increasing, and the time of practical training and
laboratory research is significantly reduced. This reduces
the specialists training quality in technical specialties,
including specialists in industrial safety, environmental
and occupational safety and health. At the same time,
ensuring human safety issues, both during work and in
public life, come to the fore. This is evidenced by
numerous modern scientific studies [1-6].

At the same time, production enterprises continue
their production activities and need industrial safety
specialists. This is justified by the fact that the human
health and life are priority in any activity [7-9]. In
addition, in order to have the possibility of international
cooperation, enterprises are required to comply with
international occupational safety and health requirements
and ensure the functioning of the occupational safety and
health management system (OSH management system)
[7,8,10].

In this regard, the study aim is to search for training
methods for specialists in industrial safety, environmental
and occupational safety and health in conditions of
insufficient (or absent) laboratory support and to study the
relationship between the student learning approach and
acquired competencies.

In order to properly training specialists in industrial
safety, environmental and occupational safety and health
(technical science), the following should be taken into
account:

e Modern achievements in the industrial safety,
environmental and occupational safety and health;

e Current requirements for specialists in industrial
safety, environmental and occupational safety and
health;

e Effective training methods specialists in technical
specialties.
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2. Materials and methods

2.1. Review of information open sources
and their analysis

To study modern advances in industrial safety
management, to identify advanced methods of training
methods specialists in technical specialties, namely in the
field of industrial safety, environmental and occupational
safety and health, a systematic literature review approach
has been used. The review was conducted using Google
Scholar (as a freely available mechanism for web search
of scientific literature in a variety of formats and
disciplines of publication). For publications from 2017,
queries were asked through keywords and safety related
topics.

Searching mechanism used keywords were terms
reflecting OSH management system, namely:

1. in the text in which all the words are found:

e Recent advances in industrial safety, occupational
health, public, environmental and occupational
safety and health management;

e Requirements for specialists in the field of labour
protection and occupational safety and health.

2. 1in the title, in which there is an exact phrase:

e Occupational safety and health management;

e Education occupational safety and health.

More than 13800 works and 13900 works were found
on the first request, (Fig. 1) and 61 works and 3 works
were found on the second request (Fig. 2). Search results
for each query were sorted by sort by relevance. Further
the collected data were further reduced after the revision
in accordance with the keyword. The screened and
reduced materials again were sorted to the most
important data considering recent publications and
papers results. Finally, the resulting publication list was
also filtered out for literature purpose that is written
above, because it was difficult to include all documents
that made contribution to the field. At last, 43 articles
were selected for analysis.
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2.2. Relationship study hetween the student
learning approach and acquired competencies

By random sampling 1 year after studying the course
“Labour Protection”, students were certified to identify of
them competencies.

Questionnaires were developed, which contained 10
theoretical questions and 5 practical tasks on the course
“Labour Protection”.

Students were divided into 2 groups:

Group 1 — 68 people — this is a group in which the
practical training for students on the "Labour Protection”
course was performed without any laboratory equipment
(theoretically), that 1is, students performed various
calculations on paper, filled out tables, etc., while being in
a lecture room;

Group 2 — 44 people — this is a group in which the
practical training for students on the “Labour Protection”
course was carried out directly at the agro-industrial
complex enterprise (at existing workplaces), where
dangerous and harmful workplace environmental factors
influence a workers.
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Moreover, the curriculum for the course “Labour
Protection”, according to which students were trained and
certified in the semester, is the same for both groups.

A total of 112 students of the 3rd and 4th year of study
at the university were interviewed.

The results were processed using methods of
mathematical statistics, namely, using the mutual
contingency tables, the relations study between the
qualitative indicators of these groups was carried out.

3. Result and discussion

3.1. Recent advances in industrial safety.
Requirements for specialists in industrial
safety, environmental and occupational
safety and health

For given search queries the top positions are occupied
by studies that focus on assessing the level of injuries
(in various industries) and risk management [11-15]. The
authors propose risk management approaches to
occupational safety and health management. Such
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approaches are used in many countries, showing great

results in providing a safe working environment. At the

same time, one should know (or have an idea) about the
dangers that workers face in the workplaces of a certain
industry (in a particular enterprise).

The intensive development of nanotechnology for
various applications stimulates scientists to investigate the
safety of these materials throughout their entire life cycle.
Many of them consider the toxicological effects on humans
[16-18]. Of course, teaching students the rules of safety and
environmental control in the production of nanomaterials
or when working with them is an important component in
the preparation of a specialist. However, in conditions of
a very weak (or absent) laboratory base, without the
support of existing enterprises, it is impossible to give
high-quality knowledge and skills.

The agricultural industry is equipped with heavy
equipment, the work with which is associated with health
risks, the working environment in this industry creates
additional risks to the health of personnel due to the effects
of various emissions (for example, when working with
fertilizers). In the agricultural sector, all transport
equipment and a lot of professional equipment operates
using petroleum-based fuels and lubricants. Therefore, it is
important to convey to students the results of recent
studies:

e On the influence of factors harmful to human health and
the environment associated with the use of petroleum-
based fuels and lubricants;

e On improved research methods for assessing the
toxicity profiles of petroleum-based fuels and lubricants
for humans;

e On the complex mechanism of side effects caused by
petroleum-based fuels and lubricants, including the
formation of reactive metabolites [19].

It should be emphasized that similar work is carried out
at municipal solid waste management facilities [20,21].
At the same time, those who work in the field and at solid
waste management facilities are subject to high risk factors
(dust, garbage, animals and insects around the perimeter)
[20,21]. It has been established that these factors represent
the main danger to the health of personnel [20]. Therefore,
it will be appropriate to teach students a general assessment
of industrial safety, environmental and occupational safety
and health in accordance with new achievements in this
field [20,22,23].

Much attention is also focused on the microclimate
parameters and air quality under production conditions
[24,25].

Despite the fact that most countries have developed
labour protection policies, strategies and programs, the
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infrastructure, institutional and human resources for
implementing the strategies remain insufficient in most
countries (gap in implementation observed). This also
applies to Ukraine. Qualitatively, the content and
interdisciplinary nature of occupational safety and health
and safety comply with international recommendations, but
the coverage, completeness and content of services remain
largely incomplete due to lack of infrastructure and lack of
multidisciplinary human resources (capacity deficit) [26].

Given the rapid development of technologies in the
manufacturing sector, the development and implementation
of new materials, the often changing and improving
legislative and regulatory framework in the field of
industrial safety, environmental and occupational safety
and health, it is very difficult to systematize and give the
student the necessary knowledge.

Therefore, it is necessary to search for effective training
methods that contribute to obtaining professional
competencies in the field of industrial safety, environmental
and occupational safety and health. Further, the authors
understand competencies as the ability of an individual to
independently carry out certain works in compliance with
labour protection requirements, based on the necessary
knowledge, skills, and experience in this field [27].

3.2. Specialists training approaches
for technical specialties

One of the promising trends of student learning is the
use of geoinformation technologies [28]. The authors of
this article:

e have developed the principles of designing an
information environment for training based on
geographic  information technologies, which is
embedded in the general information environment of
the university;

e have revealed the features of the use of geographic
information technologies in non-core education,

e have developed the structure of the modules of the
learning environment based on geographic information
technologies and their content is described;

e have adapted the system of criteria for assessing the
effectiveness of the educational information
environment.

However, such training allows you to gain knowledge,
but not skills in a particular workplace. Consequently, the
student will not be sufficiently prepared for work after
graduation.

The authors of the study [29] conducted a series of
simulations in which it was consistently predicted how the
improvement of individual processes in the OSH
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management system affects overall safety indicators. It has
been proven that safety performance has increased most
significantly under the influence of improved leadership
processes. This proves that among all the processes in the
system, leadership has the greatest positive impact.
It follows that the formation of leadership qualities in
students along with professional skills is an integral part of
the learning process.

Important achievements are the results of the study
[30]. In this work, the authors found that there was no risk
associated with age, gender or level of education.
Moreover, the main cause of accidents is related to human
errors. They proposed designing specialized workshops
in a way that allows workers to use the protective elements
available to them, as well as more workers need to be
trained in safe working methods so that to minimize
negative impact if there is a rotation in the workplace. But
the authors of the study [31] point out that there are
changes in aging workers as a result of physical and
psychological processes and their possible impact on work
in connection with labour protection and the concept of
sustainable work and jobs. In addition, this article discusses
factors affecting the ability to work and productivity of an
employee in connection with the phenomenon of aging,
which must be reflected in the curriculum for the course
“Labour Protection”.

In accordance with the proposed vacancy [32], health
and safety engineer should be able to develop procedures to
prevent illness and injury to people and prevent property
damage. They must have knowledge of systems
engineering and health or safety to ensure that chemicals,
machines, software, furniture and consumer products do
not harm people or buildings.

Based on the analysis made, it can be seen that only at
the existing workplace can one consolidate the knowledge
gained during the theoretical study of the course and
acquire practical skills in occupational safety and health
management. And, therefore, for the acquisition of the
necessary competencies by future specialists, it is
recommended to conduct practical exercises at existing
enterprises.

3.3. The students’ certification results and the
identification of their competencies

Statistics results
During the survey, students were asked to answer 10
theoretical questions and complete 5 tasks that students
perform in practical classes in accordance with the
curriculum of the course “Labour Protection”, namely:
1. To create labour protection instructions for the
operator’s workplace;
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2. To check light level in the warehouse premises for
fertilizer storage;

3. To check noise level in the operator's cab;

To check dust content in the operator's cab;

5. To carry out the selection of respiratory protective
equipment for workers which fertilize the soil.
After processing the questionnaires

theoretical questions, the following was revealed.

In the first group of 68 people, 80% or more of the
correct answers were presented by 19 students (27.9%),
60%-79% of the correct answers — 24 students (35.3%),
other students' answers were unsatisfactory. In accordance
with the Ukrainian system of assessing knowledge, the
grade is "satisfactory"” (that is E according to ECTS) can be
awarded to a student if he scored 60 or more points on a
100-point assessment system. Therefore, it was accepted
that 25 students (36.8%) of the first group could not cope
with the task on the theoretical part of the course.

In the 2 group of 44 people, 80% or more of the correct
answers were provided by 15 students (34.1%), 60%-79%
of the correct answers — 23 students (52.3%), 6 students
(13.6%) of the second group did not coped with the task on
the theoretical part of the course.

After checking the implementation of practical tasks
established:

Group 1: 80% or more correctly completed tasks —
2 students (3.0%), 60%-79% — 23 students (33.8%), less
than 60% — 43 students (63.2%)

Group 2: 80% and more correctly completed tasks — 11
students (25.0%), 60%-79% — 25 students (56.8%), less
than 60% — 8 students (18.2%).

Comparative results are presented in Figure 3.

It should also be noted that the students’ number who
simultaneously successfully answered theoretical questions
and completed practical tasks is 23 students (33.8%) from
the first group and 33 students (75%) from the second
groups (Figure 4).

Consequently,  professional competencies  were
identified in 33.8% of graduates from those who studied
theoretically without any laboratory equipment, and in 75%
of graduates from those who had a close relationship with
the existing enterprise.

An interesting fact is that students of the second group
answered theoretical questions better than students of the
first group. However, the theoretical preparation (lectures)
for students of both groups was the same. From this we can
make the following assumption: conducting training
sessions to complete practical tasks at an existing enterprise
has a positive effect on students acquiring professional
competencies and there is a statistical relationship between
the grouping characteristics (qualitative indicators) that
were highlighted in this study.

&

regarding
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To confirm this assumption and study the relationship
between the selected quality indicators, we use conjugation
table [33].

Studying the tightness of the relationship between quality
characteristics of different groups

Since attributive characteristics were studied in this
study (that is, characteristics that have more than two
options and are expressed in the form of concepts or
names), to study the relationships, we used the combination
distribution of grouping units by two characteristics. This
distribution is presented as a conjugation table (Tab. 1).
In the Table 1 shows the distribution of 112 students
surveyed by two characteristics: training in a lecture room
(or in an existing enterprise) and the fact of the presence
(or absence) of competencies 1 year after studying the
course.

To measure the tightness of the relationship between
grouping characteristics, indicators such as the association
coefficient K 5g and contingency coefficient Kyont were

used [33].
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Table 1.

Mutual conjugation of attributive characteristics for two groups

Students number who do not
have professional competencies

Attributive characteristics

Total number of
students surveyed

Students number who have
professional competencies

Training sessions that were held

S . 11 33 44
at an existing enterprise
Training sessions that were held
in the lecture hall (without any 45 23 68
laboratory equipment)
Total number of students 56 56 112

surveyed

The association coefficient K ,g was determined by the

formula:

11:23-33-45 _

=—— =-0.71.
11-23+33-45

AS
The contingency coefficient Kgony Wwas determined

by the formula:

11-23-33-45

=-0.40.
11+33)-(45+23)-(11+45)-(33+23)

Kkont = 7

The relationship is considered significant enough and
confirmed if, if the conditions are met [33]:

[K as|>0.5 and [Kgont|>0.3.

Thus, the results of the calculation show a fairly close
relationship between groups with a visit to existing
enterprise and acquired competencies.

In this regard, for universities with a weak material base
and insufficient laboratory equipment, it is possible to
recommend that laboratory work and practical tasks, which
are planned in the curriculum of the course, be carried out
at workplaces of existing enterprises. Herewith:

e First of all, trips to organizations (institutions) with
a slight negative impact on the employee health and
institutions that monitor working conditions should be
planned. Such organizations include industry training
and research laboratories, organizations that provide
audit services in the field of occupational safety and
health, etc;

e The second stage is a gradual acquaintance with the
work of research institutes that will draw the students’
attention to modern problems in the field of
occupational safety and health and methods for solving
these problems;

Research paper ,

e The third stage is a direct visit to operating enterprises
and the working conditions study (identification of
harmful factors and measurement of their parameters,
establishing a dangerous border for these factors
influence, etc.) at the particular workplace.

This specialist learning approach in the field
occupational safety and health provides student acquisition:
e Knowledge — understanding, preservation in memory

and the ability to reproduce occupational safety and

health requirements (laws, rules, instructions, etc.) and
other information required to perform the function of
health and safety engineer.

e Skills — the employee’s possession of safe methods
and techniques for performing work (work
organization), identify and correct potential hazards
by inspecting facilities, machinery, and safety
equipment, review employee safety programs and
recommend improvements, maintain and apply
knowledge of current policies, regulations, and
industrial processes, etc.

e Some experience — the totality of knowledge and skills
practically acquired while studying at university
necessary for safe work performance and/or it
organization, for identify hazards and assess the hazards
risk.

These criteria are the main
competencies.

It should be emphasized that the recommendations
presented can be applied not only for the health and safety
engineer training, but also for the production workers
training that will increase their culture in this field of
knowledge and reduce the injuries and morbidity rates.

components  of

4. Conclusions

Summing up the results of this study, several key
findings were highlighted:
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. Certification of

. Mathematical

1. Rapid progress is observed in the technical support of

industrial safety, environmental and occupational safety
and health, in the OSH management system and in
modern specialists training methods (including use of
geoinformation technologies). It was revealed that
leadership in the OSH management system has the
greatest positive impact, and therefore, it is necessary to
form leadership qualities among students along with
professional skills. In addition, the most common cause
of accidents is related to human errors, and therefore,
more workers need to be trained in safe working
methods. Such training is possible in specialized
workshops (they are not available at low income
countries due to poor funding) or in existing enterprises.
students on the course "Labor
Protection" 1 year after studying the course showed that
professional competencies were identified in 33.8% of
graduates from those who studied theoretically without
any laboratory equipment, and in 75% of graduates
from those who had a close relationship with the
existing enterprise. Besides, students that had a close
relationship with the existing enterprise answered
theoretical questions better than students of the first
group, but the theoretical preparation (lectures) for
students of both groups was the same.

processing of statistics showed a
relationship between the student learning approach in
the occupational safety and health field and acquired
competencies. This is justified by the association

coefficient |KAS| = 0.71, which is more than 0.5, and

contingency coefficient |KKONT| = 0.4, which is more

than 0.3. Therefore the training of highly qualified

specialists in the field of industrial safety and labour

protection is impossible without constant cooperation
with existing enterprise.

. Providing a continuous connection with production,

a qualified specialist can be trained focused on ensuring

and managing industrial safety, occupational health,

public, environmental and professional health, since
graduates already have:

e Knowledge in the field of ensuring and managing
industrial safety, occupational health, public,
environmental and occupational health;

e Work experience in the production environment
(unlike graduates who studied at university
laboratories using outdated equipment);

e Practical skills in using modern equipments and
methods for solving problems in ensuring industrial
safety and OSH management.

Volume 95 - Issue 1 « July 2019

Industrial enterprises that need specialists with work
experience have the opportunity to select the most
capable students from those who perform laboratory
classes according to the instruction of the teacher at the
enterprise.
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