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Foreword 
 

9th International Conference System Safety: Human - Technical Facility - Environment 

CzOTO 2020 is an international Conference organized and hosted annually by the 

Quality and Production Managers Association, in Poland. The 9th edition took place 

between December 14th , 2020, in virtual form. This international event gathered a large 

group of people interested in system safety and was an excellent forum for exchanging 

knowledge and experiences between scientists and practitioners. 

 

The main aim of the conference is to create an international interdisciplinary platform, 

gathering together scientists and practitioners from different countries. The 

conference’s topics cover various aspects of safety in the enterprise: from material 

safety (input of the production system), through process safety and product safety 

(output of the production system), to soft elements such as employee safety and work 

humanization.  

Conference topics included: 

− Health and safety management systems, 

− Technological safety, 

− The role of the human factor in occupational health and safety management systems, 

− Safety of technical facilities operation (safety engineering), 

− Environmental safety management, 

− Safety management of products and services, 

− Management of occupational risk, 

− Economical aspects of occupational health and safety, 

− Legal aspects of health and safety at work, 

− Safety in material engineering, 

− Safety in civil engineering, 

− Product quality and user safety, 

− Safety logistics, 

− Safety in innovation and their transfer, 

− Knowledge and information management. 

 

This edition has extended the thematic scope to include the safety area resulting from 

the epidemiological situation (in the era of COVID-19). The Conference participants, 

also, drew attention to safety in the industrial transformation 4.0 not only in the aspect 

of digital / information safety but also work safety in the relation: human - information - 

machine / system. 

The conclusion, summarizing the conference, is that: the epidemic situation in the world 

requires the introduction of additional safety management rules, also Industry 4.0 

intends to redefine the workspace so that it can respond almost immediately to 

changing requirements. It brings new challenges and introduces new risks. Sudden re-

configuration of production areas, including very fast tool changes and physical 

movement of equipment, can pose a range of challenges for work safety, while a very 

large number of configurations that can be implemented to meet potential customer 

requirements may require the implementation of risk assessment separately for each 

of them. The above statement will be the starting point for the next edition of the 

conference. 



SYSTEM SAFETY: HUMAN -TECHNICAL FACILITY - ENVIRONMENT, CzOTO                                          X 

 

 

During the Conference, five thematic sessions were held during which Conference 

Participants had the opportunity to present the results of their latest research in the field 

of safety and related sciences. There presentations have become the basis for the 

development of a set of 43 scientific papers in form of the conference proceedings 

(System Safety: Human - Technical Facility - Environment - CzOTO 2019, vol. 2, Iss. 

1, https://content.sciendo.com/view/journals/czoto/2/1/czoto.2.issue-1.xml), and the 

authors of the papers came, among others, from Poland, Slovakia, Czech Republic, 

Slovenia, Ukraine, Serbia, USA, United Kingdom. 

 

Manuscripts were received online and initially evaluated by the Scientific committee to 

ascertain if they fit within the conference topics. Then all accepted manuscripts were 

double-blind-peer-reviewed. At the end, the authors were informed about their papers’ 

acceptance or necessary revisions, (papers could be accepted as they were submitted, 

accepted with minor or major revisions, rejected). The evaluation process takes into 

consideration both the scientific content and the topics addressed, which have to fit the 

Conference framework. Technical editors were supposed to ensure that the accepted 

papers were accurate and easily readable and that they respected the editorial and 

publishing standards. All information about the Conference CzOTO are available on: 

https://www.qpij.pl/BHP. 
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Abstract: 

The paper describes selected issues related to knowledge management in a manu-

facturing company with a detailed analysis of the impact of optimal management us-

ing the MES system on financial and production results. The study presents an analy-

sis of the company’s results before and after the implementation of the knowledge 

and information management system in a manufacturing company. Moreover, the 

paper presents an analysis of the company’s operations and defines a strategy for 

further activities aimed at increasing the financial and operational efficiency of the 

analysed production company.  

Keywords: Failure management, Reengineering, Manufacturing Execution System 

(MES), Overall Equipment Effectiveness (OEE) 

 

 

 

1. INTRODUCTION Knowledge management is a process that allows the use, crea-

tion and dissemination of knowledge for tasks related to the implementation of organi-

zational goals. During the introduction of IT systems, the analysis of “dry” data and 

information was started, which allowed facilitating and improving the effectiveness of 

decision-making processes in companies. The next step in the development of enter-

prises was the introduction of an additional level, which increased the efficiency of 

information management – knowledge (Biznes, 2007; Szabó and Csepregi, 2011).  

The main assumptions of increasing the efficiency of information management were 

the use of employees’ knowledge contained in their minds resulting from their talents 

and professional experience acquired during many years of work in the enterprise – it 

was the so-called hidden knowledge. On the other hand, information that could be-

come a source of knowledge for new employees employed in the organization was 

prepared in the form of, for example, descriptions, solutions to unusual problems, 

notes from meetings – it was open knowledge.  
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Companies after introducing such solutions as TQM (Total Quality Management), 

downsizing (Polish: Reducing the size of any element), reengineering (Polish: recon-

struction), benchmarking (Polish: comparative research or comparative analysis) be-

gan looking for solutions that will provide an impulse to increase their position among 

competitors.  

The basic problem that emerged with the classical approach to knowledge manage-

ment was the difficulty in objectively viewing the accounting for intangible resources of 

the enterprise and presenting them in the balance sheet. The conditions changed 

radically at the turn of 2011÷2013 with the emergence of a new area of financial ac-

counting: accounting of competency assets and intellectual capital.  

There was then a shift in the perspective of theory related to accounting towards in-

tangible resources of the company and it became possible to create formal economic 

information bases for managing this resource (Grudzewski and Hejduk, 2018; 

Niemczyk, 2013). 

Organizations are currently struggling with the problem of the optimal use of previous-

ly gained employee experience in a wider scope. Problems and dilemmas that arise 

during design and production should be properly recorded and archived to avoid 

complex analyses when problems reoccur. The answer to the above question ap-

peared also thanks to the development of modern information and communication 

technologies, which in most cases became the main pillar in knowledge management. 

Companies involved in the design and programming of computer applications present 

solutions based on creating databases that allow archiving the acquired knowledge 

and information in such a way that other people can remotely connect to the database 

and use the collected resources. The benefits that can be achieved using the 

knowledge and information management methodology relate to three entities: em-

ployees, enterprises and the market.  

At the enterprise level, the following benefits can be defined: increase in creativity, 

enterprise development, reduction of management costs, increase in management 

effects. Referring to employees, the obtained benefits are: self-fulfilment, self-

development, increase in competences and performance, increasing the employee’s 

competitiveness on the labour market. Benefits defined in relation to the market are: 

understanding customer needs, information exchange, ideas for new services and 

products. This applies to both business partners and competitors. The result of the 

implementation of the proposed solutions is the creation of an effective management 

system, which consists of a new company culture and strategy, the pillar of which is 

primarily knowledge (Brillman, 2002; Kisielnicki, 2004).  

Three models should be used in a knowledge management system (Stabryła, 2012): 

1. Japanese model. This model is based on tacit and formal knowledge and the 

authors of this model are: I. Nonaka and H. Takeuchi. 

2. Stock Model. The creator of this model is D. Leonard Barton. He argued that 

for the efficient functioning of the system, there should be a relationship be-

tween five elements: employee knowledge and skills, management system, 

experimenting, using new technology, joint solution.  

3. Process Model. This model is based on studies and practical experience. In 

this assumption, three key elements of knowledge management are distin-

guished: knowledge creation process, knowledge codification process, 

knowledge transfer process. The authors of the model are: T.H. Davenport 

and L. Prusak.  
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2. SELECTED ISSUES RELATED TO KNOWLEDGE MANAGEMENT  

Selected issues related to knowledge management in manufacturing companies, such 

as TQM and downsizing, are presented and explained below.  

TQM (Comprehensive Quality Management) appeared at the turn of the 1970s and 

1980s in the United States and began to be “fashionable”, but the origins of TQM 

should be sought already in the 1920s in Walter Shewhart’s research on the static 

description of variability in production. TQM is a type of quality management ideology 

based on continuous improvement and evaluation of all elements of the organization. 

All employees are involved in this process through teamwork, commitment and con-

stant improvement of professional qualifications. The aim of the presented activities is 

to achieve long-term success, the source of which is customer satisfaction, benefits 

for the organization and society. The pillars of comprehensive quality management 

are presented below (Glosariusz, 149; Matusiak, 2011). 

Pillar I  

Commitment of all employees of the company to the improvement of the smallest 

aspects of the business.  

Pillar II 

Process optimization. The use of understandable and universal machines and tools 

that can be easily and quickly changed, thus maximizing the availability time for 

production.  

Pillar III 

The main aspect of most quality problems is inadequate company management, 

motivation. Only a few percent of errors are caused directly by employees at the 

production machine.  

Pillar IV 

Achieving success through the use of TQM is delayed in time, because only the 

long-term use of the methodology will bring an advantage over the competition.  

Downsizing is another popularly used tool. It consists in reducing the weight (im-

portance) or quantity of products in the package, or optimizing the more expensive 

ingredients in the product or device while maintaining the same price. A good exam-

ple of the use of downsizing methods is in the automotive sector. It consists in replac-

ing large (heavy) elements with others of smaller weight or capacity while maintaining 

the same parameters thanks to components such as compressors or turbochargers. 

The advantages of using the described method are lower mass of the produced ele-

ment, lower emission of pollutants and high torque available from moderate revolu-

tions and economic performance characteristics. In practice, however, opinions on the 

application of the described method in engines differ, because these engines were 

characterized by high exhaust emission and low service life, which also led to a partial 

retreat from this path in the production of drive units in the mid-2010s on the basis of 

the data about falsifying combustion reports.  

3. KNOWLEDGE MANAGEMENT IN MAINTENANCE DEPARTMENTS BY 

APPLICATION OF APPROPRIATE SYSTEMS  

The main elements that define the production capabilities of enterprises is the availa-

bility and reliability of the machine park. The indicators that allow determining and 

monitoring the current condition, technical condition of the machine park and the ef-

fectiveness of the operation of technical departments are MTTR, MTBF, MTTF (Bodył, 

2016; Wojtkowiak):  
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MTTR (Mean Time To Repair) – average repair time from the moment of failure to 

repair of the damaged device. On the basis of this indicator, the effectiveness of 

technical services can be determined. If the average time of failure removal is high, 

it may mean that employees of technical departments do not have sufficient compe-

tences, available tools or spare parts needed for efficient failure removal. If the 

MTTR indicator exceeds the assumed value, the root cause of the problem should 

be identified immediately and corrective actions implemented.  

MTBF (Mean Time Between Failures) –  the average time between failures (uptime) 

using the above indicator, it is possible to plan preventive actions for specific parts 

in the machine. According to the rule, it should be assumed that preventive re-

placement of parts occurs every 85% of MTBF, it is obviously a rule that is only a 

standard determinant, while each company should define its standard adapted to 

the specificity of production and machines. This indicator allows defining the effec-

tiveness of the performed preventive actions. If it is at a high level, it means that the 

TPM activities carried out bring the expected results. However, if it is at a low level, 

the inspection plan and the conscientiousness of their implementation should be 

verified.  

MTTF (Mean Time To Failure) –  the average time to failure is defined on the basis 

of the device operation time from the beginning of its operation or from the last re-

pair to the first failure.  

The three most important indicators above should be monitored in the maintenance 

department in order to correctly define the actions taken and determine their effec-

tiveness. At this point, the question arises: how to raise the knowledge of technicians 

and engineers so that they can fully carry out their tasks?  

Apart from specialized training and exchange of experiences, an important element 

that will allow the achievement of indicators at the desired level is knowledge man-

agement in the organization. In today’s world, staff shortages and high employee 

turnover are a major problem. A good solution to the problem presented above is to 

create a database that will describe the course of the failure along with the results of 

the carried out work. During the failure, the employee operating the machine enters 

this information into the supervisory system (e.g. in the CMMS system presented be-

low), at the same time the technical department receives information (it appears on 

the computer or telephone) about the problem, along with the defined place and time 

of occurrence. This allows for a quick reaction and start of work. After the operation is 

completed, the maintenance worker is obliged to “close” the failure in the system by 

specifying the time of ending the failure and a description of actions taken during the 

repair. This allows the management to monitor the status of technical staff activities 

on an ongoing basis, monitor indicators (they are calculated automatically on the ba-

sis of entered information) and create a database of failures (Horodecki, 2016; Glo-

sariusz, 86).  

Anyone who has access to the described database of failures and in the event of 

a similar problem in the future will be able to search for it by entering keywords and 

familiarize themselves with the procedures applied to remove the failure. Thus, there 

will be a real possibility of reducing the machine repair time and increasing the pro-

duction capacity. It will also be possible to use “go-pro” cameras, which will allow vis-

ualizing the actions taken and saving them on the company’s server. In addition to the 

full description of the steps taken, the technician will also be able to see the video of 

the previous event. This is additional information for the technicians, which will allow 
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them to improve their competences and eliminate the failure in the shortest possible 

time (Mączyński, W., 2011; Marchwiński et al., 2010).  

The next step that allows enterprises to improve their production capacity is the use of 

the TPM (Total Productive Maintenance) method. It is a method originating in Japan, 

which allows ensuring maximum efficiency of machines and devices. TPM should be 

divided into two levels: 

I – Performed by the operator and II – performed by technical services. This method is 

based on planned machine stops in order to perform inspections, which will allow for 

failure-free operation until the next inspection. An important element in the application 

of this tool is the training of operators from the correct performance of the inspection 

activities contained in the inspection plan, which is prepared on the basis of the op-

eration and maintenance documentation. It is well-known that an experienced opera-

tor who has knowledge and extensive experience in the operation and operation of a 

particular machine is not always available, so the question arises, how to quickly and 

effectively perform a particular activity?   

When creating inspection plans, the person responsible for carrying out such inspec-

tion should prepare a detailed plan based on the technical documentation provided by 

the manufacturer and the gained experience. The next step should be the perfor-

mance of all activities by the person who creates the instructions using a camera 

mounted to the helmet in such a way that all activities performed by the Engineer are 

clearly visible and understandable to all people watching the recorded video.  

After completing the described activities, a detailed description of the performed task 

should be prepared and a film attached to it. Fully prepared documentation with 

a video should be an integral part of on-the-job training for the employee operating the 

machine and the technical staff who perform the inspections. Documentation should 

also be hosted on a server that can be easily found by the employees at any time 

during their work they could read the inspection instructions and the instructional vid-

eo (Misiurek, 2017; Seiichi, 1988).  

Such a database allows us to correctly manage knowledge in the enterprise, which 

translates directly into the improvement of production results by reducing downtime of 

machines and devices, and ultimately has a measurable impact on the financial result 

(Misiurek, 2015).  

 

4. APPLICATION OF MES SYSTEMS BASED ON amiMES  

MES systems (Manufacturing Execution System) (Fig. 1) is a system of information 

and communication of production areas. The described systems, using software, IT 

technologies and automation elements, allow for effective data collection (Fig. 2) in 

real time, directly from production machines along with their transfer to the business 

area. With the help of the MES system functionality, it is possible to get an immediate 

feedback signal about the current production performances in order to react appropri-

ately and make efficient decisions (Graham, 1996; Willmott and McCarthy, 2001).  

The information obtained from the system allows for a detailed analysis of key indica-

tors (KPI) for production, such as e.g. MTTR, MTBF, MTTF and obtaining the current 

picture and using the full production capacity. The view of the data obtained and pre-

sented by the MES system supports the decision-making processes of the manage-

ment and helps in achieving the appropriate results.  

 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO 6 

 

 
 

Fig. 1. The principle of operation of the amiMES system (www.amister.pl) 
 

 
 

Fig. 2. Concentration points of the amiMES system (www.amister.pl) 

 

5. BENEFITS FROM THE APPLICATION OF KNOWLEDGE AND INFORMATION 

MANAGEMENT SYSTEMS IN AN ENTERPRISE BASED ON amiMES  

The advantages of using the above-described production support systems are the 

adaptation of information with the means of its transmission to selected groups of re-

cipients, layered data acquisition, flexible approach to system design, because it is 

the user who decides what data should be monitored (determining the validity of the 

presented information), mobile access to real-time data via the cloud or VPN. The key 

element in the presented process is inference that accelerates the decision-making by 

the user, which enables a simplified access to information (Hamrol, 2015).  

The process that enables a quick response to problems arising on the production line 

is the ability to monitor the parameters of production processes in real time. The user 

analyses the data presented in an appropriate manner and on their basis can take 

appropriate steps to protect the production against quality defects or permanent dam-

age to production machines and devices (Fig. 3; Fig. 4) (www.amister.pl).  

 

amiMES

KPI

Amount

Genealogy

Production in 
progress

Standardization 
of information

Planning
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Fig. 3. Production indicators presented in real time (www.amister.pl) 

 

 

 
Fig. 4. Reporting available from the browser (www.amister.pl) 

6. CONCLUSIONS 

http://www.amister.pl/
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The analysis of the literature and research on available solutions were aimed at de-

termining the usefulness and checking the effectiveness of knowledge and infor-

mation management in manufacturing companies. Based on the research, the follow-

ing phenomena were identified:  

The elements of the comprehensive implementation of the amiMES system were de-

fined:  

 definition of problems presented by users,  

 determining the scope of MES implementation on the basis of analyses carried 

out in the enterprise, 

 defining process elements and designating responsibilities,  

 network architecture analysis and modernization options,  

 determining the possibilities of integration with external systems,  

 separation of batches and production orders,  

 division into storage and non-storage units,   

 designating data collection points,  

 data archiving,  

 correlation of actual data with the standard,   

 real-time visualization of key parameters,  

 creating the right model, 

 application tests,  

 data collection from ERP,  

 data connection between layers and correlation with MES,  

 creating defined reports,  

 execution of a test report before automatic synchronization with ERP, 

 identification of data sources,  

 data feeding of other systems in the plant.  

The analysis was performed and the functionality of the tested system was confirmed:  

 reporting of production in progress,  

 linking intermediates with raw materials,  

 real-time performance image of a particular area,   

 determination of raw material productivity,  

 minimization of machinery and equipment downtime,  

 optimal use of production units,  

 manager cockpit with a preview of the current work status.  

The implementation of the presented systems and solutions for knowledge and infor-

mation management in the enterprise will allow approaching the Overall Equipment 

Effectiveness (OEE) at the level of 85% (World Class Level). To achieve such results, 

we need to achieve the parameters at the level (Hamrol, 2015; World-Class OEE):  

o availability of 90.0%,  

o efficiency of 95.0%, 

o quality of 99.9%, 

o 90%x95%x99.9%=85% OEE 

o 60% - Average OEE for typical production plants   

In order to determine further development possibilities of the described system, it 

would be necessary to conduct research in a dozen or so production plants where it 

was implemented and to compare the OEE results per year of each plant. If there are 
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differences in the tests, an analysis and comparison of the operating environment of 

the systems should be performed to determine the reasons for the differences. On 

this basis, it is possible to define further modernization activities of the system, lead-

ing to the improvement of this solution and increasing the efficiency of factories.  
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Abstract: Protection of the head structures is a requirement in many sports where 

a person is exposed to injuries that threaten life or health. In horse riding accidents 

occur often, resulting in serious head injuries. The analysis of the available literature 

shows that the helmets used now protect human head structures in a small 

percentage. The aim of the research was to analyze the degree of protection of the 

human head using available helmet structure and a new solution for the Energy 

absorbing layer in helmet that absorbs Energy from impacts. The research was 

divided into two stages. During the first one, a simulation was performer under 

dynamic conditions simulating the rider’s fall and the contact of the head with ground 

(impact from the side). In the second stage, three structures of the absorbing layers 

were developed, i.e. honeycomb, auxetic, mixed with three three wall thicknesses (1 

mm, 2 mm and 3 mm respectively) and two materials were used: the currently used 

EPS and the aluminium alloy used in the motorcycle helmet.  

Keywords: head injuries, equestrian helmet, honeycomb 

 

 

 

1. INTRODUCTION 

Equestrian – Related Injuries (ERIs) mostly involve human’s head, neck and spine 

but also fractures of the limbs and injuries to the chest. In 2018, an analysis of 7,815 

riding-related injuries in Sweden was conducted (Meredith et al., 2018). Among all 

reported persosn 19,2% of riders suffered head injuries. 56,3% of those injuries 

involved soft tissue, 33,4% - concussions, 7,9% - fractures or dislocations. The 

remaining injuries involved tears of the jaw muscles or craniofacial injuries (nose 

fracture, injuries to the lips and mouth). The most common brain injuries include: 

intracranial hematoma, subdural hematoma and intracerebral hematoma. Due to the 

high risk of head injuries that could endanger the health and life of riders it is required 

to protective helmets that must meet safety standards (Europe – EN 1384 and EN 

14572). In many equestrian disciplines lack of a helmet at competitions disqualifies 
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the competitor and for recreational riding are determined by the stud (people under 

18 have to wear helmet). 

Currently used helmets are designed to protect the head against injuries caused by 

sharp objects and to absorb the energy generated as a result of an impact. The 

construction of riding helmets consists of three layers: the outermost one is rigid, thin 

shell; the innermost one is a lining that ensures comfort while using; between them is 

an energy – absorbing layer. During an impact, the filling in the helmet is deformed 

so the helmet should be replaced after the slightest impact. The deformed layer does 

not fullfil its task. The most commonly used material for the outer coating is ABS 

(acrylonitrile butadiene styrene copolymer). Acrylonitrile is responsible for the 

increased mechanical and chemical resistance of the material, styren eis responsible 

for strength and quality, polybutadiene rubber provides high impact strength and 

resistance to dynamic loads. The damping layer is usually made of EPS material 

(expanded polystyrene). It provides shock resistance and vibration reduction. The last 

layer is a lining, usually made of velvet, which makes the helmet comfortable to use. 

Some helmets have a layer of rubber or leather on the outside of the helmet for an 

aesthetic function. 

 

2. METHODOLOGY 

The research was divided into two stages in which dynamic load analysis was applied 

using Ansys 16.2 Workbench Explicit Dynamics. In the first stage a simple helmet 

model was created based on structures available on the market. The test models were 

developed in Solidworks. The model of the helmet was made of three layers: a rigid 

outer layer made of ABS material, a damping layer made of EPS foam and an inner 

boundary layer made of velvet. The human head model contained such structures as 

skull, brain, meninges and cerebrospinal fluid. Material parameters were assigned to 

individual model elements in Ansys 16.2 Workbench and are presented in table 1. 

 

Table 1 

Parameters of structures of model 

Model structure  Material data 

Skull Ρ = 2 g/cm3 

E = 15 GPa, v = 0.22 

Brain ρ = 1.1 g/cm3 

E = 0.0667 MPa, v = 0.48 

Meninges and cerebrospinal fluid ρ = 1 g/cm3 

E = 2.2 GPa, v = 0.499 

Riding 

helmet 

Outer rigid layer (ABS) 
ρ = 35 kg/m3 

E = 11.8 MPa, v = 0.01 

Energy absorbing layer (EPS) 
ρ = 50 kg/m3 

E = 27.1 MPa, v = 0.01 

Inner boundary layer 
ρ = 22kg/m3 

E = 5.1MPa, v = 0.3 

Source: (Kleiven, 2009; Caserta, 2012) 
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The rider’s center of gravity while riding a horse can be estimated at height of about 

2 meters above the ground. A direct downward fall from a horse occurs at a speed of 

6 m/s in the case of a horse walking calmly. For a galloping horse, the fall speed is 

increased by an additional 12 m/s. In the tests, the speed was declared at 6,3 m/s 

and a load of 5 kN was applied at 650 ms (Bourdet and Willinger, 2015). The 

calculation was completed at 1 second. BONDED linear contacts were used between 

the physiological structures in the model, while ROUGH contacts were used between 

the skull and the helmet. The second stage of research was to develop simple models 

(cubes) that were the segment of an equestrian helmet, skull, meninges and brain. 10 

geometric models were developed. In 9, the geometry of the damping layer 

(honeycomb, auxetic, honeycomb – auxetic), materials from which they were made 

(EPS and aluminium alloy) and the wall thickness of the geometric elements of the 

core structures were changed. 

 

 
Fig. 1. Models' core structures: A - honeycomb, B - auxetic, C - honeycomb – auxetic 

 

 

Fig. 2. Sample of cube model: A – rigid outer layer, B – energy absorbing layer, C – inner 
boundary layer, D – skull, E – meninges, F - brain  

Figure 1 shows the example of structures of Energy absorbing layers and figure 2 

shows cube used in second stage of the research. Table 2 shows pamareters of 

materials used in analysis. 

 

Table 2 

Mechanical properties of energy absorbing layers 

Energy absorbing layer  Material data 

EPS ρ = 50kg/m3, E= 27.1MPa, v = 0.01, thickness: 10 mm 

Aluminium – based material ρ = 2730kg/m3, E = 68.9GPa, v = 0.33, thickness: 10 mm 

Source: (Caserta, 2013) 

A 

B 

C 

D 
E 

F 
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3. RESULTS 

The result of the first simulations was the distribution of stress and deformstions in 

brain structures, which resulted from the rider falling off the horse and hitting the 

ground with the side part of the head. The obtained values of stress did not exceed 

5,06 MPa but it is the value that causes brain damage. Accodring to the literaturę data 

presented in the table 3, stress values that do not damag the brain do not exceed 10 

kPa. 

 

Table 3 

Stress values affecting the brain 

Values of stress damaginf brain 

≥11kPa – brain damage  (car accident) 

>7 - 8.6 kPa – injury 

≥20kPa – mild brain trauma 

15–20 kPa – trauma - concussion  

>27kPa - 50% probability of moderate failure 

>39kPa - 50% probability od severe damage 

>18kPa - 50% probability od moderate neurological changes   

>38kPa - 50% probability of severe neurological changes 

≥26kPa – axonal damage 

Source: (Zhou et al., 1995; Miller et al., 2002; Newman, 1986; Willinger and Baumgartner, 

2003, 2005; Baumgartner et al., 2001; Deck and Willinger, 2008) 

 

Obrained strain values did not exceed the value of 1,1 mm/mm which indicates brain 

damage according to the literature wich indicates that brain injuries start from the 

value of about 0,15 mm/mm. Literature data was shown in table 4. 

 

Table 4 

Strain values affecting the brain 

Values of strain causing brain damage 

>0,25 – structural brain damage 

>0,20 – brain dysfunction 

<0,10 – reversible brain damage 

>0,188 – formation of hematomas 

>0,14 - 25% probability of mild brain injury 

>0,19 - 50% probability of mild brain injury 

>0,24 - 80% probability of mild brain injury 

≥0,18 – axonal trauma 

 Source: (Galbraith et al., 1993; Shreiber et al., 1997; Zheng et al., 2004; Deck and Willinger, 

2008) 

 

Thanks to the first simulation it was possible to obtain information about lack of 

protection of the currently used equestrian helmets. Therefore, the second stage of 

research was carried out to illustrate the possibility of using a different structure of the 

damping layer, which would improve the protection of the head structures.  

Figures 4 – 7 shows the stress and strain values of chosen structures: currently used 

layer made of EPS, honeycomb structures (thickness of the walls of cells – 1 mm) 
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made of EPS and aluminium based material, auxetic structure (thickness of the walls 

of cells – 1 mm) made of EPS and aluminium based material. 

 

 
 

Fig. 3. Stress and strain values for the currently used energy absorbing layer structure made 
of EPS 

 

 
 

Fig. 3. Stress and strain values of honeycomb structure (1 mm thickness, made of EPS) 

 

 
 

Fig. 4. Stress and strain values of auxetic structure (1 mm thickness, made of EPS) 
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Fig. 5. Stress and strain values of honeycomb structures (1 mm thickness, made of 
aluminium - based material) 

 

 
 

Fig. 6. Stress and strain values of auxetic structure (1 mm thickness, made of 
aluminium - based material) 

 

4. DISCUSSION 

In the literature on the the statistics of injuries among riders, it is oftenshown that 

despite the use of head protection measures, i.e. an equestrian helmet, brain injuries 

occure in riders. The simulation confirms that currently used riding helmets, in which 

the damping layer is made of solid EPS foam, do not fully protect the user’s head. 

The obtained distributions of stresses and strains of the human brain, compared to 

the literature data, show the possibility of brain injury.  

In the second stage of the research in the simulation the structures of honeycomb, 

auxetic and mixed were used. In the available literature we can find the use of thoses 

layers in military helmets. In these helmets, the honeycomb and auxetic structures 

exhibit high impact damping properties, therefore they were used in the research. The 

simulations showed these structures are much better at absorbing the Energy caused 

by the rider falling off the horse and hitting the head against the ground. Research 

has shown that these structures can be implemented in equestrian helmets, which 

will significantly reduce the amount of brain injuries among riders. 
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5. CONCLUSION 

The paper presents a numerical model of the head structures including skull, brain 

and equestrian helmet. This model was used to dynamically simulate the rider’s fall 

from the horse and hitting the head against the ground. The obtained results indicate 

the possibility of brain injury as a result of a fall. These tests were an introduction to 

the second stage, in which new damping structures were used which showed greater 

possibilities of absorbing Energy caused by hitting the head against the ground. 

Research has shown that equestrian helmets can be modified to provide greater 

protection to the rider. The use of honeycomb or auxetic structures in the attenuating 

layers of equestrian helmets can reduce the percentage of brain injuries among riders. 

The research also investigated the possibility of using a different material for the 

damping layer. The use of aluminium – based material clearly influenced the 

attenuation capabilities of the layers. They can ba an introduction to further research 

on the use of other materials that can significantly improve the damping properties 

and minimize nrain injuries occurring among riders. 
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Abstract: Artificial neural networks (ANN) are a powerful tool in the decision-making 

process, especially in solving the complex problems with a large number of input data. 

The possibility to predict the work-related injuries in the underground coal mines, based 

on application of the neural networks, is analyzed in this work. the input data for the 

network were obtained based on a survey of 1300 respondents. After analyzing the 

input data influence on the network output, 14 most influential inputs were selected, 

with help of which the network correctly predicted whether the worker would suffer the 

work-related injury or not, with 80% precision. The two models were developed, based 

on the multilayer perceptron (MLP) and radial basis function (RBF) networks. The two 

models' results were compared to each other. The sensitivity analysis was used to 

select the most influential parameters, like mine, age of miners, as well as their work 

experience. The parameters were further analyzed by use of the descriptive statistics. 

The selected parameters are direct indicators of problems that can cause injuries. The 

obtained results point to the fact that the work-related injuries can be successfully 

predicted by application of the artificial neural networks. The proposed models' 

importance is reflected in the clear indicators for enforcing the stricter occupational 

safety and organizational measures in order to reduce the number of work-related 

injuries in underground mines. 

Keywords: mining industry, safety, work-related injuries, artificial neural networks 

 

 

 

1. INTRODUCTION  

Research in the area of the work-related injuries, conducted so far, clearly point to the 

fact that some of the causes of injuries are more frequent than the others and that, 

based on frequency of their appearance, certain groups of injuries can be singled out. 

In creating the model for the work-related injuries analysis and prediction, one has to 

find the right combination of the influential factors and causes that are contributing to 
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workers being injured. The injuries prediction has a complex structure, since 

appearance of an injury can be influenced by a completely subjective situation that 

happened to the worker on the way to work and because of which he was not 

concentrated enough that day. During the study of the work-related injuries in the 

mining industry one has to take into account all the available data from as many sources 

as possible and discover the hidden risks like the social, psychological etc. 

The objective of this research was to define causes of injuries and single out the most 

important factors, to be able to formulate the input data for the model of the work-related 

injuries. The problem appears in defining the adequate set of the input data on the 

nature of workers' injuries. This is a multifold complex problem. The outcome of the 

injury is being influenced, to the great extent, by some generally know transparent 

factors, like worker's age, sex, work experience, organization, working environment, 

duration of exposure to a potentially risky situation, as well as some less transparent 

factors, like the social, mental and even cultural parameters.   

If one considers the prediction from the aspect of predicting the events that are 

potentially dangerous to safety and health of the employee, it is becoming especially 

important, since the work-related injuries prevention is a priority in any company's 

business. In analysis of the work-related injuries, majority of employers rely on expert 

opinions of persons in charge of the occupational safety and on analysis of the 

statistical data. The expert opinions obviously have an important role in evaluating the 

occupational safety, however, they are almost always subjective and caused by 

previous experiences. The objective approach in the work-related injuries is provided 

by the machine learning techniques. Vallmuur (2015) reports in his study that the 

machine learning techniques are widely applied for analysis of injuries, namely 46% of 

them are analyzing the work-related injuries. Many researchers point to advantages in 

using these techniques for predicting the work-related injuries events. 

Many studies were involved in analysis of injuries with help of the artificial neural 

networks (ANN) and compared the success rate in predicting injuries by this method to 

results of other methods. Stylianou et al. (2015) have compared success rate of 

predicting the mortality rate of patients that suffered burns by methods of the logistic 

regression and machine learning. They used several techniques, one of which was the 

ANN method. The neural networks have been singled out as the most precise method 

for prediction of the mortality rate. Sarkar et al. (2018) used the two methods of the 

machine learning, the artificial neural networks and the Support Vector Machine (SVM). 

Both methods were very successful in predicting the outcome of the work-related 

injuries in the Indian steel industry. The SVM with 90.67% was slightly more successful 

that the ANN method with 89.33% success rate. Rivas et al. (2011) have also studied 

the work-related injuries and they used the logistic regression method as well as the 

data mining (decision rules, classification trees and Bayesian networks). All the 

techniques had approximately similar results. Their success rate was very high, it was 

88.71% for the most successful Bayesian networks, while for the logistic regression 

method it was 72.58%. Delen et al. (2006) performed an analysis of the traffic-related 

injuries and created eight models of the artificial neural networks of the same structure 

and same input data with different combinations of the outputs. The output variables 

described the possibility of events (five possible events – from no injury to fatal injury). 

It was established that such models with combination of outputs represent the outputs 

much more precisely than the single model with all the five outputs. Ciarapica and 

Giacchetta (2009) have used the ANNs and fuzzy conclusions (Sugeno's Fuzzy 
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Inference System – FIS) to predict the number and severity of injuries. For the modeling 

they used the data base on injuries that occurred in the construction industry in Italy. 

This industry is, according to numbers and severity of injuries, similar to the mining 

industry. Accuracy of prediction, based on the number of injuries, was 86.2% for the 

ANN and 90.15% for the FIS model, while the accuracy of the injuries' severity was 

91.3% for the ANN and 93.5% for the FIS. However, in investigation by Chena and 

Luoa (2016), of injuries in the construction industry, resulting from falls from a height, 

the ANN model gave an extremely low accuracy of 49% for prediction of severity of 

injuries. 

As one can conclude from the above, most of the ANN models have shown the high 

accuracy in prediction of the work-related injuries (over 80%). 

 

2. WORK-RELATED INJURIES PREDICTION BY NEURAL NETWORKS 

Danger of injuries in the mining industry is being considered through influences related 

to worker's environment, working hours, workplace, years of work experience. Difficult 

working conditions in underground mines, especially in the underground exploitation of 

coal, are reflected in the presence of the heavy physical - manual work, physiologically 

unfavorable position of the workers' bodies considering the very narrow space in which 

they work. In addition, there is a presence of the transporting machines with large 

number of the rotating parts, which in the poor visibility and limited space conditions 

can endanger the miners during the moving, manipulation or cleaning those machines. 

Another specificity of the underground exploitation is a possibility of the sudden collapse 

of the rock mass and occurrence of the mountain strikes, penetration of water and liquid 

materials. What certainly distinguishes mining in relation to other activities are collective 

accidents, a large number of fatal injuries and a large number of injuries at work with 

respect to the number of workers. 

In order to define the input data for the neural network, a survey was conducted in all 

the mines of the underground coal exploitation in Serbia. Total of 1300 respondents 

were surveyed; the total number of workers in this sector is 4500. After analyzing the 

data, 118 questionnaires were discarded as incomplete, while 1182 were kept. 

 

2.1. Analysis and review of data from questionnaires 

Data obtained through the survey were analyzed by the descriptive statistics method, 

presented in the following. 

Figure 1 presents the diagram of workers that did or did not suffer an injury in their 

career so far, by production units, i.e. mines. The number of workers who had suffered 

injuries is marked in red, total of 298, while the number of workers without injuries is 

marked in green, total of 884.  

The same color coding – red for yes (had injuries) and green (no injuries) is followed in 

all the presented diagrams. 

Analysis of Figure 1 data shows that the largest number of surveyed workers is in the 

"Ibarski rudnici" mine, 266, out of which 17.7% (47) were injured. Observing the ratio of 

workers who did or did not experience an injury, the most unfavorable ratio is in the 

"Sokobanja" mine, where the number of workers who experienced injury is 46.1%, i.e. 

almost half of the workers. A similar unfavorable situation is in the "Senjski rudnik" mine, 

where a total of 42.6% of respondents suffered an injury. These results lead to the 

conclusion that a larger number of injuries occur in these mines than in the others. 
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Figure 2 shows the number of workers who did or did not experience an injury according 

to their age. It is an interesting fact that among the oldest population, which is 

represented by only 20 respondents, there was no a single worker who was interviewed 

that had suffered an injury. This can be explained by the fact that in Serbia, workers 

who work in riskier jobs where injuries are more frequent, have a beneficial working 

age, i.e. the right to retire at the age of 56. Thus, the surveyed sample includes workers 

who work in less risky jobs, i.e. those who are not yet retired. 

 

 
Fig. 1. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to the production units or mines 

 

 
 

Fig. 2. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to their age 

 

Figure 2 shows that the highest percentage of workers who have suffered an injury in 

the last 5 years is in the category of workers aged 31-40 and that is 32.2%. After that, 

is the category 41-50 (26.2%) and then the younger population 20-30 (24.8%). This 

category also has the smallest difference between respondents who did/did not 

experience an injury. The ratio is 62.6% of respondents without injury to 37.4% with 
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injury, which indicates that a large number of newly hired workers are injured in the 

mine primarily due to lack of experience. 

Figure 3 shows the number of workers who did or did not suffer an injury according to 

their working age. Data presented in Figures 2 and 3 are usually corresponding to each 

other, since it is expected that the younger workers have less working experience, 

which does not have to be the rule. In the seventies and eighties of the twentieth century 

very young workers started to work in mines, who then had a large working experience 

and still remained in the category of young. Therefore, in category with over 36 years 

of working age there is 18.9% of total of the surveyed workers. Thus, one can see that 

31 workers at the age of 51 to 60 suffered an injury. This is a category of workers that 

are about to retire and it is noticed that close to the end of the working age, workers are 

more prone to injuries, out of which the most frequent cause is slipping. 

 

 
Fig. 3. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to years of the working age 

 

In Figure 4 is presented a number workers who did or did not suffer an injury according 

to their professional qualifications. 

 

 
Fig. 4. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to their professional qualifications. FD – faculty degree, HS – high school, PQ – 

professional qualification (meaning trained for the job), SPQ – semi-qualified worker, NPQ – 

without professional qualification 
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From Figure 4 can be seen that the worst situation with number of injuries is in the 

category of workers that do not have any professional qualification. The percentage of 

workers in this category that suffered injuries is 42.8% and with respect to total number 

of injuries that is 37.2%. From Figure 4 one can also notice that the percentage of 

injuries is decreasing with increasing professional qualification of workers. 

In Figure 5 is shown a number workers who did or did not suffer an injury according to 

their working age at the present working place/position. 

 

 
Fig. 5. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to the working age at the present working position 

 

From Figure 5 one can notice the clear trend that the largest number of injuries occurs 

to workers who do not have the working experience at the present working position 

23.8% and those with up to 10 years of experience 29.2%. This trend is understandable, 

considering the difficult working conditions in the underground coal exploitation. The 

mines should improve the training of workers related to the occupational safety and to 

introduce more serious and extended programs of training the workers at the beginning 

of their professional career. 

In Figure 6 is shown a number workers who did or did not suffer an injury according to 

their satisfaction by their wage. 

 

 
Fig. 6. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to their satisfaction with the wages 

 

From Figure 6 can be concluded that satisfaction with one's wage does not play a 

significant role with respect to number of the work-related injuries. The largest number 
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of injuries is actually in the category of workers that did not give a decisive answer, i.e. 

49.7%. 

In Figure 7 is presented a number of workers who did or did not suffer an injury 

according to their type of the work engagement. 
 

 
Fig. 7. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to the type of their working engagement 
 

From Figure 7 can be seen that, same as in the case of the satisfaction with the wage, 

the clear/decisive results were not obtained. The majority of workers classified their jobs 

as both physical and mental engagement and that is the category with the largest 

number of injuries recorded. 

In Figure 8 is presented a number of workers who did or did not suffer an injury 

according to their need for overtime engagement. 
 

 
Fig. 8. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to their overtime engagement 
 

From Figure 8 one can conclude that majority of workers who suffered an injury said 

that they do not work overtime. Though one could conclude that the overtime 

engagement, i.e. fatigue and exhaustion, should lead to increased number of injuries, 

that is not the case in the recorded survey.  

In Figure 9 is shown a number of workers who did or did not suffer an injury with respect 

to workers' satisfaction with the personal protective equipment. 

From Figure 9 one can see that in the category of workers that suffered an injury 27.3% 

characterized their personal protective equipment as inadequate, while 24.3% 

considered it as adequate. 
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In Figure 10 is presented a number of workers who did or did not suffer an injury with 

respect to the protection measures at the working place. 

 

 
Fig. 9. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to satisfaction of workers with their personal protective equipment 

 

 
Fig. 10. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to the implemented protective measures 

 

In Figure 11 is shown number of workers who did or did not suffer an injury according 

to their understanding whether the occupational safety measures were clearly 

presented or not. 

 

 
Fig. 11. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to understanding instructions for the occupational safety measures application 
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Based on Figures 10 and 11 it can be concluded that to the majority of workers it was 

clear what the procedures for occupational safety must be followed and that those 

procedures are adequately presented by the corresponding expert personnel. Here the 

question arises: If the procedures are clear to workers, why are they not implemented? 

In Figure 12 is shown a number of workers who did or did not suffer an injury according 

to duration of exposure to danger or risks. 

Exposure to danger at a certain workplace is directly related to worker's qualification. 

Majority of the less qualified workers spend all the time at workplaces underground, so 

it is understandable that 71.3% of workers who had suffer an injury were exposed to 

danger during the whole work time. 

 

 
Fig. 12. Graphical presentation of surveyed workers who had/had not suffered an injury 

according to duration of exposure to danger/risks 

 

In Figure 13 is shown a number of workers who had or had not suffer an injury based 

on what respecting the protective measures depends. 

 

 
Fig. 13. Graphical presentation of surveyed workers who had/had not suffered an injury based 

on what respecting of protective measures depends 

 

From Figure 13 one can see that workers' opinions are grouped around the answer: 

Quality of the work equipment. That testifies about the outdated technology that is 
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applied in the coal mines in Serbia. The dependence on the worker himself speaks 

about the fact that workers are clear about the procedures and aware of importance of 

the protective measures, but that respecting the given procedures and obeying the 

protective measures are not at the satisfactory level and that the stricter control must 

be conducted among the workers in the risky categories. 

In Figure 14 is presented a number of workers who had or had not suffer an injury based 

on the danger to which they are exposed at the workplace. 

 

  
Fig. 14. Graphical presentation of surveyed workers who had/had not suffered an 

injury according to danger they are exposed to during the work 

 

From Figure 14 one can see that the large number of workers that are working directly 

at the head of the site are exposed to the danger of collapse in underground exploitation 

and that a large number of fatal and severe injuries occur due to such a collapse. 

 

2.2. Application of the neural networks for prediction of the work-related injuries 

in mining 

Significance of the neural networks is in the fact that they can simultaneously process 

data, components of which are independent of each other. Many processor units are 

working simultaneously so that results of their processing could be transferred to the 

next units (neurons). The processor units in one neural network are simple and can 

perform only one or eventually a few computational operations. They are 

interconnected, thus in one neural network exist many more connections than the 

processor units. Number of these connections between the neurons represents the 

power of a neural network. The neural networks are used in situations when the rules, 

according to which it would be possible to relate the input and output data from the 

desired system, are not known. 

The neural networks are not being programmed, they are being trained, so it takes a lot 

of time for their training, before they can be used. The training is done in such a way 

that the weight coefficients are being updated, so that the next time the obtained output 

would be closer to the set value. When the training is completed, the weighing 

coefficients remain the same and the network can be applied for the intended task. 
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The training consists of the user prescribing the input and output values, while the 

program is trying to get the adequate output value. In doing so, the program initially 

makes certain mistakes, the difference between the obtained and set output value is 

being reduced by corresponding change of the weighing parameters. 

In this paper, for prediction of the work-related injuries are used the Multilayer 

Perceptron (MLP) and Radial Basis Function (RBF) neural networks, Table 1.  

 
Table 1 

Neural networks’ characteristics used for prediction 

Input 

Layer 

Covariates 

1 Production unit 

2 Worker’s age 

3 Worker’s total work experience (years) 

4 Qualification 

5 
Worker’s total work experience at present workplace 

(years) 

6 Are you satisfied with your wage/salary? 

7 What type of engagement is required at your work? 

8 Do you frequently work overtime? 

9 
Do you consider that your Personal Protective 

Equipment is adequate for your workplace? 

10 
Do you consider that all the safety and protection 

measures are applied in your working environment? 

11 
Are the protection measures that should be applied at 

your workplace clear to you? 

12 
How long are you exposed to danger at your 

workplace? 

13 
Does respecting the protection measures at work 

depend on: 

14 
In your opinion, to which danger at your workplace are 

you exposed to the greatest extent? 

 

Number of units 14 

Rescaling 

Method for 

Covariates 

Normalized 

  
Multilayer Perceptron 

(MLP) 
Radial Basis Function (RBF) 

Hidden 

Layer(s) 
 

Number of 

Hidden Layers 
1 1 

Number of Units 

in Hidden Layer 

1 

7 3 

Activation 

Function 
Hyperbolic tangent Softmax 

Output 

Layer 

Depen-

dent   

Variables 

1 Injury Injury 

Number of Units 2              2 

Activation Function Softmax Identity 

Error Function Cross-entropy Sum of Squares 
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The Multilayer Perceptron is one of the most widely applied neural networks. In this 

network the training is performed by the Back-propagation algorithm. The Radial Basis 

Function is a neural network with a radial function, which is also used for solving the 

prediction problems; however, with respect to the MP it overcomes the problem of 

a slow training.  

In predicting by applying the Multilayer Perceptron, the problem is defined in the 

following way: based on 14 input variables one predicts whether the surveyed worker 

has suffered an injury or not. Based on the said, the network has 14 input variables and 

one output. In the considered example, 70% of cases are used for training of the 

network, while 30% are used for its testing. The network architecture is generated 

automatically. The network contains one hidden layer and 7 neurons within it. 

As can be seen in Table 1, the network is automatically generated, the MLP network 

has 1 hidden layer and 7 neurons, the activation function is hyperbolic tangent. In the 

RBF network there is 1 hidden layer and 3 neurons within it. 

In Figure 15 is shown appearance of both network models with described architectures. 

As can be seen from the Figure appearances of the two networks are very different. 

Accuracy of the two applied networks can be deduced from Table 2. One can see that 

the MLP network has higher accuracy both in the training and testing data, 80.4% and 

79.7%, respectively, with respect to the RBF network's accuracy for the training and the 

testing data is 79.8% and 77.9%, respectively. 

 

  
Fig. 15. Appearance of the two network models, MLP (left) and RBF (right) 
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From Table 2 can be seen that both networks exhibit lower accuracy when classifying 

the answer "YES" (the worker did suffer injury), while for the answer "NO" the accuracy 

is satisfying. 

In predicting the work-related injuries in mining the MLP network shows smaller error 

and it amounts to 20.3% of all the wrongly classified answers. In addition, the MLP 

network shows the smaller number of wrongly classified "YES" answers – 109, while 

this number for the RBF network is 136. 

 
Table 2 
Classification of data within the network 

  MLP RBF 

Sample Observed 

Predicted Predicted 

YES NO 
Accurate 

(%) 
YES NO Accurate (%) 

Trainin
g 

YES 97 109 47.1 64 136 32.0 

NO 53 568 91.5 28 583 95.4 

Overall 
Percent 

18.1% 81.9% 80.4 11.3% 88.7% 79.8 

Testing 

YES 41 51 44.6 33 65 33.7 

NO 21 242 92.0 17 256 93.8 

Overall 
Percent 

17.5% 82.5% 79.7 13.5% 86.5% 77.9 

 

2.3. The sensitivity analysis 

The sensitivity analysis represents a technique of determination of the independent 

variables' influence to a certain dependent variable, for the given circumstances. In the 

considered case that means the input variables influence on the output variable 

(whether the worker did or did not suffer an injury). Table 3 presents value of influence 

for 14 input variables to a single output variable. 

Figure 16 shows the graphical presentation of the sensitivity analysis results for both 

considered network models for 14 input variables. 

As can be seen from Figure 16, both networks singled out four common inputs as the 

most influential on the output result, those being the answers to the following four 

questions: 

1. Production unit (or mine) 

2. Qualification 

3. How long are you exposed to danger at your workplace? 

4. Does respecting the protection measures at work depend on: 

- Persons in charge of the occupational safety 

- Management 

- Injuries and accidents that have occurred 

- Way and speed of performing the work operations 

- The worker himself 

- Quality of the work equipment? 

The workers' qualifications being singled out by the neural networks is an assumption 

reached by other authors, as well, Stojadinović et al. (2012), Karra (2005), Sari et al. 

(2004) by different methods. 
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Qualification, in combination with the workplace, has a great influence on injury 

occurrence, primarily because it influences duration of exposure to some danger, 

causes the type of the work environment and defines jobs that the worker is performing, 

as well as on which machines and dangers of the tools to which he could be exposed. 

Besides that, the low level of education also affects understanding of the safety 

procedures, instructions, training, restrictions etc. 

One can also say that the three following highly ranked inputs are related to qualification 

– each production unit or mine (the second ranked input) where the worker is employed 

creates its own safety politics, while exposure to certain danger is directly related to the 

workplace, i.e. qualification. 

 

Table 3 

Independent Variables Importance  

 MLP RBF 

 Importance 

Normalized 

Importance,

% 

Importance 

Normalized 

Importance,

% 

Production unit (or mine) .142 76.4 .126 88.4 

Worker's age .004 2.3 .069 48.7 

Worker's total work experience 

(years) 
.066 35.4 .064 45.2 

Qualification .186 100.0 .142 100.0 

Worker's total work experience at 

present workplace (years) 
.087 46.8 .026 18.1 

Are you satisfied with your wage? .045 24.3 .029 20.6 

What type of engagement is 

required at your work? 
.031 16.5 .092 64.7 

Do you frequently work overtime? .041 22.2 .046 32.1 

Do you consider that your Personal 

Protective Equipment is adequate 

for your workplace? 

.033 17.9 .016 11.1 

Do you consider that all the safety 

and protection measures are 

applied in your working 

environment? 

.044 23.4 .024 17.0 

Are the protection measures that 

should be applied at your workplace 

clear to you? 

.046 25.0 .095 66.4 

How long are you exposed to 

danger at your workplace? 
.126 67.6 .104 72.9 

Does respecting the protection 

measures at work depend on: … 
.126 67.9 .104 73.0 

In your opinion, to which danger at 

your workplace are you exposed to 

the greatest extent? 

.022 12.1 .063 43.9 

 
The third ranked input, the question "Does following the occupational safety measures 

depends on: Persons in charge of the occupational safety, Management, Injuries and 

accidents that have occurred, Way and speed of performing the work operations, The 

worker himself, Quality of the work equipment?" is closely related to worker's 



33  

 

awareness as an individual and his/her attitude towards the occupational safety as well 

as to responsibility in performing the everyday work operations, Figure 13. 

 

 

   
Fig. 16. Graphical presentation of the sensitivity analysis results for both considered network 

models MLP (top) and RBF (bottom) 

 

3. ANALYSIS OF RESULTS 

After analysis of results obtained by the sensitivity analysis of the input parameters, the 

two new neural network models were constructed, the MLP/1 and the RBF/1, Figure 

17. The same architecture was used for both networks as in the previous analysis, the 

difference is in the input data, which are now 4 for each network. 

Using the four first ranked inputs as the new input data, the following results are 

obtained, with respect to accuracy of the output prediction. 

The first model is MLP/1. Comparing to the previously described MLP model with 14 

input variables, this model exhibits higher accuracy of the data prediction. Its error 

amounts to 18.95% and accuracy is over 80%, Table 4. 
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Fig. 17. Appearance of the new network models, MLP/1 (top) and RBF/1 (bottom) 

 
Table 4 

Characteristics and accuracy of the neural network model MLP/1 

Model Summary 

Training 

Cross Entropy Error 355.897 

Percent of Incorrect 

Predictions, % 
19.8 

Stopping Rule Used 
1 consecutive step(s) with no 

decrease in error 

Training Time 0:00:00.133 

Testing 

Cross Entropy Error 135.459 

Percent of Incorrect 

Predictions, % 
18.1 

Classification 

Sample Observed 

Predicted 

YES NO 
Percent 

Correct% 

Training 

YES 96 132 42.1 

NO 36 586 94.2 

Overall Percent, % 15.5 84.5 80.2 

Testing 

YES 32 38 45.7 

NO 22 240 91.6 

Overall Percent, % 16.3 83.7 81.9 
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Besides an increase in the model's total accuracy, the model still exhibits not so high 

accuracy in predicting the "YES" answer with 42.1% for the training data set and 45.7% 

for the testing data set. From that aspect, this network has inappropriate performance 

since it is of the much greater importance to properly categorize the event: "Yes, there 

is an injury or The injury did occur", i.e. to recognize the answer "Yes". 

From Figure 18 one can also notice that at the MLP/1 model the ranking order of the 

input parameters is changed and that now Qualification is singled out as the most 

important parameter. The second most important parameter is "Does following the 

occupational safety measures depends on: Persons in charge of the occupational 

safety, Management, Injuries and accidents that have occurred, Way and speed of 

performing the work operations, The worker himself, Quality of the work equipment?" 

The work unit or mine is at the third place.  

 
Fig. 18. Ranking of the input parameters influence on the output for the MLP/1 model 

 

The second model RBF/1 exhibits the lower error of 18.55% with respect to the first 

RBF model and with respect to both other models, MLP and MLP/1, as well, Table 5. 

 

Table 5. Characteristics and accuracy of the neural network model RBF/1 

Model Summary 

Training 

Sum of Squares Error 123.781 

Percent of Incorrect Predictions, % 22.0 

Training Time 0:00:00.392 

Testing 
Sum of Squares Error 41.959 

Percent of Incorrect Predictions, % 15.1 

Classification 

Sample Observed 
Predicted 

YES NO Percent Correct % 

Training 

YES 88 129 40.6 

NO 54 560 91.2 

Overall Percent, % 17.1 82.9 78.0 

Testing 

YES 42 39 51.9 

NO 14 256 94.8 

Overall Percent, % 16.0 84.0 84.9 
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In Figure 19 can be seen that the ranking order of the input variables influence has 

changed here, as well. Thus, the most important is qualification of a worker, the second 

most important input is opinion of a worker, i.e. his/her awarness of occupational safety 

importance. As can be seen from Figure 13, workers are very aware of the proper way 

of reasoning, i.e. that the safety is an individual attitude and each of them individually 

contributes to development and maintaining of the safety policy within the company. A 

priority should be given to development and strengthening of this attitude, in the 

underground coal exploitation and through education and other contents to contribute 

to strengthening of the workers' awareness. 

 
Fig. 19. Ranking of the input parameters influence on the output for the RBF/1 model 

 

Qualification is directly related to the workplace and dangers to which the worker is 

exposed. Improvement of this problem can be achieved by the strict control and 

application of the new technologies where the most endangered HS and PQ workers 

would perform work operations mechanically and reduce the impact of their workplace 

on the outcome of injuries at work. 

From all the above follows that for predicting the work-related injuries in mining the best 

is to use the RBF/1 neural network architecture, since it provides the best results for 

accuracy of the output classification. 

 

4. CONCLUSIONS 

The problem of prediction the work-related injuries in mining is considered in this paper 

by the neural network modeling. The multilayer perceptron (MLP) and radial basis 

function (RBF) neural networks were used with 14 input variables. After the sensitivity 

analysis (of output to individual inputs), the first four ranked inputs were singled out. 

Those most influential/important variables were then used for forming the new neural 

network models MLP/1 and RBF/1, accuracy of which was increased by application of 

this set of input variables. The proposed models represent support in eliminating 

deficiencies in the occupational safety system. It is necessary to focus the further 

research to development of the new neural network architectures, to improve their 

performance. 

It is the most favorable to use the RBF/1 neural network architecture for prediction of 

the work-related injuries in mining, for the described parameters, since it gives the 

better results in terms of the accuracy of the output classification. 
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It can certainly be concluded that such neural network models can be applied to predict 

injuries at work in the mining industry, as well as to point out to gaps in safety at work 

in each of the mines and in the underground mining in Serbia, as a whole. 
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Abstract: The aim of the study was to indicate the reasons for non-compliance of 

aluminium rim castings and, using quality management instruments (Pareto-Lorenzo 

diagram and 5WHy method?), elimination or reduction of non-compliant products. The 

object of the research was an aluminium rim, while the diagnostic process of the object 

of the research was based on the quality control of the chemical composition of the 

casting, the control of mechanical properties and the control of the continuity of the 

material structure by radiographic and microscopic methods. On the basis of the 

research carried out, it was found that a sensitive casting area is the front edge of the 

rim rim - a significant number of porosity clusters were identified in this area. The reason 

for their occurrence was also specified - too rapid flooding of moulds, which resulted in 

gassing of the alloy. The identified cause had its origins in human resources 

mismanagement, namely the lack of training of the newly recruited employee. So far, 

the company has not carried out analyses of quality problems with the use of 

a sequential quality management methodology, so the implemented corrective actions 

have not always led to the full achievement of quality objectives. The presented 

sequential method, which is a combination of diagnostic and control tests and quality 

management instruments, is a universal way to monitor the level of quality of products 

and to quickly correct nonconformities. 

Keywords: management engineering, quality engineering, quality control 

 

 

 

1. INTRODUCTION  

Currently, manufacturing companies are building their position and competitive 

advantage on the basis of optimized production processes. However, the search for 

savings in financial outlay and time should not adversely affect the quality of the 

products themselves. Production in foundry technology is burdened with many 

difficulties. The issue of proper production of aluminium castings is extremely important 

due to wide possibilities of using the foundry for production of various structural parts 

(Czerwińska et al., 2019; Pacana et al., 2018). The use of foundry technologies enables 

the production of complex construction details which are components of vehicles, 

machines, devices or measuring equipment. Taking into account the progressive 
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development in terms of construction complexity and the associated increase in the 

requirements for the components used, it is necessary to conduct material and technical 

tests (Czekaj et al., 2012, Łuszczak and Dańko, 2013). In the context of ensuring the 

desired quality of details, the key issue is the control of the process itself and the 

correctness of the production of castings (Ostasz et al., 2020; Zheng et al., 2012). 

Comprehensive methods are constantly being sought to detect incompatibilities, but 

also to prevent them by detecting the sources of their origin or even looking for causes 

that cause problems within these sources. The methods enabling the implementation 

of the indicated activities are quality management methods, which, when skilfully 

applied, allow to increase the quality level of the offered products (Langabeer, 2108; 

Łybacki and Zawadzka, 2008; Pawlowski and Pawlowski, 2018). Many authors of 

literature studies related to the control of aluminium castings present the use of single 

quality management instruments such as: FMEA (Gawdzinska et al., 2017; Piatkowski 

and Kaminski, 2017), value stream mapping (Dadashnejad and Valmohammadi, 2019) 

or Ishikawa diagram (Chokkalingam et al. 2017; Suarez-Barraza and Rodriguez-

Gonzalez, 2019) to analyse the causes of non-compliance. However, at present, more 

and more attention is being paid to the use of several complementary quality 

management instruments, thus indicating their universality and comprehensive 

approach to production problems (Bris, 2016; Chang, 2020; Dale et al., 1998; 

Skotnicka-Zasadzień et al., 2017). In this respect, the Pareto-Lorenzo diagram is 

correlated with the ABC method, which is used to identify the most important group of 

factors generating a given problem (Pacana et al., 2018). However, there is still a lack 

of a configured quality control method that would allow for an in-depth causal analysis 

of production non-conformities. 

 

2. ANALYSIS 

Aim, scope and subject matter  

The aim of the tests is to perform diagnostics of rim casting in terms of correctness of 

chemical composition, mechanical properties measured in the area of external and 

internal rim flange, spokes and acquisitions and diagnostics in terms of continuity of 

material structure by radiographic method. An additional objective is to identify, by 

means of quality management tools, the sources of the most serious non-conformity of 

rim castings used in passenger cars and to analyse and eliminate them.  

Due to the increase in the number of non-compliant wheel castings (2. 5% compared 

to the previous quarter), the subject of the study was an aluminium wheel casting for 

BMW passenger cars. Figure 1 shows the subject of the study together with the names 

of the characteristic rim areas. The survey concerned batches of products made in the 

4th quarter of 2019 in one of the foundry enterprises located in the southern part of 

Poland. The company produces aluminium wheels. 

Testing procedure 

The diagnostic process of the subject of the study was based on the control of the 

quality of the chemical composition of the casting, mechanical properties and the 

control of the continuity of the material structure by radiographic and microscopic 

methods. The analysis of the detected irregularities was carried out using quality 

management tools (Pareto-Lorenz diagram, 5WHY method). The correlation between 

the diagnostic methods and tools used to analyse the causes of non-compliance is 

shown in Figure 2. 
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Fig. 1. Subject of tests with names of particular product areas 

The control of the chemical composition of the rim casting was performed by means of 

a JY 10 000 RF glow discharge optical emission spectrometer. The test specimens 

were in the form of a cylinder with a diameter of 25 mm and a thickness of 20 mm. 

The test of mechanical properties was carried out on samples with a diameter and 

measuring length of 15 mm at a distance of 20, 30 and 40 mm from the base of the 

cylinder. The tests were carried out using a RKM 250/50 (Roel & Kothaus) type testing 

device equipped with an electronic extensometer. 

 

 

Fig. 2. Sequence of methods used in the study 

Control of chemical 

composition 

Qualitative and quantitative analysis of chemical composition 

using emission spectrometry 

Control of mechanical 

properties 

Testing the mechanical properties of the casting in the area of the 

front and rear edge of the rim, spokes and acquisitions 

Radiographic examination Detection of internal wheel incompatibilities such as gas bubbles, 

inclusions, shrinkage cavities, cracks and weld seams 

Microporosity test Testing the level of microporosity of the casting in the area of the 

front and rear edge of the rim, spokes and acquisition 

Pareto-Lorenzo diagram 

with ABC method 

Identification of the most frequent non-compliances with the most 

serious consequences 

Method 5WHY 
Analysis of the reasons for the existence of a potential source of 

non-compliance 
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The radiographic research uses the Bosello High Technology Industrial X-Ray. The 

control is performed in semi-automatic mode. The average length of the X-ray test cycle 

is one minute.  

Samples for metallographic testing were cut from characteristic casting areas on the 

Struers Labtom-3 metallographic cutter. The microstructure was observed on the Zeiss 

Neophot 2 metallographic microscope. 

The analysis of the causes of non-compliance was carried out using the Pareto-Lorenzo 

diagram correlated with ABC and 5WHY methods. The Pareto-Lorenz diagram with the 

ABC method was made in order to specify the most significant nonconformities in terms 

of their number and severity of effects. The 5WHY method has been applied to the most 

relevant cause of non-compliance identified in order to identify its source. 

 

3. RESULTS 

The obtained results of chemical composition control (determination of trace elements 

content) of a cast rim made of high quality aluminium alloy AlSiMg 7 are presented in 

Table 1. 

 

Table 1 

Chemical composition (determination of trace element content) 

 Si [%] Fe [%] Cu [%] Mn [%] Mg [%] Zn [%] Ti [%] 

Min 6.5 - - - 0.20 - 0.05 

Max 7.5 0.20 0.05 0.05 0.35 0.10 0.15 

The result 7.1 0.1194 0.001 0.0016 0.2582 0.0070 0.116 

 

According to the data in Table 1 concerning tests of alloy casting additives, it can be 

seen that they meet the customer's expectations and are in line with the standards set 

out in the following table. 

The next test carried out was to diagnose mechanical properties. In the strategic areas 

of the rim, i. e. in the front and rear areas of the rim flange and in the spoke area and 5 

measurements of mechanical properties were taken and then the mean values were 

extracted from them. The results of the mechanical properties test are presented in 

Table 2.  

 

Table 2 

Measurements of mechanical properties of individual rim casting areas 

Front edge of the rim 

Requirements 1 2 3 4 5 x¯ 

Rp0,2 

[Mpa] 
≥ 190 190.4 190.1 187.3 188.9 188.6 189.1 

Rm [Mpa] ≥ 240 242.1 240.2 243.1 238.6 239.7 240.7 

As [%] ≥ 4.5 4.6 4.6 4.7 4.3 4.4 4.5 

Back edge of the rim 

Rp0,2 

[Mpa] 
≥ 190 202.6 206.4 206.9 203.9 204.0 204.8 

Rm [Mpa] ≥ 240 282.6 286.3 274.9 283.9 289.6 283.5 

As [%] ≥ 4.5 15.0 13.4 10.7 10.8 12.5 12.5 
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Spoke 

Rp0,2 

[Mpa] 
≥ 170 182.7 178.8 182.7 184.2 179.8 181.6 

Rm [Mpa] ≥ 210 242.0 230.7 230.5 243.8 240.3 237.5 

As [%] ≥ 2 4.3 3.3 2.5 4.4 4.6 3.8 

Naba 

Rp0,2 

[Mpa] 
≥ 160 194.2 192.6 191.9 191.9 190.2 192.1 

Rm [Mpa] ≥ 205 253.8 238.4 247.3 250.3 246.1 247.2 

As [%] ≥ 2 4.8 2.7 4.1 4.7 3.8 4.0 

 

According to the measurements of the rim's mechanical properties in the specified 

casting areas in Table 2, it can be seen that the values obtained in the area of the rear 

edge of the rim's flange, spokes and purchases are within the prescribed standards. 

The exceptions are the parameters of mechanical properties from the area of the front 

edge of the rim flange, which is a sensitive casting area in the tested batch of products. 

The results of the radiographic examination of the area of the front edge of the rim rim 

flange are shown in Figure 3. The obtained results indicate the occurrence of dispersed 

porosity in the medium loaded zone.  

 
Fig. 3. X-ray result - area of front edge of rim flange 

 

In order to accurately characterize the size of the noncompliance, microporosity tests 

are carried out from the characteristic rim casting areas, which allow observation of the 

material structure. The results of the study are indicated in Table 4.  

 

Table 3 

Measurements of mechanical properties of individual rim casting areas 

Area Front edge of the rim 
Back edge of the 

rim 
Spoke Naba 

Maximum admissible 

microporosity [%] 
1 1 2 2 

The result [%] 3.8 0.04 0.02 0.08 

Maximum expansion 1 [mm] 
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On the basis of the results of the microporosity test of the casting (Table 3), it can be 

concluded that only the area of the front edge of the rim rim rim does not fall within the 

defined standards. The value of the maximum expansion in this area was 3. 8% 

exceeding the permitted percentage threshold by 2.8%. 

Analysis  

At present, in the production company, each of the manufactured parts is subjected to 

various inspections carried out after successive stages of the production process. In 

order to completely eliminate or reduce the number of non-compliant products, an 

analysis of the causes of defects occurring in the area of the front edge of the rim was 

undertaken. To identify the causes of non-compliance, it was decided to use a 

combination of quality management tools. 

The first step in the analysis of the front edge area of the rims used for passenger cars 

was the Pareto-Lorenz analysis, which was carried out to identify the most significant 

discrepancies in terms of their number (Figure 4). The types of non-compliance were 

marked successively: N1 – porosity, N2 – systolic cavity; N3 – exfoly; N4 – under-

casting N5 – interjecting of foreign material; N6 – scorching; N7 – fastening;  N8 - 

mechanical damage; N9 – incompatibility of felling thickness; N10 – cold casting cracks; 

N11 – government; N12 – hot casting cracks.  

 

 
Fig. 4. Pareto Lorenzo diagram with ABC method for the front edge area of the rim 

 

The Pareto-Lorenzo graph shows that 3 types of casting defects (the presence of 

porosity, shrinkage and peeling) are responsible for 83. 7% of discrepancies identified 

during the quality control of the rim production process. In the first step, eliminate the 

cause that causes the highest number of nonconformities - porosity - as it reaches 49. 

6% of all identified nonconformities. In the subsequent stages of improvement activities, 

the occurrence of nonconformities which are also in area A, i. e. systolic cavities and 

delusions, should be excluded. 

As part of further statistical analysis, the porosity values located in the area of the front 

edge of the rim of the castings under investigation were considered. A histogram 

showing the distribution of defects as a function of incidence and its accumulation was 

developed (Figure 5). 

 

Area A Area B Area C 
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Fig. 5. Histogram showing the frequency of the specified defect groups 

 

The largest number of internal inconsistencies identified during the casting of parts is 

about 0. 05 mm3 and, combined with defects from 0. 001 to 0. 05 mm3, it accounts for 

74% of all analysed discontinuities (Figure 5).  

Due to the large number of porosities not within the tolerance limits, action has been 

taken to identify the causes of the problem. For this purpose the 5WHY method was 

used (Figure 6). 

 

 
Fig. 6. Method 5Why for the problem of the presence of porosity clusters in the area of the 

front edge of the rim rim 

 

On the basis of the analysis carried out (Figure 6), it was found that the source cause 

of cracks in compressor body castings was a lack of proper evaporator qualification due 
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to a lack of instructional training at the workplace. The identified cause has been 

included in the human/management area. 

 

5. DISCUSSION  

Constant monitoring of the processes carried out in the company and quality control 

are the key to the success of any organization wishing to maintain a competitive position 

on the market. The concept of a detailed analysis of the causes of non-compliance 

presented in the study, including the identification of areas where the defects are most 

frequently located and the indication of the type of these defects, as well as the 

indication of their causes in conjunction with the application of configured integration of 

quality management tools is a useful and universal way to increase the quality level of 

the offered products. The methodology presented contributes to the elimination of the 

identified noncompliances and the implementation of effective preventive actions.  

The front of the rim edge turned out to be the sensitive area of the aluminium rim in the 

tested batch. In this area, porosity was the most common irregularity, the cause of which 

was identified as too rapid flooding of the moulds, which resulted in gassing of the alloy. 

The identified cause had its origins in mismanagement of human resources, namely the 

lack of training of the newly recruited employee. 

Further research will be related to the implication of the proposed sequence of analysis 

of casting's nonconformity, which is an effective way of solving quality problems in the 

production of other products offered by the company. 
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Abstract: The aim of the study was to implement an integrally configured method of 

quality control of frictional welding of piston forgings intended for Diesel Man trucks. 

The use of the method (consisting of the 5W2H method, the Ishikawa diagram and the 

ABCD - Suzuki method) would contribute to the detection of the causes of non-

compliance and consequently to the elimination of non-compliant products. Steel 

pistons have become the subject of research due to significant problems with 

maintaining their expected level of quality after the introduced structural and 

technological changes. The proposed method has helped to identify the root cause of 

non-compliance. It was: incorrect design of the combustion chamber in terms of 

diameter and depth. The study shows that it is advisable to use an integrated approach 

to finding the causes of quality problems on the example of the friction welding process. 

This was a new solution for the company, as no in-depth analyses of quality problems 

using a sequence of quality management techniques have been carried out so far. 

Keywords: friction welding, mechanical engineering, quality engineering, quality 

management tools 

 

 

 

1. INTRODUCTION  

Continuous development of technology and special operating conditions of rulers and 

machines contribute to the increase in requirements for construction materials and thus 

to the necessity to develop and apply new technologies (Budzik and Jaskólski, 2004; 

Melton, 2005; Staniszewska, et al., 2020; Zima, 2005). Currently, reciprocating diesel 

engines are one of the most important energy sources used to drive both trucks and 

passenger cars. Of all the components of an internal combustion engine, the piston is 

the element most exposed to thermal damage. This element is a movable part of the 

combustion chamber and should therefore have appropriate quality parameters - inter 

alia resistance to high pressures and temperatures (Budzik and Jaskólski, 2004; 

Czerwińska and Pacana, 2016). The legal conditions concerning restrictions on the 

emission of toxic exhaust substances generated by internal combustion engines force 

vehicle manufacturers to take care of improving the technology and quality of 
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manufactured products (their physicochemical properties and functional features) 

(Czerwińska et al., 2019; Langabeer, 2018; Salacinski et al., 2018). 

Comprehensive methods of non-compliance detection are constantly being searched 

for and, at the same time, attempts are being made to prevent them by detecting the 

sources of their origin or even conducting analyses to identify the causes that cause 

quality problems in these sources (Liu et al., 2011). The methods enabling the 

realization of the presented undertakings are quality management methods, which, if 

used correctly, allow to increase the quality level of manufactured products (Chang, 

2004, Langabeer, 2018; Pacana and Czerwińska, 2020; Pawlowski and Pawlowski, 

2018). 

 

2. FRICTION WELDING 

The friction welding method, together with its numerous variations, is one of the most 

dynamically developed technologies of thermal bonding in a constant state. This is due 

to the numerous advantages of the method, not only for riveting and bonding, but also 

for welding, soldering and other welding methods (Kudła et al., 2013).  

Rotary friction welding is a process in which the heat needed to create a permanent 

connection is created by friction in the contact area of the welded elements as a result 

of direct conversion of mechanical energy into heat energy. The essence of the process 

is to produce a joint by welding in a constant state. The joint is obtained by plastic 

deformation of the material at the point of contact of the parts being joined. The 

mechanical friction energy heats up the contact area to a highly plasticised state. 

Moreover, the exertion of the clamping force and the approximation of the clean metallic 

surfaces of the element at a distance close to the network parameter results in 

a permanent metallic connection in a constant state (Ferenc et al., 2015; Pietrzak et al., 

2011, Salacinski et al., 2018). Scaling is created by mechanically and thermally 

activated high gradient diffusion processes, as well as by dissolving and crushing 

oxides, creating new grain boundaries, and by common crystallization of the material in 

the friction area (Kimpong and Watanabe, 2004; Sato et al., 2002).  

Currently, by friction welding, parts made of alloy steels, carbon steels, pure metals 

such as copper, aluminum, nickel are joined. A significant advantage of friction welding 

is the possibility of obtaining, almost in a few dozen seconds, qualitatively good joints 

of various compositions of materials which are not easy to combine with other 

techniques, such as alloyed steels and aluminium or copper and aluminium (Xu, 2020; 

Zhang et al., 2020]. The advantages of this type of joints also include the lack of metal 

clumping shrinkage, the fact that the heat affected zones are not heated and thus not 

weakened by softening effects, as well as a very high coefficient of so-called 

technological reliability, i.e. very low spread of mechanical properties (Wang et al. 2020; 

Wei et al. 2020). 

 

3. ANALYSIS 

Aim, scope and subject matter 

The purpose of the tests is to diagnose, by means of a visual test method, the condition 

of the steel piston after the friction welding process. The semi-finished products for pre-

treatment before welding are drop-forged steel forgings (Figure 1a). The aim of the 

study is also to identify the sources of non-compliance of the workpiece after the friction 

welding process and, ultimately, with the help of quality management tools (Ishikawa 
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diagram and 5W2H), reduce the occurrence of non-compliant products or eliminate 

them altogether.  

Due to the increase in the number of non-compliant products identified during the in-

service inspections (3% compared to the previous quarter) and the number of 

complaints, the steel piston for diesel Man trucks was tested (Figure 1b).  

 

a)             b) 

 
Fig. 1. Subject of the tests a) upper and lower part of the piston b) the piston after welding 

 

The survey concerned a batch of details made in Q3 2019 in one of the automotive 

companies, which is located in the southern part of Poland. The company produces 

steel and aluminium pistons for trucks and passenger vehicles. The scope of visual 

testing covered the surfaces of the entire product.  

 

Alloy characteristics 

38MnVS6 (38MnSiVS5) is a high-strength steel based on Mn-V. It is a high-grade low-

alloy steel with good machinability for controlled cooling from working heat (BY 

machining, condition + P according to DIN EN 10267). Steel 38MnVS6 is in the group 

of ferritic-perlite dispersion-hardened steels according to DINEN 10267 (Silva et al., 

2011). The chemical composition of the alloy and its mechanical properties are shown 

in Table 1. 

 

Table 1 

Chemical composition and mechanical properties of steel 38MnVS6 [17] 

Chemical composition 

Element C Si Mn P S Cr Mo V N 

Min, [%] 0,34 0,15 1,20 
<0,025 

0,020 
<0,30 <0,08 

0,08 0,01 

Max, [%] 0,41 0,80 1,60 0,060 0,20 0,02 

Mechanical properties  

0,2% proof stress 

Rp0,2 [N/mm2] 

Tensile strength  

Rm [N/mm2] 

Fracture elongation  

A5 [%] 

Reduction of area  

Z [%] 

Min 520 800-950 Min 15 Min 25 

 

The alloy is used for automotive parts such as gear shafts, tappets, rotary bearings, 

axle pivots, hubs and piston heads (Singh et al., 2017). 

 

Testing procedure 

The methods used to control the quality of the welded piggyback forgings - identification 

and characterization of nonconformities - were vision testing and quality management 
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techniques, (5W2H method, Ishikawa diagram, ABCD method - Suzuki). The 

correlation of diagnostic methods and their sequence of application is shown in Figure 

2. Visual examination, in a company producing pistons, is performed by employees 

after each technological operation. 

 

 
Fig. 2. A sequence of methods used to analyse nonconformities and identify the source of their 

occurrence 

 

The incompatibility was characterized and analyzed using the 5W2H method, the 

Ishikawa diagram and the ABCD-Suzuki method. The 5W2H method was used to 

gather and present in a short and clear way the most important information about the 

problem. Ishikawa's diagram was used to list the potential causes of non-compliance 

within the five classical categories (5M): man, machine, material, method and 

management, while using the ABCD - Suzuki method, an appointed team of experts 

determined the validity and rank of the individual causes. 

 

4. RESULTS 

The research was carried out by a working team consisting of: the Head of the 

Department of Health and Consumer Protection. Quality, chief technologist, quality 

control employee and friction welding station employee. The study analysed all non-

compliant products identified during the third quarter of 2019. An example of the 

obtained results of visual testing of the friction welding area of the piston forgings is 

shown in Figure 3. The presented result of the quality control refers to the most serious 

and most frequent defect that occurred after the welding process.  
 

 
Fig. 3. The result of visual tests carried out after the friction welding process 

 

The obtained results of the visual inspection indicate the occurrence of an unacceptable 

incompatibility in the load zone - burnt-out steel piston combustion chamber. An 

identified forgery connection anomaly disqualifies the piston.  

Identification of non-compliance on the frictional welding surface of the piston 

Ishikawa diagram Analysis and grouping of potential causes of non-compliance 

Method 5W2H Implementation of the gemba walk and definition of the problem 

Method ABCD-Suzuki 

Visual tests 

The expert group's determination of the importance and rank of individual 

causes - identification of the most important cause of the problem 
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In the next step, the appointed working team performed a gemba of fights and then, in 

order to precisely characterise the problem, carried out a 5W2H analysis (Table 2).  
 

Table 2 

5W2H method for casting discontinuity problem 

Question Answer  

Who? Who has detected the 

problem? 

The employee who performed the visual check 

What? What is the problem? Burnt steel piston combustion chamber 

Why? Why is this a problem? Failure to meet standards - product 

disqualification 

Where? Where was the problem 

detected? 

In the area of the piston combustion chamber – 

the friction heating area of the forgings 

When? When was the problem 

detected? 

During the visual inspection carried out 

immediately after the technological operation - 

friction welding 

How? How was the problem 

detected? 

Non-compliance was detected during visual 

inspection with an unarmed eye of normal 

visual acuity 

How 

much? 

How big is the problem? 5% of products manufactured in the third 

quarter of 2019. 

 

The next step of the analysis was to perform the Ishikawa diagram in order to list the 

most probable causes of non-compliance and classify them according to the following 

categories: man, machine, material, method, management (Figure 4). 
 

 
Fig. 4. Ishikawa diagram for non-compliance – incorrectly made piston friction welding 
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Based on the Ishikawa diagram relating to the problem of incorrect sealing of the piston 

forgings, namely the burning of the sealing area within the piston combustion chamber, 

a significant number of potential causes of non-compliance are listed. The team of 

experts used the ABCD-Suzuki method to indicate the importance and rank of particular 

potential causes. The result of the analysis (the most relevant reasons for non-

compliance) is presented in Table 3. 

 

Table 3 

Summary of results of the ABCD-Suzuki method for the problem of discontinuity of the casting 

Reason for non-

compliance 

Rank of criteria 
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1 2 3 4 5 6 7 8 9 10 

Wrong cooling channel 

depth 
3 3 6 2 1      31 

13 

2.38 3 

Wrong width of the cooling 

channel 
1 5 5 2  1 0    34 2.62 4 

Non-parallel cooling 

channel to the piston 

crown 

0 5 2 6 0      40 3.08 5 

Incorrect combustion 

chamber diameter 
5 5 1 1  1 0    28 2.15 1 

Incorrect combustion 

chamber depth 
4 4 3 3 2      29 2.23 2 

Incorrect fastening of the 

bottom (top od-off) 
3 2 4 1  3 0    41 3.15 6 

Incorrect technological 

parameters 
0 4 4 4 2 1     41 3.15 7 

 

As a result of the analyses carried out, it turned out that the three most important 

reasons for incorrect performance of friction welding (in order of importance) were: 

incorrect diameter of the combustion chamber, incorrect depth of the combustion 

chamber, incorrect depth of the cooling channel.  

 

5. DISCUSSION AND CONCLUSION 

In the paper a diagnostic test (visual inspection) used in the quality control of steel 

pistons was carried out and the results were analysed with the use of quality 

management tools. The aim of the tests was to identify non-compliant products and 

check the usefulness of control and diagnostic testing in the production area. 

By means of a visual inspection, an incompatibility was detected in the area of the 

piston combustion chamber - burning out after the frictional welding process. The 

presence of an identified non-compliance disqualifies the piston. In order to 

characterise the problem, a team of experts performed a gemba of fights and a 5W2H 

analysis. In order to identify the causes of non-compliance, an Ishikawa diagram was 

drawn up, while the ABCD-Suzuki method was used to indicate the validity and rank of 

individual potential causes, according to which the main cause of non-compliance was 

incorrect design of the combustion chamber in terms of diameter and depth. 
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The diagnostic test method used in combination with the quality management methods 

are largely complementary. This combination can be useful in terms of methods 

supporting quality management processes. Traditional 5W2H method can be extremely 

useful by using it in the analysis cycle, where the output of one tool is an input to the 

next quality management method. 
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Abstract: Every employer is responsible for ensuring safe and hygienic working 

conditions. According to the Labor Code and the relevant regulations, the elements of 

safe and hygienic working conditions in each enterprise are very similar. Differences 

arise when a specific industry or special psychophysical needs of an employee are 

taking into consideration. There is a specific group of employees for whom the working 

conditions organized by the employer in terms of occupational health and safety differ 

from the average working conditions. In the paper the needs, limitations and 

psychophysical possibilities of professionally active employees with sensory integration 

disorders are analyzed. In this purpose the direct interview with elements of open 

observation was used as the research method. The results presented in this paper are 

the small part (initial diagnosis) of the large project. Preliminary conclusions confirm the 

difficulty of adapting employees with sensory integration disorders to a universal work 

environment and the great need to organize special working conditions for them. 

Keywords: sensory integration disorders, work safety, health protection, 

psychophysical limitations, special psychophysical needs. 

 

 

 

1. SHAPING OF THE SAFE AND HYGIENIC WORKING CONDITIONS   

Providing employees with safe and hygienic working conditions is the primary 

responsibility of the employer. It is an undeniable fact resulting from both legal 

regulations and ethical standards. Shaping safe and hygienic, as well as accident-free 

working conditions applies to buildings, workplaces, tools, machines and devices 

(Klimecka-Tatar and Niciejewska, 2016; Niciejewska and Kiriliuk, 2020; Ulewicz et al., 

2015; Woźny, 2020). The employee's safety at work is also determined by contact with 

physical factors of the work environment, such as noise, microclimate, lighting or dust, 

as well as biological, chemical and psychophysical factors (Kapustka, et al., 2020; 

Lewandowski and Górska, 2016; Niciejewska and Klimecka-Tatar, 2018). 

The procedures for shaping safe and hygienic working conditions as well as organizing 

such working conditions, taking into account the psychophysical needs of the 

employee, are established on the basis of legal provisions, regulations, standards and 

principles of ergonomics (EASHW, 2014; EU-OSHA, 2007 and 2020; Kielesińska, 

2020; Krynke, 2020). They are generally the same for all employees, or in some cases 
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very similar. They are often determined by age, sex or anthropometric features 

(Niciejewska and Mlakar Kac, 2019). However, there is a group of employees whose 

psychophysical abilities are limited and the needs are very specific - for example, 

professionally active people with sensory integration disorders. It is a disorder that most 

often accompanies people on the autism spectrum (or Asperger's syndrome). In 

Poland, there are no statistical studies on the number of students and doctoral students 

with autism spectrum disorders, but according to the information obtained by the 

Supreme Audit Office (NIK), these people undertake higher education and their 

problems are noticed. However, there is no information on the number of people with 

these disorders who attend and graduate from college. After graduation, people with 

autism or Asperger Syndrome can find employment in the so-called open labor market. 

Social research shows that with appropriate support, it is possible for people who have 

no intellectual deficits to achieve a significant level of independence. However, the 

employment rate of people with these disorders in Poland is lower than one percent, 

while in Western European countries it is even over a dozen percent (Supreme 

Chamber of Control, 2020).  

At the end of 2014, the Central Institute for Labor Protection - National Research 

Institute in Warsaw developed and published "Framework guidelines for the design of 

facilities, rooms and adaptation of workstations for disabled people with specific needs". 

This study also includes guidelines for professionally active people on the autism 

spectrum (including those with sensory integration disorders). However, this section of 

the guidelines is not intended to be exhaustive. As already mentioned, the professional 

activity of people with an autism spectrum disorder accompanied by sensory integration 

disorders is below 1% in Poland (Supreme Chamber of Control, 2020). 

Also, research on the needs, possibilities and psychophysical limitations in the work 

environment of such people is strongly limited. The sources of such restrictions should 

be seen, among others, in some of the potential research entities (employees with 

sensory integration disorders), difficulties in establishing direct contact with such 

employees (often also verbally), ethical reasons and those resulting, for example, from 

the General Data Protection Regulation (GDPR). 

In order to understand what problems an employee with sensory integration disorders 

has on a daily basis, it is necessary to explain what they are. Well, these disorders, also 

called dysfunctions, occur when the nervous system improperly organizes sensory 

stimuli (Martinez et al., 2020). The dysfunctions are not related to damage to the sense 

organs, e.g. with hearing loss or myopia (then it would be of some type or degree of 

disability). Sensory integration dysfunctions refer to abnormalities in the processing of 

sensory stimuli within the following systems: sensory (tactile and proprioceptive), 

vestibular, auditory, visual, olfactory and gustatory. Symptoms of sensory integration 

dysfunction are most often manifested by the following features (Isaacs and Riordan, 

2020): 

 increased or decreased sensitivity to stimuli, 

 inappropriate level of attention, 

 reduced level of motor coordination, 

 abnormal level of physical activity, 

 general behavioral difficulties. 

The literature on the subject is poor in information on the topic under consideration. But 

the information that is available can be taken as the basis for the need for further 
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research and analysis. This need results, among others, from the fact that more and 

more people with disabilities with special needs (including those resulting from sensory 

integration disorders) are professionally activated. They also often turn out to be very 

reliable and effective employees. 

The shaping and organization of safe working conditions in the aspect of stimuli 

received by employees can be analyzed through the prism of selected physical factors 

of the work environment, such as noise and lighting (Bai and Wicaksono, 2020). 

These are physical factors that characterize every work environment and can 

significantly penetrate the area of the employee's sensory integration. General 

guidelines regarding acceptable or hygienic standards are identical for the average 

employee. Sometimes the differences are determined by age, gender or 

psychophysical limitations resulting from disability, disorders or dysfunction. 

An employee with sensory integration disorders requires adjustment of the intensity or 

parameter values of such physical factors (such as the aforementioned noise and 

lighting). One of the most common harmful factors in the work environment is noise. 

According to the report published by the European Environment Agency (EEA) entitled 

'Noise in Europe - 2020', it is currently estimated that up to 113 million Europeans 

experience long-term, 24-hour noise levels of at least 55 decibels. In addition, 22 million 

people are exposed to high levels of rail noise, 4 million to high levels of aircraft noise 

and less than a million to industrial noise. According to the EEA, in most European 

countries over 50 percent residents of urban areas are exposed to traffic noise of 55 

dB (or even more) - during the day, evening and night. The highest percentage of urban 

residents exposed to noise above the acceptable level was recorded in Cyprus (49.2%) 

and Switzerland (30.6%) (Peris, 2020). In Poland, about 11.6 percent of city residents 

and 5.7% residents of rural areas, are exposed to road noise exceeding 55 dB (Spiller, 

2020). On the other hand, according to the data of the Central Statistical Office, in 2019, 

among the factors related to the working environment, the noise posed the greatest 

risk, about 186.4 thousand people were at risk (58.9% of all people employed in 

hazardous conditions related to the work environment; counted as many times as these 

people were exposed to). The number of workers exposed to noise was more than 

three times higher than the number of workers exposed to the second most frequent 

harmful factor - dust (Kazanowska et al., 2020). 

Noise has been adopted to denote all undesirable, unpleasant, annoying, burdensome 

or harmful sounds affecting hearing and other senses and parts of the human body 

(Augustyńska et al., 2012). The formation of sound is related to momentary changes in 

air pressure in relation to atmospheric pressure. Sound can also arise in and pass 

through other media (solids, liquids). During sound formation, pressure changes in the 

air have a very wide range - from 0.00002 Pa at the hearing threshold to 63 Pa at the 

pain threshold. Therefore, in practice, the term "sound pressure level" expressed in 

decibels (dB) is used (Engel, 2001). The negative effects of noise can be divided into 

functional and health. The functional effects include lowering the level of acoustic 

comfort, difficulties in communication and orientation in the environment. It affects the 

quality and efficiency of the work performed. Among the health effects, there are: 

deterioration of psychomotor performance, somatic state and the condition of the 

hearing organ (Gałusza, 2018). These effects lead to diseases (illnesses).  

The most common negative effect of noise on the human body is hearing impairment. 

Hearing loss related to working conditions is a permanent disability that cannot be cured 

and has been one of the most common occupational diseases in Poland for many 
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years. The non-auditory effect of noise is the body's general response to noise as 

a stressor. Noise can affect the condition and functions of many internal organs and 

may contribute to the development of various diseases, e.g. hypertension or neurosis. 

Research shows that clear disturbances in the physiological functions of the body may 

occur even after exceeding the level of 75 dB (Czaja and Bortkiewicz, 2018, Basner et 

al., 2014). Lower noise levels, in the order of 55 - 75 dB, can cause distraction, hinder 

work and reduce its efficiency (Niciejewska, 2016). Among the non-hearing effects of 

noise, one can also distinguish its influence on speech intelligibility and masking of 

audible safety signals (especially important in the case of hearing impaired people). 

This not only increases the nuisance of working conditions, but can also cause 

accidents. In the case of people with mental disabilities resulting from autism spectrum 

disorders, the following guidelines and recommendations related to noise or verbal 

signals are formulated (Zawieska, 2014): 

 All instructional, information, training materials, etc., concerning safety signals and 

the organization of work in noise, should be prepared in such a way as to be legible 

and unambiguous for people with mental disabilities resulting from autism spectrum 

disorders (e.g. in the form of pictograms), due to on possible problems of these 

people with understanding the text. 

 In the case of people with mental disabilities resulting from autism spectrum 

disorders, at the same time hypersensitive to sounds, the use of sudden alarms 

(volume gradation), sharp bells (frequency modulation), sirens should be limited, as 

they can cause anxiety and panic. 

 A person with this type of disability should be assigned an evacuation support. This 

should be a person who knows the rules of conduct during evacuation and who can 

safely lead a person with a disability resulting from mental illnesses to the collection 

point during evacuation. 

 It is recommended to extend the sound safety signal with light signaling in the places 

where the employee may stay (workroom, toilet, break room, etc.). 

 It is recommended that, if the degree of disability prevents the correct reception of 

a safety signal, the introduction of an individual safety system equipped with light or 

vibration signals. 

 It is recommended to develop an internal (separate) communication system for 

people with disabilities resulting from autism spectrum disorders. 

Lighting is also an important physical factor in any work environment - the use of light 

is essential to highlight places, objects and their surroundings, and applies to all 

interiors and workplaces. It is an important factor of the work environment, as it 

determines the visibility of the surroundings and the details of visual work, and thus 

significantly affects the safety and efficiency of work of all employees. For this reason, 

lighting is one of the factors determining safety in the work environment and the 

nuisance of visual tasks (Wolska and Pawlak, 2007). Depending on the type of visual 

activities performed, lighting should be provided by (Koradecka, 2009): 

 appropriate conditions for performing visual tasks, 

 visual comfort where employees feel good. 

Pursuant to the ordinance of the Minister of Labor and Social Policy on general health 

and safety regulations, the employer is obliged to provide electric lighting with 

parameters compliant with Polish Standards. The normative requirements apply to the 

lighting of the room and workplace, as well as other parts of the building used by the 
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employee (Rączkowski, 2020). At workplaces located indoors, the following lighting 

parameters are assessed (Pawlak et al., 2019): 

 illuminance, 

 lighting uniformity, 

 color rendering (color rendering index), 

 light color (color temperature), 

 glare, 

 flicker, ripple and strobe effect. 

In the case of people with disabilities resulting from autism spectrum disorders who are 

hypersensitive to light (sensory integration disorder), direct and reflected glare, also 

from windows, as well as light ripple and flicker should be limited. In the case of using 

fluorescent lamps, electronic ignition systems should be used in order to eliminate 

flickering light and the strobe effect (Zawieska, 2014). 

As a result of the framework guidelines that were developed by the Central Institute of 

Labor, many proposals for solutions to the problem in question were created. Examples 

of good practices have been developed on the basis of analyses of real workplaces 

conducted as part of expert opinions. The basis is also a review of the literature and 

research on the usefulness of such devices supporting the work of people with 

disabilities, e.g. a rehabilitation chair, a device enabling wireless computer control, a 

keyboard for people with one functional upper limb, a device enabling control and 

communication with a computer by means of eyelid or head movements, keyboard for 

typing with head or mouth movements etc. Each of the presented examples contains 

information about the type of disability the presented solution relates to. The following 

types of disability were included (Bartuzi et al., 2014): 

 the movement system, 

 eyesight (blind and partially sighted people), 

 hearing (deaf and hard of hearing people), 

 resulting from mental illnesses, 

 resulting from autism spectrum disorders, 

 intellectual, 

 systemic (e.g. resulting from diseases of the circulatory, respiratory, nervous, 

digestive, urogenital systems; people suffering from epilepsy). 

The proposals of organizing safe and hygienic working conditions for people with 

disabilities with special needs, who are professionally active, can be a source of 

information and guidance for all employers who employ workers with various disorders, 

dysfunctions and special needs. 

 

2. METHODOLOGY  

The study was conducted in an enterprise (supported employment enterprise) located 

in the Silesian Voivodeship in Poland. People with various types and degrees of 

disability work in this enterprise. Among them, there are three adults on the autism 

spectrum who have a mild disability certificate. These people are employed as a cook, 

waiter and caretaker. All three employees agreed to conduct a direct interview enriched 

by observation. The study was conducted outside the company's, in places suggested 

by their legal guardians. The observation of the work environment was carried out in 

the place of professional activity, but without the participation of the employees. The 

face-to-face interview was conducted on the basis of previously prepared issues 
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concerning factors that are negatively perceived by the surveyed employees and 

concern especially areas related to sensory integration. The interview was conducted 

in the presence of guardians and the results were consulted with the professional 

activity coordinator of all three employees, who has experience and competence in 

sensory therapy. 

 

3. RESULTS AND DISCUSSION 

As a result of the research, a lot of input information was obtained, which can be 

a source of further research, e.g. related to the design of specific solutions that would 

support the professional activity of people with sensory integration disorders. 

The surveyed employees answered a few questions related to their work environment 

(technical point of view), made the characteristics of the workplace and the tasks they 

perform during the day. In general, the work of a cook, waiter and caretaker in the 

analyzed cases does not differ from the work of an average employee in these 

positions. Only the analysis of physical factors - such as noise, lighting, microclimate - 

and psychosocial factors shows significant differences. The surveyed employees are 

people on the autism spectrum, accompanied by sensory integration disorders. These 

disorders are similar but of different intensity.  

The cook indicated, as the biggest problem, a direct (close) contact with another 

person. However, there is no problem with accepting tastes and smells. Worker smell 

and taste buds are more sensitive than the average person, which is considered as an 

asset in this work. Moreover (in this case), the body accepts the high temperatures that 

are part of the cook's job. The hearing organ of a chef is sensitive and does not accept 

too high noise levels. High tones are irritating. Therefore, no audible signaling devices 

(e.g. informing about an order) are used in the kitchen. All information is recorded as 

text information by the waiter and displayed on the kitchen monitor. The size of the 

letters and the font color are adapted to the needs of the cook. The font size is at least 

18 points and is black on a yellow background. This contrast was chosen by an 

employee. It fulfills its task, e.g. in peripheral vision, which is most often used by people 

on the autism spectrum. In a healthy person, the dominant form of visual observation 

is central looking. Peripheral vision or indirect vision is vision that occurs beyond the 

point of fixation, i.e. away from the center of vision. For people on the autism spectrum, 

this type of vision requires less effort and is often more acceptable (not stressful). 

An employee working as a waiter also has sensory integration disorders. They mainly 

concern the sensitivity to light (too high intensity and the phenomenon of glare). For this 

reason, the café has roller blinds that reduce the penetration of daylight. In the 

afternoon, on the other hand, warm lighting is preferred in the café, focused directly on 

the table (hanging lamps slightly above the table, acting as spot lighting). General 

lighting is designed in the form of wall halogen lamps, which do not directly penetrate 

the eyes of people in the room, but fulfil their role in terms of effective vision. 

A person employed as a caretaker also has sensory integration disorders. An employee 

in this position primarily performs the functions of facility security - supervision over 

people who enter the plant. This position is of an administrative and office nature, and 

work in this position is supported by the coordinator. The employee is equipped with 

a monitor, which sees people entering the plant. It is the responsibility of the person 

entering the facility to present the identity and reason for the visit. Pre-arranged visits 

are checked with an identity card or other document (it is shown to the camera at the 

entrance, at which there is also a sound signal in the form of a gate panel). Unplanned 
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visits are consulted by the caretaker with the coordinator by phone or by text message. 

The surveyed employee points to direct contact with another human being the greatest 

problem with regard to dysfunctions related to sensory integration, resulting mainly from 

the lack of the ability to quickly talk and interact directly. For this reason, the employer 

developed the aforementioned system of checking people entering and leaving, 

supported by the coordinator's telephone assistance. 

Observations of the work environment of the surveyed people with impaired sensory 

integration of professionally active people confirmed the purposefulness and 

usefulness of the designed changes in the elements of the work environment, which 

caused the employees a problem in the functioning and performance of their work. The 

changes have been designed in a correct and effective manner and do not threaten the 

sense of safety and health of employees. 

The obtained results are only the beginning of the planned research work on the 

presented problem on a larger scale. The obtained information confirms a large 

research gap and indicates the need to create a management system and organization 

of the work environment of people with special psychophysical needs (including people 

with sensory integration disorders), who are increasingly (although in Poland it is still a 

very rare phenomenon) professionally activated in different forms of work and different 

organizations. 

 

5. SUMMARY AND CONCLUSION 

Shaping safe and hygienic working conditions by the employer is a fundamental issue 

in the effective and quality performance of employee tasks. Recently, people with 

physical and intellectual disabilities have been activated. A specific group (although not 

yet fully understood), which is slowly starting to become professionally active, are 

people on the autism spectrum, characterized by impaired sensory integration. All 

social programs, which are designed to activate such people professionally, should first 

take into account the dysfunctions of such people in the sphere of sensory integration.  

Due to a poorly designed work environment, such people may not undertake any 

activity, because it will be blocked by the lack of acceptance by the organism of 

intensities, values or properties, e.g. physical factors of the working environment, such 

as lighting or noise. Of course, there are more such areas, but the two mentioned 

factors occur in every work environment and, additionally, they are the factors that most 

often make sensory integration difficult in this group of people.  

The paper presents only three cases in which the physical factors of the work 

environment determine employee activity and influence the effective performance of 

tasks. It should be noted that the introduced changes did not impose huge financial 

costs on the employer. In these cases, the employer's commitment, understanding the 

problem and the willingness to professionally activate people who were at risk of social 

and professional exclusion were of fundamental importance. There is a great need to 

create a system that would support people on the autism spectrum, who additionally 

have sensory integration disorders in undertaking delusional activity. This is a group of 

people who, to a large extent, are at risk of social and professional exclusion due to the 

lack of the aforementioned system, but also the existing social barriers, manifested, for 

example, by the fears and fears of potential employers resulting primarily from the lack 

of knowledge and system support. 
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Abstract: The article presents the results of research on employee awareness of 

information security. The essence and methodology of society 5.0 was discussed. The 

study was an introduction to the study and was carried out in two groups of enterprises, 

the so-called ordinary and tycg constituting employees of the society 5.0. The strength 

of the relationship between individual security elements and those supporting society 

was also presented. 5.0. 
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1. INTRODUCTION  

The world is currently facing many changes, not only technological, but also economic, 

geopolitical and mindset. We must remember that each change creates new 

opportunities and challenges. Undoubtedly, creativity and imagination should be the 

key to shaping the future (Żywiołek, 2018). It is equally important to skilfully use the 

opportunities offered by technology to acquire new knowledge and create new values, 

creating connections between people and objects, and between real and virtual worlds 

(Tutton, 2010). It offers new opportunities to search for and find effective ways to solve 

problems in society, create better living conditions, and maintain proper economic 

growth. The idea of Society 5.0 is not a utopian vision of the future, but is a concept 

that shows one version of the future towards which the world is heading, or at least the 

richer part of it (Thomas, 2018). The article presents the basic assumptions of 

information security in information systems among employees of industrial enterprises 

as societies 5.0. The aim of the article is to examine the existing relations between 

information security and behavior / solutions proving the functioning of the employee 

as a society 5.0. The study was conducted thanks to a questionnaire among employees 

of 5 production companies. 
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2. INFORMATION SAFETY 

The information security management process can be defined as a set of activities that 

include planning, decision making, organizing and leadership targeting the resources 

of an organization with the intention of achieving goals efficiently and effectively (Lee, 

2018). The goal of information security management is to achieve and maintain a 

defined level of information processing security and to guarantee confidentiality, 

integrity, availability, accountability, authenticity and reliability of data (Żywiołek 2016). 

An important element in the information security management process are: resources, 

threats, vulnerability, consequences, risk, security and partial risk. 

The process of information security management in an enterprise can be presented as 

mutual relations at the level of creating an information security policy (Łuczak, Tyburski, 

2010), its implementation and maintaining the achieved level of security in the current 

activity of the organization. The company's security policy defines the directions and 

tasks within the company, the consideration of which guarantees the achievement of 

the assumed goals, strategy, responsibility, security methods needed to define 

information classes, most often requiring different levels of security and data protection. 

Information security is not only about policy documentation, it takes place in three areas 

(Figure 1). 

 
Fig. 1. Information safety 

 

Authors who write about information security often consider only one aspect. IT 

specialists who notice only systems, technological innovations and often the IT aspect 

are outsourced and employees have no real influence on problems and security 

(Horton, 2018). Inspectors and auditors worry about procedures and documentation to 

undergo another inspection (Stewart, 2009). And physical security is most often used 

for video monitoring, and unsupervised (Griffy-Brown, Earp, Rosas, 2018). Often, 

physical protection is associated with the caretaker, which is completely wrong. The 

authors studying the phenomenon of physical access emphasize the importance of 

procedures and the use of technological innovations (access cards), and they were the 

first to alarm about the interpenetration and cooperation of all three areas. 

 

3. SOCIETY 5.0 

The Japanese argue that the fifth-numbered society is the next stage of evolution after 

the model based on hunting (1.0), agriculture (2.0), industry (3.0) and information (4.0). 
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All of Japan is to aspire to the 5.0 society, and the concepts have been included in the 

government's technological development plan (Colwill, 2009). Thanks to this socio-

technological engineering, the problem identified in the previous version number four is 

to be overcome. Modern information-based society has difficulties with effective sharing 

of data and acquired knowledge. The Japanese concept calls this a limitation, without 

overcoming it, one cannot expect to jump to a higher level of development. 

In society 5.0, the world of people, machines and their entire environment is connected 

and knows how to communicate with each other. The concept assumes something 

more than the Internet of Things environment announced for years, in which an 

intelligent processor-processor kettle with a smart refrigerator will exchange information 

about its owners, in our absence, they will do shopping online together, brew their 

favorite coffee and order an equally intelligent washing machine to clean the house. 

Future (Axelrod, Bayuk, Schutzer, 2009). The artificial intelligence from the Japanese 

plan will work at a higher level of abstraction. Thanks to it, the traffic of autonomous 

vehicles will be possible on the streets, cities will stop congestion, huge portions of data 

will be instantly analyzed, smart factories will offer a new quality of the production 

process, and people will be seriously relieved of their current duties. Society 5.0 is 

illustrated in Figure 2. 

 

 
Fig. 2. Society 5.0 

 

Model 5.0 will combine the ability to collect health data on an ongoing basis from 

patients. Smart gadgets will monitor their parameters, algorithms will analyze the 

information, and the system will efficiently find resources that will be available. 

 

4. RESEARCH GROUP AND METHODOLOGY 

It was a preliminary study, carried out on a group of 5 enterprises, 2 normal and 3 

declaring being a society 5.0. The study was conducted based on a questionnaire and 

personal interview with senior managers. qualitative factors were distinguished and the 

relations between them and the strength of these relations were established thanks to 

the C pearson factor (Fig 3.) 
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Fig. 3. Research  

 

The survey was conducted among employees of the described research group, using 

a questionnaire. This is a preliminary study, so the group of the buffalo has not been 

defined in detail. 

 

5. RESULTS 

The respondents assessed selected aspects of security and the perceived elements 

of being a society 5.0 (Fig. 4). 

 
Fig. 4. Elements that society 5.0 and information security in the surveyed enterprises 

 

A significant difference is noticeable in each of the examined aspects, 5.0 enterprises 

are rated incomparably better. It was important to learn about the problems related to 

the implementation of information security solutions in two types of enterprise. Figure 5 

shows the categories of problems faced by companies and figures 5a, 5b, 5c and 5d 

show the causes in a given category. 
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Fig. 5. Causes of problems in implementing information security 

 

a)  b)  

c) d)  

a) organizational 

b) with management 

c) IT 

d) order 

Fig. 5a,5b,5c, 5d. Categories of information security implementation problems 

 

Demonstration of causes that affect the implementation of security, the awareness of 

combining all aspects of security facilitates the functioning of the society 5.0 as an 

employee of the studied enterprise. 

The relations between information security and society were also examined 5.0, they 

are presented in Table 1. 
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Table 1. The relations between information security and society were also examined 5.0 

 
 

Only relationships that indicate a strong or very strong relationship are shown. Due to 

the fact that it was a preliminary, pilot study on a small group of enterprises, the results 

of this study require discussion. After conducting this study, the authors asked further 

questions that were to be asked in the actual study (Fig. 6).  

 

 
 

Fig. 6. Questions for further research 

 

The results of the observations and responses to these studies will be published in 

a future article. 

 

6. CONCLUSION 

Changes taking place in enterprises require adaptation in terms of information security. 

This is a difficult task for enterprises because the mere implementation of IT solutions 

and the introduction of security rules does not affect the greatest risk factor, i.e. the 

employee. They pose a threat, often unaware of the need to protect and combine all 

aspects of information security. The article is an introduction to research on the state of 

consciousness of employees constituting society 5.0. 

 

• technologically developing societies are easier to 
adapt to change

• access to technology forces interest in information 
security issues

• the relationships outlined during the study indicate 
the use of a different type of security in society 5.0
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Abstract:  

The enrichment of the society and the consumptive lifestyle caused that customers buy 

more and more, having different, often very high requirements as to the purchased 

products and services. They often do not realize that production of such products 

requires more and more materials, energy and other means of production. All this leads 

to high exploitation of the environment. Even if the resources of the natural environment 

are not exhaustible, they do not keep up with their rebuilding at this pace of exploitation. 

That is why social awareness and responsibility both of producers and customers play 

such an important role. They are one of the instruments needed to operate in 

accordance with the concept of sustainable development. The aim of the research was 

to examine social awareness and responsibility among customers of service 

enterprises. The research was conducted with the use of an online survey, which 

allowed to show whether the customers of such enterprises are interested in the 

concept of the sustainable development, if they take it into account when using various 

services. The need for environmental education was indicated, which could strengthen 

the social awareness and responsibility among Polish customers. 

Keywords: sustainable development, social awareness and responsibility, customer’s 

requirements, services 

 

 

 

1. INTRODUCTION 

Corporate Social Responsibility (CSR) has become an important topic in scientific 

researches. Due to the interest at a global level over the past two decades, it is now 

considered a core business. Organizations have realized the need to take into account 

the needs of society and the welfare of the community in order to survive and gain a 

competitive advantage (Sajadi Far, 2013; Aastha and Shazi, 2019). Taking into account 

all the theoretical descriptions and reflections on the fundamental meaning of the 
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concept and related multi-faceted aspects, CSR quickly spread and developed in both 

academic and practical fields around the world (Grabara et al., 2016). 

It should be emphasized that the environmental awareness makes it possible to realize 

that every person is responsible for the natural environment, its condition, degradation 

and protection. Nobody is born with environmental awareness, we acquire it through 

the process of environmental education, which improves the human value system, its 

sensitivity, and sensitivity to the good and harm of nature (Żelezik and Sokołowska, 

2014; Staniszewska et al., 2020). This means that social awareness and responsibility 

should apply both to enterprises, but also to customers of these enterprises. 

It should be noted that CSR research were conducted mainly from the point of view of 

enterprises. And it should be remembered that the impact of the activities of enterprises 

is felt primarily by the customers. People are becoming more and more aware of the 

impact of business activities on society at an environmental, social or ethical level 

(Servera-Francés et al., 2020). Morrison and Bridwell emphasize the importance of the 

customer, pointing out that customer social responsibility is true corporate social 

responsibility (Morrison and Bridwell, 2011). Recently, Servera-Francés and Piqueras-

Tomás confirmed that CSR policy affects customer satisfaction (Servera and Piqueras, 

2019). 

Social awareness and responsibility is of particular importance in the case of the service 

enterprises. It should be remembered that in case of services, the customer has direct 

contact with the enterprise and affects the characteristics of the ordered service 

(Klimecka-Tatar and Ingaldi, 2020; Rosak-Szyrocka, 2018; Mazur, 2019). Due to the 

customer's participation, the proper quality of the service, which he should accept, is 

created (Knop, 2019; Pilarz and Kot, 2018; (Ulewicz, 2016). Whether the customer 

orders the service reasonably, takes into account the natural environment, the 

enterprise's closest environment, and employees performing the service directly for 

him, are also part of social awareness and responsibility, so it is also worth taking a 

look at customers whether they take into account the element of social awareness and 

responsibility when ordering various services and making purchases (Pustejovska et 

al., 2015). 

The aim of the research was to examine social awareness and responsibility among 

customers of service enterprises. The research was conducted with the use of an online 

survey, which allowed to show whether the customers of such enterprises are 

interested in the concept of the sustainable development, if they take it into account 

when using various services. The need for environmental education was indicated, 

which could strengthen the social awareness and responsibility among Polish 

customers. 

 

2. MATERIAL AND METHODS 

The own author's questionnaire was used to assess the social awareness and 

responsibility of customers of polish service companies. The questionnaire was 

addressed to adults people from southern Poland, who make shopping of different type. 

The respondents were asked to evaluate 15 statements about their social awareness 

and responsibility when making purchases. These statements were to be assessed on 

a five-point Likert scale, where 1 means "I completely disagree with it" and 5 means "I 

completely agree with it". The statements are the following: 

1. I am aware of my responsibility for the natural environment. 
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2. I am aware that each of my choices may have an impact on the condition of the 

natural environment. 

3. I order and buy services when I really need them. 

4. I find it superfluous to buy on a whim. 

5. I only buy when the previous item is already worn or broken. 

6. I don't follow fashion. 

7. When buying, I always take quality into account so that I do not have to buy again 

in a short time. 

8. When choosing a service, I take into account its impact on the natural environment. 

9. When choosing a service, I take into account what materials will be used during its 

production. 

10. When choosing a service, I take into account what will happen to the product after 

its use. 

11. When choosing a service, I take into account whether the company offering it cares 

about its immediate surroundings. 

12. When choosing a service, I take into account whether the company offering it 

operates in accordance with the principles of sustainable development. 

13. When choosing a service, I take into account whether the company offering it cares 

about its employees. 

14. When choosing a service, I take into account whether the company offering it 

operates in accordance with the principles of fair trade. 

15. When choosing a service, I take into account whether the company offering it is 

socially responsible. 

Additionally, the questionnaire contained a respondents’ characteristics, which, 

however, was omitted in this paper, only a standard respondent was presented. The 

questionnaire had an electronic form. The link to the survey was made available on 

various portals, which allowed reaching a larger group of customers. It should be noted 

that due to the pandemic, other options for collecting responses were very limited. It 

was assumed that the questionnaire must be completed by at least 1,200 people. 

The survey was conducted in January-August 2020. 1 657 people took part in it. Due 

to the electronic form of collecting answers and including the option of obligatory 

questions, there was no problem with missing or incorrect filling in the questionnaires 

by respondents. Therefore, all the questionnaires could be analyzed. 

The use of the five-point Likert scale allowed for the analysis of the survey results in 

terms of the reliability of the answers. For this analysis, the Cronbach Alpha and 

Cronbach Alpha standardized tests were used (Hair et al., 2003). The analysis was 

carried out for the entire survey (for all 15 statements together). Next, the evaluation 

results were analyzed, i.e. basic statistics and percentages of individual evaluations 

were calculated. 

 

3. RESULTS AND DISCUSSION 

The most frequent participants in the research were women aged 20-30, working or 

studying, with higher or secondary education, from towns with 201,000-300,000 

inhabitants or from large cities with more than 300,000 inhabitants. It should be 

remembered that the statistical respondent, and thus the structure of the respondents, 

could have a large influence on the answers given by them. 

At the beginning, the reliability of the survey’s results was analyzed using the Cronbach 

Alpha coefficient and the standardized Cronbach Alpha coefficient. The value in both 
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cases is in the range (0.8; 0.9), which means very good strength of association. Such 

results prove the reliability of the data, and therefore responses can be further analyzed. 

 

Table 1 

Cronbach Alpha - coefficients 

 Cronbach Alpha Standardized Cronbach Alpha  No of items 

All survey 0.812 0.824 15 

Source: own study 

 

The average assessment for all statements was 3.13, which is slightly above the 

average. As assessment of 3 means indifference to given statements. Unfortunately, 

this means that the respondents who took part in the survey, on average, do not have 

high social awareness or responsibility in case of services they order and buy. 

In figure 1 the average assessment for individual statements according to the 

respondents' answers are shown. A full scale of the survey was shown in the figure on 

purpose in order to show the true level of the assessment. 

It can be seen that these averages did not differ that much from each other, but some 

differences can be noted. The highest average assessment was obtained for statement 

9 (When choosing a service, I take into account what materials will be used during its 

production) and immediately after statement 11 (When choosing a service, I take into 

account whether the company offering it cares about its immediate surroundings). In 

the first case, it can be assumed that for the customer, the material used during 

production (service or product) should be of good quality so that it has a positive effect 

on the final result. In case of purchased products, it also means that it will last longer 

for the owner and will not have to spend additional money on buying a new one. 

Respondents often choose services from enterprises that are located in their city, 

sometimes even close to home. Therefore, this impact directly affects them, and they 

take it into account when ordering services. 

The worst assessment was noticed in the case of statement 3 (I order and buy services 

when I really need them) and 12 (When choosing a service, I take into account whether 

the company offering it operates in accordance with the principles of sustainable 

development). Unfortunately, the opinion about the consumptive lifestyle is confirmed. 

The development of the economy, society which is getting richer, at least partially, force 

people to buy more and more, without looking at whether a given service is needed, or 

whether it is just a whim or an "interesting opportunity". A low assessment of the 

statement regarding the principle of sustainable development may be due to the fact 

that some respondents do not fully know what that term really means. 
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Fig. 1. Average assessment for individual statements 

Source: own study 

 

Subsequently, the structure of assessment for individual statements was examined. 

Despite the fact that the average assessment was slightly higher than 3, the most 

common grades were 4 and 3, and the least frequent 1. The percentage structure of 

the assessment was shown in figure 2.  

As shown in Figure 2, the assessment 5 was most often given to statements 7, 9 and 

11. These are also the statements with the highest averages. As far as the assessment 

1 is concerned, it was most often given to statements 3, 4, 5, 10 and 12. In case of 

statements 3, 4, 10 and 12, there were many indications for the assessment 2. In the 

end, they were these grades that contributed to the low average assessment for these 

statements. Additionally, it also influenced the overall results of the research. 

 

 
Fig. 1. Percentages of assessment for individual statements 

Source: own study 
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The analysis of the results of the above research shows a rather indifferent attitude of 

customers towards the services they buy and towards the service providers themselves 

in terms of their social awareness and responsibility. They do not fully understand this 

need, perhaps they believe that it is the role of enterprises themselves, not customers. 

Customers are more worried about what they buy, what materials it is made of, whether 

it is of high quality, but not taking into account the impact of purchased services and 

products on the environment and the community around the enterprise offering them. 

Many authors indicated the need to conduct research in the field of social awareness 

and responsibility, especially from the customer's point of view. For example, according 

to the research of Van et al, (2020), consumers are very interested in an organization 

that they consider responsible for their employees and the local community. Consumers 

expect business organizations to take their social responsibilities seriously, in line with 

society's expectations. Interesting research was presented by Suki et al. (2015). 

According to this research, consumers are developing a positive awareness of green 

marketing based on growing environmental awareness. The enterprises inform the 

public about their green marketing efforts by disseminating eco-friendly leaflets that 

help increase sales revenue, raise consumer awareness and develop greater 

willingness to buy their products and services. According to Servera-Francés et al. 

(2020) 74% of consumers are open to news about the social behavior of enterprises, 

and 59% of them would like to change their purchasing behavior based on social values. 

These results, however, are far from those presented in the paper. 

However, it can be observed that there are researches where, as those presented in 

the paper, a low social awareness and responsibility of customers has been 

demonstrated. Grinberga-Zalite (2014) claims that there is still an information gap in 

corporate social responsibility in Latvia - almost two-thirds of Latvian respondents are 

interested in what enterprises are doing to behave responsibly, while only one-third of 

respondents say they feel to be well-informed in this area. 

To help customers understand that their attitude, environmental awareness and 

responsibility are also important, the environmental education should be also 

considered. Ecological awareness is the thinking and experiences of individual people 

and the functioning social standards of understanding and evaluating the biosphere. 

Therefore, it is important to develop this awareness in people through various actions, 

research and published paper (Hassan et al., 2010; Marinho et al., 2016; Dulska et al. 

2016). 

 

4. CONCLUSION 

With the development of industry and lifestyle changes, the environmental impact of 

humans has increased. More and more elements of this environment were being 

degraded. It must be remembered that it is impossible to get a new environment. People 

should take care of this they have. 

In the paper the results of research on social awareness and responsibility among 

customers of service enterprises were presented. The research was conducted with the 

use of an online survey, which allowed to show whether the customers of such 

enterprises are interested in the concept of the sustainable development, if they take it 

into account when using various services. The results were different from those 

previously published. It turned out that Polish customers are rather indifferent to the 

services they buy and to the service providers themselves from the point of environment 
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and society. The need for environmental education was indicated, which could 

strengthen the social awareness and responsibility among Polish customers. 

The performed and presented studies are not free from limitations. The research was 

general in nature and did not contain in-depth questions. The questionnaire itself was 

created for the purposes of the research based on the author's experience, hence its 

subjectivity. Some important aspects may have been omitted. The method of publishing 

the survey and collecting data could have had an impact on the structure of 

respondents, which may be related to the electronic exclusion of people who do not 

have Internet access or with limited access. 

In further research it is planned to extend the research to the entire territory of Poland, 

to see if the statements presented in the article apply only to southern Poland or its 

entire territory. The research will also be more in-depth so that it is possible to analyze 

the reasons for the achieved results. 
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Abstract: In the paper there are analyzed the procedures used in the process of 

calibrating concerning control and measurement equipment. There was assumed the 

mathematical model of the measuring instrument which was then analyzed. The factors 

that result from the imperfect technical condition of the control and measurement 

equipment and may have an impact on the measurement results were also analyzed. 

Models of errors' models were assumed that may affect the calibration results. The 

static calibration of control and measurement equipment was analyzed. The results of 

numerical simulations concerning the static calibration of control and measurement 

equipment were presented, taking into account the linear and non-linear processing 

functions of the measurement equipment. The results of computations obtained for 

various models of processing functions were compared with each other and 

conclusions were drawn regarding the accuracy of the mapping of the measured 

quantity.   

Keywords: management engineering, measurement equipment, static calibration, 

processing functions, numerical simulations, regression analysis 

 

 

 

1. INTRODUCTION  

Contemporary enterprises using measuring instruments must adapt to the specific 

conditions and guidelines set by quality management systems. An example would be a 

standard (ISO 9001:2015a) which states that that reliable measurement results can 

only be obtained if the measuring equipment is, inter alia: 

 calibrated at specified intervals or before use against units of measurement 

associated with national or international measurement units standards, 

 adjustable, 

 protected against damage that may occur during transport, 

 protected during storage, etc. 

An important element of ensuring the quality of production processes is proper 

supervision over the control and measurement equipment. In metrological terminology, 
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there are terms related to the activities verifying the correct operation of control and 

measurement instruments, such as: calibration, control, measurement traceability, 

reference standard, checking, non-compliance, defect, adjustment, specification, 

measurement laboratory. Each of these terms has a different use: 

 Calibration – according to (ISO/IEC Guide 99:2010) is an action which - under certain 

conditions - in the first step determines the relationship between the values of the 

quantity mapped by the measurement standard (along with their measurement 

uncertainties) and the corresponding indications (along with their uncertainties), and 

in the second step uses this information to determine the relationship that allows to 

obtain the result based on the indication. In turn, according to (ISO 14978:2018) (pkt. 

3.8) calibration is a set of operations establishing, under certain conditions, the 

relationship between the values of the measured quantity indicated by the measuring 

instrument or measuring system - or the values represented by the standard of 

measurement or reference material, and the corresponding values of the quantity 

realized by the standard of the measurement unit. To explain this, the calibration 

may be limited to determining errors of indications or corrections of indications of the 

instrument at selected points of the measuring range. 

 Inspection – its purpose is to determine compliance between one or more features 

of a product or service and the established requirements.  

 Traceability – is a property of a measurement result or a standard for a measurement 

unit where the result may be related most often to a standard of measurement, using 

an unbroken chain of calibrations, all of which contribute to the uncertainty of 

measurement (ISO/IEC Guide 99:2010). 

 Nonconformity – is a failure to meet the requirement (International Dictionary of 

Basic and General Metrology Terms, 1993; ISO 9000:2015a).  

 Reference standard – is the unit of measure standard. 

 Verification – according to standard includes activities allowing to determine the 

compliance of the measuring instrument with the requirements of standards, 

international recommendations and technical conditions (ISO 9000:2015a; ISO 

9001:2015b). 

 Adjustment – is a set of activities performed at the measurement system, ensuring 

that the appropriate indications correspond to the values of the quantity (IEC 60050-

301:2000). 

It should be especially emphasized that for the efficient functioning of measuring 

instruments, it is extremely important to regularly calibrate or check them. Laboratories 

performing these activities must have precise procedures so that calibration and 

checking are carried out according to strictly defined methods, in accordance with 

national and international standards, as well as with the recommendations of 

international organizations. These procedures must be legible and known to laboratory 

personnel and contain specific information, such as: name of the instrument to be 

calibrated, parameters to be specified, equipment used to perform the calibration, 

reference standards, environmental conditions, uncertainty estimation procedure, 

protocol of measurement results (Arendarski et al., 2009; Jakubiec and Malinowski, 

2004; Jakubiec et al., 2014; Siwiec and Pacana, 2021).  

Many factors affect the correctness of calibrations and checking measuring instruments 

carried out in laboratories. These are, for example: methods used, premises conditions, 

equipment, reference of measurements to standards of measurement units, 
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qualifications of staff, environmental conditions, etc. (Ostasz et al., 2020; Pacana et al., 

2018). The following may have a negative impact: location of the laboratory in the 

vicinity of vibration sources, electromagnetic influence, a nearby heat source, sunlight 

shining on instruments, inadequate room lighting, temperature, air humidity (Siwiec et 

al., 2019). For the correct performance of the process of calibration and checking of 

measuring instruments, a strict procedure should be established, including the 

reference standards used. This procedure should ensure compliance of calibration and 

measurements with the SI standards of measurement units. The measurement 

laboratory should also have a procedure for calibrating and checking its reference 

standards. These standards should be calibrated by an entity that can ensure 

traceability. Calibration or verification of a measuring instrument by a given laboratory 

is confirmed by issuing a verification certificate, which should include a declaration of 

compliance or non-compliance with the specified conditions. According to the standard 

PN-EN ISO/IEC 17025 the calibration certificate should contain the results and 

uncertainties of the measurements (Arendarski et al., 2009; ISO/IEC 17025:2017, 

Jakubiec and Malinowski, 2004). 

 

2. METHODOLOGY OF RESEARCH 

In order to present a mathematical model of a measuring instrument, one must give 

input quantities and an output quantity. Control and measurement instruments can be 

characterized by design parameters and parameters, the change of which reflects the 

adjustment of the instrument. The causal relationship between the input and output of 

an instrument may be expressed as a relationship: 

),,,,,,,,,,,,( 2121121 lknn bbbaaaxxxxgy                                (1) 

where: 
kaaa ,,, 2,1  – design parameters, e.g., element dimensions, relations 

representing constraints, etc., b1,b2, …, bl – adjustable parameters that are subject to a 

deliberate change, e.g. when changing the measuring range of a multi-range 

instrument, when setting the set position of the measuring value, etc. Since the design 

and regulated parameters must remain constant during the measurement, in the further 

analysis of the processing function model, one can adopt a processing function model 

that is simpler than the formula (1), in the form of:   

),,,,( 121 nn xxxxfy                                             (2) 

where: y – output quantity, x1, x2, …, xn – input quantities, function f(x1,x2,…,xn) is the 

processing function of the instrument and equation (1) is the processing equation of the 

instrument with which the measurement is performed.  

Among the input quantities, one of them is measured, e.g. xn, and the remaining x1, x2, 

..., xn-1 are quantities that affect the resulting quantity y. If the measurements are carried 

out in accordance with a discrete measurement scheme, each of the quantities xi, where 

i = 1,2, ..., n is represented by the vector Xi, and the output quantity y is represented by 

the vector Y. During the measurement, the control and measurement instrument is also 

influenced by disturbing quantities. Some of these values are immeasurable and 

therefore have to be omitted from the model.  

Calibration of the control and measurement device is aimed at giving the output value 

y of the device a measure of the input value x, i.e. determining the function [5, 19, 22]: 

  *xy                                                           (3) 
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where: φ(y) – function mapping the calibration procedure, y – the output size of the 

instrument, x* – measure of the measured quantity, determined on the basis of the 

instrument indications. In general, the measured quantity x and its measure, indicated 

by the instrument, are different, so there is an error which is calculated as the following 

difference: 

xx  *                                                          (4) 

where: δ – instrument error, x* – measure of the measured quantity, determined on the 

basis of the instrument indications, x - measured input quantity.  

The instrument calibration procedure should lead to the fact that the above-mentioned 

the instrument error is 0. However, in general the task is not easy, since the processing 

function f (1) depends on many parameters. Thus, the solution of the inverse problem, 

leading to the determination of the inverse function f-1, is difficult. In order for the 

calibration problem to be possible, it is carried out under conditions in which it can be 

ensured that the influencing quantities x1, x2, ..., xn-1 have the values determined during 

the calibration. Therefore, in the calibration conditions, the processing function f0(x) can 

be used, which depends only on one input quantity, which is the measured quantity, 

i.e.: 

   xfxcccfy no 01210 ,,,,                                         (5) 

where: ci = const, i = 1, 2, …, n-1 – constants in the course of the quantity calibration 

procedure, corresponding ci = const, i = 1,2, …, n-1, x = xn – measured quantity, f0(x) – 

instrument processing function in the calibration procedure. 

Usually, the function representing the calibration procedure is written as a polynomial: 

  k

ko xpxpxppxfy  2

2100
                            (6) 

The results of measurements carried out with a given measuring instrument are 

affected by a number of measurement errors. In the modeling used in the described 

studies, it was assumed that the resulting error can be expressed by the formula: 

adbrandsysres                                             (7) 

where:  

 the resulting error δres – error which is the resultant of the following component errors; 

 systematic error δsys – error which, after multiple measurements of the same state of 

the quantity measured with the same instrument, under the same conditions has a 

constant value or changes according to a known dependence;  

 random error δrand – error which changes randomly under the same conditions when 

the same state of a quantity measured with the same instrument is repeatedly 

measured; 

 basic error δb – error in reference conditions associated with the assumed influence 

quantity values xi; 

 additional errors δad – errors caused by the different conditions of the measurement 

execution from the reference conditions. 

The desired form of the processing function for many control and measurement 

instruments is a linear function. If it is not a linear function, the tendency is usually to 

linearize the processing function. Linearization, i.e. approximation of the processing 

characteristics of the instrument, given in the form of discrete information (xi, yi), i = 1,2, 

..., n as a function of the first degree. In the case of control and measurement devices 

with a clear non-linear characteristic, it should be approximated by the best-matched 

function. Due to the most common mild variability of the nonlinear characteristic of the 
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measuring instrument, this approximation is performed using the mean square criterion 

in the form:  

    



n

i

ii xfxzR
0

2
min                                           (8) 

where: R – cumulative deviation, remainder, xi – abscissas of measurement points, f(x) 

– approximated measuring instrument processing function, z(x) – an approximating 

function of a measuring instrument processing function defined in discrete form, n+1 – 

the number of measurements made when determining the characteristics of a 

measuring instrument. The criterion (8) leads to the least squares method (Draper and 

Smith, 1981; Lawson and Hanson, 1974). The formulas used in modeling the 

processing function of a measuring instrument in the process of its calibration are 

derived below. Due to the fact that in the approximation of the processing function of 

the measuring instrument not only the polynomial function can be used, it was assumed 

that the vector of the base approximation functions has the general form:  

               Tnn xxxxxxx  ,,,,,, 1010                         (9) 

where: Φ(x) – vector of basis functions, φi(x) – i-th basis function, [ai] – vector row 

containing elements ai, [ ]T – row vector transposition, [ai]T= {ai}, {ai} – vector column 

containing elements ai. The vector of the coefficients of the approximating function was 

defined as: 

 kpppP ,,, 10                                                    (10) 

where: P – row Victor containing coefficients pi, i = 1,2, …, k. The vector of the 

coefficients of the approximating function was defined as: 

       xpxpxpxz kko   110                                  (11) 

   xPxz                                                   (12) 

where the multiplication on the right side of formula (12) means the dot product.  

Minimization of the residual function R: 

          



n

i

iikkiik xzxpxpxppppR
0

2

110010 ,,,            (13) 

requires the computation of first partial derivatives: 

            





 n

i

ijiikkiik

j

xxzxpxpxpppp
p

R

0

110010 2,,,            (14) 

and equating them to zero, which leads to the following system of k+1 linear equations 

with k+1 unknowns: 
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Assuming the input matrix and the ordinate vector of the form: 
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we will obtain a general solution to the problem of approximation used in the research: 

ZUUPU TT                                                  (17) 

If the main matrix UTU of the system (17) is non-singular the coefficients of the 

approximating function can be unequivocally calculated using the following formula: 

  ZUUUP TT 1
     for      0det UU T

                            (18) 

In the simulations, apart from the matrix determinant, also the condition number of the 

main UTU matrix of the system of equations (17) was calculated. The reason is the high 

sensitivity of the solution results to errors in the Z vector, defined in (16), which may 

occur in measurements with the use of various measuring devices (Doyle, 2004).The 

errors δZ in vector Z cause errors δP in the vector of coefficients P which can be written 

as the following formula:  

   ZZPPUU T                                            (19) 

Taking into account equations (17) - (19) and using the Cauchy-Schwartz inequality 

concerning the norm of the matrix product (Bellman, 1960; Horn and Johnson, 1986) it 

can be written that: 

ZPUU T       and      PZUU T  
1

                         (20) 

where ||A|| denotes the Euclidean norm of a matrix A. Therefore, the following inequality 

can be obtained:  

 

P

ZUU

P

P
T 

1

                                                    (21) 

The right side of the inequality (21) can be limited by the following upper bound: 

   

Z

ZUUUU

P

ZUU TTT 
11 

                                  (22) 

That leads to inequality: 

 

Z

ZUUUU

P

P
TT 

1

                                         (23) 

Taking into account that the condition number of the matrix A is given by the formula: 

  AAAcond 1                                                 (24) 

on the basis of formula (22) and inequality (23) it can be written that 

 
Z

Z
UUcond

P

P
T


                                               (25) 

The condition number of the real and symmetric matrix can be calculated from the ratio 

of the eigenvalues of the matrix (Wilkinson, 1965): 
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where: λmax(UTU) and λmin(UTU) – the maximum eigenvalue and the minimum 

eigenvalue of the symmetric UTU matrix, respectively. From the inequality (25) it can be 

concluded that the condition number of the UTU matrix plays the role of a multiplier that 

can significantly increase the upper limit of relative error which originates in the 

procedure of determining the coefficients of the function approximating considered 

instrument processing function. These errors induced by the condition of the measuring 

instrument and the errors which occur in during measurements made for its calibration. 

In the case of bad condition number of the main matrix UTU of the system of equations 

(17), i.e. when it is too large number, the setup of experiment, e.g. the setup of 

measuring points might be changed in order to reduce the condition number. Another 

way is the application of numerical methods and algorithms developed for solving ill-

conditioned system of equations including regularization of matrices obtained during 

computations (Tikhonov and Arsenin, 1977). 

 

3. RESULTS AND DISCUSSION 

In the case of the linear model of the measuring instrument processing function, it was 

assumed that the ideal function is given by the formula: 

  bxaxy                                                        (27) 

50 points were generated, evenly distributed over the range <0, 50.0>. representing 

measurements in the instrument calibration procedure. The measurements are 

distorted by the presence of the resulting error with a normal distribution:  

   ,ANbxaxy                                                 (28) 

where: A – noise mean, σ – noise standard deviation, N(A, σ) - Gaussian noise function. 

The function approximating the measuring instrument processing function was 

searched for in the form:  

  *** bxaxy                                                     (29) 

The results for the linear model are in tab. 1 and for N(0.0, 2.0), N(1.0, 2.0) in Fig. 2. 

 

Table 1 

Results of computations for a linear model (28) of the instrument processing function f(x) for 

model coefficients 5.0a and 0.1b . Computed values of cond(UTU) < 3280 in all cases. 

Noise mean A 
Noise standard 

deviation σ  

Residual Sum of 

Squares RSS 

Computed 

estimator a* 

Computed 

estimator b* 

0.0 1.3 11.01 0.486 1.770 

1.0 1.3 50.45 0.496 2.093 

0.0 2.0 19.39 0.478 1.029 

1.0 2.0 119.0 0.509 2.308 

 

The nonlinear model of the instrument processing function, taking into account the 

presence of normal noise N(A, σ), had the form: 

   ,23 ANdxcxbxaxy                                (30) 
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Fig. 1. Examples of linear models: on the left – for normal noise N(A, σ) = N (0.0, 2.0) 

and to the right for normal noise N(A, σ) = N (1.0, 2.0); 

continuous line – ideal model, dashed line – approximated model 

 

The calculations for the model (30) were carried out for 57 measurement points evenly 

distributed in the interval <0, 34.0>. The calculation results for the nonlinear model are 

given in tab. 2 and shown for N(0.0, 2.0) and N(1.0, 2.0) in Fig. 2. 

 

Table 2 

Results of computations for a nonlinear model (30) of the instrument processing function f(x) for 

model coefficients 01.0a , 5.0b , 7.0c , 5.0d . Computed values of cond(UTU) ≈ 

3.18e9 in all cases. 

Noise 

mean A 

Noise 

standard 

deviation σ  

Residual 

Sum of 

Squares 

RSS 

Computed 

estimator 

a* 

Computed 

estimator 

b* 

Computed 

estimator 

c* 

Computed 

estimator 

d* 

0.0 1.3 7.76 4.898 -0.574 0.493 -0.01 

1.0 1.3 76.39 6.103 -0.631 0.493 -0.01 

0.0 2.0 5.83 4.977 -0.846 0.512 -0.01 

1.0 2.0 97.44 7.530 -0.887 0.507 -0.01 

0.0 14.0 543.81 0.395 -0.816 0.544 -0.01 

7.0 14.0 2598.96 16.430 -1.362 0.508 -0.01 

 

 
Fig. 2. Examples of nonlinear models: on the left – for normal noise N(A, σ) = N (0.0, 14.0) 

and to the right for normal noise N(A, σ) = N (7.0, 14.0); 

continuous line – ideal model, dashed line – approximated model 
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The nonlinear model was loaded with noise with a normal distribution and parameters 

the same as the linear model of the processing function. The simulation was also 

performed for a noise level much higher than in the linear model N(A, σ) = N(0.0, 14.0) 

and N(A, σ) = N(0.0, 14.0) in order to maintain a comparable signal mean value. 

The analysis of the results presented in tab. 1 and 2 indicates that the linear model is 

characterized by a much lower value of the UTU matrix conditioning index than the non-

linear model. The adoption of the mean value of Gaussian noise, representing 

measurement errors, had a significant impact on the value of the residual sum of 

squares RSS. The coefficient for the linear term of the linear model was calculated in 

all models with the smallest error, while the estimated coefficients of the nonlinear 

model were characterized by much larger errors. 

 

5. CONCLUSION 

The conducted research allows for the following conclusions: 

 The choice of basic functions approximating the measuring instrument processing 

function is very important from the point of view of the accuracy of determining the 

model estimators. 

 The nonlinearity of the model of the measuring instrument processing function can 

significantly increase the determinant factor of the UTU matrix of the system of 

equations. As a result, the calculated estimators show high sensitivity to errors in the 

measurement data contained in the Z vector. 

 The systematic error of the measurement, simulated by the noise mean value, has 

a significant influence on the residual sum of squares RSS, which is related to the 

accuracy of the approximation. 

 Bearing in mind the above statements, the calibration of a measuring instrument 

should take into account, i.e., the influence of the approximation model of the 

processing function on the assessment of the measuring instrument capability. 
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Abstract: The sudden introduction of restrictions related to the pandemic situation 

caused by the new SARS-COV-2 of virus causing COVID-19 had a significant impact 

on people's lives. Limited access to products and services has caused chaos in the 

market. The goal of this paper is to find out the opinion on the resulting limitations in 

access to everyday products - during the period of partial lockdown. Based on the 

research, it was found that during the lockdown caused by the epidemic situation 

(COVID-19), people feel limited access to some products of everyday life, which in turn 

has an impact on their sense of anxiety and security. People noted the greatest limited 

availability of food products and in particular fresh fruit and vegetables, also reported 

limited access to pharmaceuticals. Furthermore, people confirmed that as the main 

reasons for anxiety and insecurity are the limited access to food products and to 

pharmaceuticals.  

Keywords: crisis 2020, COVID-19, trade stability, supply security, goods availability  

 

 

 

1. INTRODUCTION  

Generally, the term crisis refers to a specific event or period of time that results in the 

loss of stability and the emergence of threats directly affecting an individual, group or 

society as a whole. Simplifying, crisis is an extraordinary situation, often unforeseen, 

the shortcomings of which are difficult to predict - a situation that is extremely difficult 

or dangerous, when there are a lot of parallel problems. 

Despite the fact that many scientists predicted the coming crisis in 2020 caused by the 

emergence of a new variant of the SARS-COV-2 virus causing COVID-19, it was difficult 

to predict to what extent its effects would directly affect the average citizen. 

Furthermore, information about the high degree of crisis risk posed by biological 

hazards, most societies were unaware of how this would affect their immediate daily 

lives. Usually, when speaking of a crisis, people think of an economic crisis which is the 

effect of an economy (global market) balancing on the verge of profitability 
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(Baryshnikova et al., 2020; Baryshinkova et al., 2021; Chen, et al., 2020). This type of 

crisis obviously affects the lives of citizens, but its impact is not as direct as it is during 

the 2020 crisis (Albonico and Tirelli, 2020). The size and extent of the crisis in terms of 

product demand and labour demand can only be determined by comparing the pre-

crisis situation, during its duration, using a combination of specific employment data 

and public procurement volumes (Gajdzik and Wolniak, 2021; Gugler et al., 2020; Ritter 

and Pedersen, 2020). 

In recent years (last decade), the economy has undergone continuous development 

and growth, the labour market, thanks to the boom, was determined by the 

requirements of customers and employees. The effect of which was a significant 

increase in average earnings and improvement in living conditions (mainly in highly 

industrialized or developing countries). In recent years, both the manufacturing and 

service industries have focused their activities on processes improvement, and not only 

keeping them at a minimum (profitable) level (Čierna and Sujová, 2020; Klimecka-Tatar 

and Ingaldi, 2020; Knop, 2020; Kowalik, 2020; Labajan and Koomsap, 2019; 

Pietraszek, et al., 2020; Rosak-Szyrocka and Abbase, 2020; Wawrowski and Otola, 

2020). In the last 10 years, more convenient forms of meeting customer requirements 

(changing the form of business, sales and internet services) have been sought rather 

than searching for any channels of the customer reaching (Ingaldi and Ulewicz, 2019). 

The COVID-19 pandemic is significantly affecting global economies. According to the 

World Trade Organization (WTO), the economic consequences are serious, and it is 

predicted that the flow of goods could be reduced by more than 30% (Blenkinsop, 

2020). Moreover, at the end of 2020, it is still not possible to say that the situation has 

been brought under control to some extent, what is more, the crisis is still under 

development. Many companies suffer from total or partial blockage as a result of 

COVID-19 restrictions, such destructive business freezing is particularly relevant to the 

service industry (Bove and Benoit, 2020; Ingaldi and Brožovà, 2020; Lang et al., 2020; 

Le and Phi, 2020; O'Hara and Toussaint, 2021; Ritchie and Jiang, 2019).  

The results presented by Ritter and Pedersen (2020) show that the impact of the 2020 

crisis on companies is very different. The authors also emphasize that understanding 

these differences is crucial for developing strategies in times of crisis but also for 

successfully navigating into the future (Ritchie and Jiang, 2019). However, the essence 

of dealing with the consequences of each crisis is the introduction of a supply chain 

management strategy, financial management, implementation of emergency 

procedures and improvement of communication. In the time of the global “COVID-2020 

crisis”, supply chains for medical equipment - managing the demand and supply of 

medical equipment - deserve special attention (Burdekin and Tao, 2020; Contreras et 

al., 2020; Moyo, 2020; Nakat and Bou-Mitri, 2021; Okeagu et al., 2020). However, the 

demand and supply of other goods commonly used by citizens cannot be ignored. It 

also deserves attention, the availability of goods that are a typical need of society: fresh 

food (e.g. vegetables, fruit, bread, dairy products), medicines, personal and industrial 

chemicals e.t.c. The availability of these products can be said to provide security of 

supply in everyday life. 

This paper highlights the stability of supplies and the availability of various groups of 

products and services in the light of the freezing of the economy due to the epidemic. 

The paper describes the impact of the limited availability of everyday goods on the 

sense of security among the society. 
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2. METHODOLOGY OF RESEARCH 

The effect of the limited availability of products (products of everyday life) on people's 

sense of security was determined on the basis of the survey results. The research was 

carried out in the period from April to October 2020 - this period included national 

quarantine (in many countries). The survey has an electronic form (via the Internet). 

The first part of the questionnaire helped to characterize respondents in terms of 

nationality, age, gender, education, place of residence and social status. The second 

part of the questionnaire was consisted of 10 questions aimed at identifying a limitation 

in the availability of everyday products (Q1-10). While the third part (Q11-Q15) focused 

on anxiety and a disturbed sense of security. 

Questions in the second part of the questionnaire: 

Q1. Is the availability of bread limited? 

Q2. Is the availability of fresh vegetables and fruit limited? 

Q3. Is the availability of dairy products limited? 

Q4. Is the availability of meat products limited? 

Q5. Is the availability of household chemicals limited? 

Q6. Is the availability of hygiene products limited? 

Q7. Is the availability of pharmaceuticals limited? 

Q8. Is the availability of supplements limited? 

Q9. Is the availability of tobacco and alcohol products limited? 

Q10. Is the availability of clothing products limited? 

Questions in the third part of the questionnaire: 

Q11. Do you feel insecure due to the limited availability of food products? 

Q12. Do you feel insecure due to the limited availability of pharmaceutical products? 

Q13. Do you feel insecure due to the limited availability of household chemicals? 

Q14. Do you feel insecure due to the limited availability of hygiene products? 

Q15. Do you feel insecure due to the limited availability of clothing products? 

The respondents estimated the availability of products on the basis of a 5-point Likert 

scale. Where 1 means – “I did not feel limited availability at all”, 5 means – “I felt limited 

availability very much”. Similarly, they assessed the sense of security: in this case 1 

means – “I feel very safe”, 5 means – “I feel very great danger”. 

During the study, 539 questionnaires were collected, of which only 510 were correctly 

completed - and only these were taken into account when analysing the results. Table 

1 presents the general characteristics of the respondents’ group. Most of the 

respondents were from Poland, Russia, Slovakia and the Czech Republic. The 

respondents also included citizens of Italy, Slovenia, Germany and Spain. 

Table 1 presents the characteristics of the respondents in the form of a numerical 

statement and a percentage structure. As it is easy to see, the vast majority of the 

respondents were people under the age of 50 (people aged 21-35 constituted 41.37% 

of the respondents, and people aged 36-50 - as much as 37.06%). Most of the 

respondents were women. And most people have vocational and secondary education 

(30.20% vocational education, 36.86% secondary education). A statistical respondent 

is a resident of a city with a population less than 400k residents. With regard to the 

social position (based on monthly income per family inhabitant), it was noticed that the 

respondents refused to answer (66.47% no answer), and among those who answered 

respondents were mainly people with less than EUR 400 per family member monthly. 
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Table 1 

Characteristics of the respondents by: age, gender, education, place of residence, social status, 

monthly earnings per family member 

Characteristics of respondents 
Number of 

respondents 

Percentage 

structure 

F1 age 

up to 20 years  

 21–35 years  

35–50 years  

51–65 years  

Over 65 years old 

35 

211 

189 

52 

23 

6.86 

41.37 

37.06 

10.20 

4.51 

F2 gender 
male 

female 

312 

198 

61.18 

38.82 

F3 education 

primary education 

lower secondary education 

vocational education  

secondary education  

higher education 

35 

99 

154 

137 

85 

6.86 

19.41 

30.20 

26.86 

16.67 

F4 place of residence 

village 

city up to 50k residents 

city 51 to 200k residents  

city 201 to 400k residents  

city with over 400k residents 

105 

132 

128 

111 

34 

20.59 

25.88 

25.10 

21.76 

6.67 

F5 

social status, 
monthly earnings 

per family 
member 

no answer 

up to 200 euros per member 

201-400 euros per member 

401-600 euros per member 

above 601 euros per member 

339 

68 

74 

18 

11 

66.47 

13.33 

14.51 

3.53 

2.16 

Source: own study 

 

 

3. RESULTS AND DISCUSSION 

Tables 2 and 3 present the general statistical characteristics of the results obtained 

from the survey. To make sure that the presented results are reliable for the entire 

survey (Q1-15) and separately for the second (Q1-10) and third (Q11-15) parts, the 

Crombach test was performed. This coefficient was described by Lee Cronbach in 

Coefficient Alpha and the Internal Structure of Tests. The Cronbach alpha test is a 

commonly used method of analysing the reliability of given scales, which was 

presented, inter alia, in research works (Bonett and Wright, 2015; Cho and Kim, 2015; 

Ciavolino et al., 2020; Ingaldi and Klimecka-Tatar, 2020; Taber, 2018). 

Based on the analysis, it was found that the Cronbach's coefficient for the entire survey 

is 0.846, which indicates high confidence (reliability), while for individual parts: the 

second part (Q1-10) 0.711, and for the third part (Q11-15) only 0.499. It is easy to notice 

that the Cronbach's coefficient for the third part is very low and may undermine the 

statistical distribution of the answers - the tested scale contains questions concerning 

more than one construct. However, the results obtained in this part, the socio-economic 

situation in the period of the crisis in 2020, make it possible to be considered correct. 

Which was also confirmed by the correlation coefficients between the questions of the 

two parts of the questionnaire.  
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Table 2.  

Descriptive statistical analysis of questions aimed at identifying a limitation in the availability of 

everyday products (Q1-10)  

  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
Mean value 3.68 4.28 3.81 3.79 2.43 2.47 3.08 1.81 1.79 2.74 
Standard error 0.15 0.13 0.14 0.17 0.13 0.16 0.21 0.12 0.09 0.13 
Median 3.00 5.00 4.00 4.00 3.00 2.00 3.00 2.00 2.00 3.00 
Standard deviation 1.12 0.97 1.04 1.23 0.97 1.19 1.53 0.88 0.66 0.92 
Sample variance 1.26 0.94 1.08 1.51 0.94 1.41 2.34 0.77 0.44 0.85 
Kurtosis -1.03 2.58 -0.61 -0.73 0.32 -0.42 -1.56 1.66 -0.69 0.48 
Skewness -0.17 -1.66 -0.35 -0.68 0.32 0.50 0.10 1.09 0.25 -0.05 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximum 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 3.00 5.00 

Source: own study 

 

Table 3.  

Descriptive statistical analysis of questions focused on anxiety and a disturbed sense of 

security (Q11-15) 

  Q11 Q12 Q13 Q14 Q15 
Mean value 3.91 3.89 2.64 2.47 2.19 
Standard error 0.16 0.15 0.17 0.16 0.18 
Median 4.00 4.00 3.00 2.00 2.00 
Standard deviation 1.20 1.12 1.23 1.14 1.32 
Sample variance 1.43 1.26 1.50 1.29 1.73 
Kurtosis -0.43 -0.52 -0.69 0.23 -0.51 
Skewness -0.79 -0.71 0.34 0.77 0.85 
Minimum 1.00 1.00 1.00 1.00 1.00 
Maximum 5.00 5.00 5.00 5.00 5.00 

Source: own study 

 

As it results from the data presented in Table 2 (questions aimed at identifying a 

limitation in the availability of everyday products (Q1-10)) and from their graphical 

analysis in Figure 1, the respondents during the lockdown noted the greatest limited 

availability of food products and in particular fresh fruit and vegetables. For the question 

Q2 (Is the availability of fresh vegetables and fruit limited?) the average value of the 

answer is 4.28. However, for other food products the values are slightly lower. For the 

question Q1 (Is the availability of bread limited?) the mean value of the answer is 3.68, 

for Q3 (Is the availability of dairy products limited?) the mean value of the answer is 

3.81, for the question Q4 (Is the availability of meat products limited?) the mean value 

of the answer is 3.79. It can be assumed that the mean values for Q1, 3 and 4 are 

comparable - they are within the standard error limit.  

The lowest mean value of the answer was obtained for question Q8 (Is the availability 

of supplements limited?) and Q9 (Is the availability of tobacco and alcohol products 

limited?). The respondents confirmed that they did not feel the limited availability of 

supplements and stimulants such as alcohol and tobacco products - the lack of feeling 

of limited availability to these products results from the fact that they are not necessities, 

and/or they are not used by the respondents. The mean values of responses for 

questions Q8 and Q9 can be considered comparable (for Q8 about 1.81, for Q9 about 

1,79) - the values are within the standard error limit. Additionally, it was observed that 

for question Q9 there were no grades higher than 3. 

The availability of pharmaceuticals was also rated slightly above the middle of the scale 

- the mean value of the answer for Q7 (Is the availability of pharmaceuticals limited?) is 
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3.08. While the availability of other products (household chemicals, hygiene products, 

clothing products) seems to be indifferent to the respondents.  

 

 
Fig. 1. The mean value of the note on the basis of a 5-point Likert scale for the questions 

aimed at identifying a limitation in the availability of everyday products (Q1-10) and questions 

focused on anxiety and a disturbed sense of security (Q11-15). Note 1 means (Q1-10/Q11-

15): “I did not feel limited availability at all”/ “I feel very safe”; 5 means: “I feel limited availability 

very much”/“I feel very great danger” 

Source: own study 

 

As it results from the data presented in Table 3 (questions focused on anxiety and a 

disturbed sense of security (Q11-15) and from their graphical analysis in Figure 1, it 

can be observed that the respondents feel the greatest anxiety about limited availability 

of food products and pharmaceutical products. For question Q11 (Do you feel insecure 

due to the limited availability of food products?) and Q12 (Do you feel insecure due to 

the limited availability of pharmaceutical products?), comparable mean values were 

recorded, 3.91 and 3.89 respectively. On the other hand, the respondents assessed 

anxiety and insecurity related to access to other product groups (household chemicals, 

hygiene products, clothing products) below the middle of the scale - that is, they treated 

these limitations indifferently. 

In order to determine the correlation between the variables, a correlation matrix was 

developed for the two parts of the survey (Q1-15) - the correlation matrix is presented 

in Table 4. In Table 4, significant positive correlations are marked (highlighted), where 

the correlation coefficient takes values r > 0.5. Regarding the second part of the 

questionnaire (Q1-10), it can be stated that the answers to question Q1 (Is the 

availability of bread limited?) are strongly correlated with the answers to questions Q2 

(Is the availability of fresh vegetables and fruit limited?), Q3 (Is the availability of dairy 

products limited?) Q4 (Is the availability of meat products limited?), Q7 (Is the 

availability of pharmaceuticals limited?). Similarly, the answers to question Q2 are 

strongly correlated with the answers to the questions Q3, Q4, Q7, the answers to the 

question Q3 are strongly correlated with the answers to the questions Q4, Q7, and the 

question Q4 with the answers to the question Q7. Which indicates that respondents 

who said there was limited access to bread also saw limited access to other food 
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products, such as fresh vegetables and fruit, dairy products and meat products. The 

same respondents noted that there is limited access to pharmaceuticals. The highest 

value of the correlation coefficient was noted between the answers to questions Q1 and 

Q3, where r = 0.953. 

 

Table 4.  

Correlation matrix for answers to questions Q1-15 (współczynnik korelacji -1≤  r  ≤ 1) 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 

Q1 1.000               

Q2 0.651 1.000              

Q3 0.953 0.589 1.000             

Q4 0.717 0.631 0.706 1.000            

Q5 0.324 0.235 0.292 0.222 1.000           

Q6 0.462 0.417 0.417 0.345 0.253 1.000          

Q7 0.821 0.582 0.796 0.673 0.366 0.372 1.000         

Q8 -0.160 -0.275 -0.229 -0.250 -0.105 0.179 -0.419 1.000        

Q9 -0.066 -0.267 -0.142 -0.101 0.143 -0.093 -0.079 0.296 1.000       

Q10 0.047 -0.087 0.087 -0.032 -0.149 0.063 0.001 0.032 -0.344 1.000      

Q11 0.721 0.637 0.635 0.639 0.383 0.601 0.623 0.019 0.194 -0.110 1.000     

Q12 0.460 0.314 0.394 0.415 0.329 0.446 0.588 -0.081 0.201 0.082 0.537 1.000    

Q13 0.320 0.136 0.218 0.179 0.553 0.304 0.281 0.079 0.073 0.068 0.304 0.446 1.000   

Q14 0.061 -0.124 -0.005 -0.052 0.107 0.003 0.001 0.149 0.082 -0.062 0.118 0.163 0.206 1.000  

Q15 0.133 0.033 0.125 0.132 0.130 0.151 0.060 0.081 -0.043 -0.022 0.036 0.223 0.209 0.351 1.000 

Source: own study 

 

Additionally, a negative value of the correlation coefficient was noted between 

questions Q7 (Is the availability of pharmaceuticals limited?) and Q8 (Is the availability 

of supplements limited?). Which means that people who confirmed limited access to 

pharmaceuticals did not notice (or did not consider it important) limited access to 

supplements. On the other hand, question Q9 (Is the availability of tobacco and alcohol 

products limited?) is slightly, negatively correlated with question Q10 (Is the availability 

of clothing products limited?). 

The next stage of the analysis is to find out how the answers to the questions in the 

third part of the questionnaire correlate with each other (questions focused on anxiety 

and a disturbed sense of security (Q11-15)). In this case, a positive correlation was only 

observed between the answers to the question Q11 (Do you feel insecure due to the 

limited availability of food products?) and Q12 (Do you feel insecure due to the limited 

availability of pharmaceutical products?). Which means that people who feel anxious 

about limited access to fresh bread also feel anxious about limited access to 

pharmaceuticals. 

The correlation of responses to the questions from two parts of the questionnaire was 

also analysed, i.e. it was determined how the limitation in access to products of 

everyday use affects the sense of anxiety and security of the respondents. A significant 

(positive) correlation was observed between the answers to question Q11 (Do you feel 

insecure due to the limited availability of food products?) in relation to the answers to 

the questions concerning the availability of food products (Q1-4), but also the availability 

of hygiene product and pharmaceuticals (Q6 and 7). It has been noticed that people 

who rate Q5 highly, found out that access to households chemicals is limited feel 

anxious and threatened with it. Similarly, people who rated question Q7 highly, feel 

anxious and threatened by limited access to pharmaceuticals. 
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The obtained results of the analysis confirm that the society underwent a panic (right 

and justified) (Islam et al., 2020; Yu, et al., 2021). Interestingly, an in-depth analysis of 

the received responses in relation to the characteristics of the respondents showed that 

significantly higher scores (in both parts of the questionnaire) were given by older 

people from smaller towns and with a lower social status. This tendency may be the 

result of the fact that people in smaller towns and villages mainly buy in small retail 

stores. In the pandemic period, the largest decrease in sales volume is recorded in 

small retail stores - the reasons can be experienced due to the introduction of strong 

security restrictions and the inability to change the sales mode, e.g. via the Internet. 

The impact of restrictions on the operation of small retail stores has been described in 

numerous publications (Avtar, et al., 2021; Cavallo, et al., 2020; Ingaldi and Brožovà, 

2020; Mehta, et al., 2020; Pantano, et al., 2020; Roggeveen and Sethuraman, 2020; 

Talwar, et al., 2021) 

  

3. CONCLUSION 

Based on the research conducted with the use of the questionnaire and the results of 

the analysis of the value of answers to the questions aimed at identifying a limitation in 

the availability of everyday products (Q1-10) and questions focused on anxiety and a 

disturbed sense of security (Q11-15), it was found that during the lockdown caused by 

the epidemic situation, people feel limited access to some products of everyday life, 

which in turn has an impact on their sense of anxiety and security. It was found that: 

 the respondents during the lockdown noted the greatest limited availability of 

food products and in particular fresh fruit and vegetables, also found limited 

access to bread, dairy and meat products (limited access at a comparable level); 

 the respondents confirmed that they did not feel the limited availability of 

supplements and stimulants such as alcohol and tobacco products - the lack of 

feeling of limited availability to these products probably results from the fact that 

they are not necessities, and are not used by the respondents; 

 the respondents also reported limited access to pharmaceuticals; 

 the availability of other products (household chemicals, hygiene products, 

clothing products) seems to be indifferent to the respondents; 

 the respondents who said there was limited access to bread also saw limited 

access to other food products, such as fresh vegetables and fruit, dairy products 

and meat products. The same respondents noted that there is limited access to 

pharmaceuticals; 

 for the respondents, the main reason for anxiety and insecurity turned out to be 

limited access to food products, 

 people who feel anxious about limited access to fresh bread also feel anxious 

about limited access to pharmaceuticals 
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Abstract: The work presents the assessment of occupational risk using the Risk 

Score method for the position of a policeman from the Patrol and Intervention Link. 

A policeman in this position often works in conditions that are not only hazardous to 

health, but also to life. It patrols streets, buildings, etc. and participates in many 

interventions. Therefore, it seems important to raise the topic of occupational risk in 

such a position. By assessing occupational risk using the Risk Score method, threats 

were identified with the highest risk and activities that may reduce this risk have been 

indicated. 

Keywords: occupational risk, stress, policeman, Patrol and Intervention Link, Risk 

Score method 

 

 

 

1. INTRODUCTION  

The profession of a policeman, despite considerable interest in the labor market, is 

subject to very rigorous social evaluation. It is a profession classified as professions of 

public trust, so that each officer should be characterized by high standards, both 

moral and ethical. Unfortunately, due to the circulating stereotypes, the image of the 

Police is marked by brutality, awkwardness and ineffectiveness for part of the society. 

On the one hand, a policeman's uniform often inspires respect. On the other hand, 

however, any unfortunate actions of the Police (such as the recent events in Poland 

related to women's strikes) are widely publicized and commented on in the media and 

very critically received by the public, and unfortunately put the Police in a very 

unfavorable light. 

The profession of a policeman, like any other, has its advantages and disadvantages. 

Stability of employment and earnings and the possibility of early retirement are the 

main advantages of this profession. The disadvantage is definitely shift work, 

policemen have to work on weekends, holidays or at night. This often has an impact 

on personal life, as this work rhythm makes it impossible to plan private time. 

However, the greatest disadvantage of this work is the threats associated with 

occupational risk. Police officer in his work encounters a lot of stressful situations, 

often threatening health and life, which makes it necessary to use physical force and 
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means of coercion. Other threats are difficult working conditions (regardless of 

weather conditions, in an environment where there is a possibility of contact with 

carriers of infectious diseases) and a large number of drastic views. Therefore, every 

candidate for a job in the Police must be aware that it is not a job, but a service - 

interesting and eventful, but also very stressful and dangerous. 

In terms of stressors, the profession of a policeman ranks first among 47 professions 

selected for the study (Falkiewicz, 2018). After research by the Central Institute for 

Labor Protection - National Research Institute, over 90% of the surveyed policemen 

found work in the Police to be stressful, and over 50% - that work in the Police and 

the stress related to it, to a large extent affects family life and personal relationships 

(Falkiewicz, 2018; Holubova V., 2016; Jasiulewicz-Kaczmarek et al., 2015; 

Niciejewska and Obrecht, 2020; Zyska and Kiriliuk, 2020). 

Stress has many consequences. Among the police officers there are: diseases such 

as: cardiovascular diseases (hypertension), stomach ulcers, diabetes, neurosis. In 

addition, policemen complain of insomnia, sleep disorders or low mood. 

Unfortunately, depression is a common disease. 

 

2. THE CONCEPT OF OCCUPATIONAL RISK 

Occupational risk is the probability of undesirable events that are related to the work 

performed and cause losses, in particular, the occurrence of adverse health effects 

among employees as a result of occupational threats occurring in the work 

environment or the manner of performing work (Dz.U. 2003 nr 169 poz. 1650). 

Another definition of the occupational risk is the probability of an accident at work or 

an occupational disease. 

The consequences of incidents at the workplace are in the nature of an accident at 

work, an occupational disease or disease (Woźny, 2020). Occupational risk is defined 

as health or accident risk. Many factors influence the probability of a particular event 

occurring, including frequency with which the threat occurs, exposure to the threat, 

number of people exposed to the threat, possibility of reducing or eliminating the 

threat. The measure of risk is the determination of the size of losses and the 

probability of the consequences, such as the number of events or accidents in a given 

work environment, their severity, health effects, frequency or number of people injured 

(Krynke, 2020; Niciejewska and Kiriliuk, 2020, Zawieska, 2007). 

At each workplace, there are different threats related to occupational risk. The Labor 

Code imposes obligations on the employer that are related to the occupational risk. 

Including (Gierasimiuk, 2011, Zawieska, 2007): 

 the employer should inform employees about the occupational risk related to the 

work performed and the principles of protection against threats, 

 the employer should assess and document the occupational risk related to the 

work performed, 

 the employer should ensure such conditions of the organization and work stations 

as to protect employees against accident threats and the effects of factors harmful 

to health, 

 the employer should ensure the elimination of threats to the health and life of 

employees. 
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3. RESEARCH METHODOLOGY 

The main purpose of the work is to assess the occupational risk in the position of 

a Patrol and Intervention Link policeman, using the Risk Score method. The 

assessment was carried out from September to December 2020. The form of 

obtaining the information necessary for analysis was limited to observing the work of 

policemen, due to the limitations resulting from the pandemic. There were no direct 

interviews or expert interviews. There was also no focus on a group from a specific 

police station, city or province, as it was assumed that police officers from the Patrol 

and Intervention Link are exposed to similar types of threats, regardless of the region. 

The assessment presented is therefore a preliminary study. It can be extended to 

include expert research and surveys among policemen, but due to the prevailing 

pandemic, these surveys could only be conducted in the form of e-mail sent to a given 

police station, for example. 

The Risk Score (RS) method is also called the risk or time risk indicator method. It is a 

qualitatively quantitative method (Krause, 2011, Sadłowska-Wrzesińska, 2018, Saja 

et al., 2017). It develops the definition of occupational risk (Antosz and Miąsik, 2015). 

This method analyzes the probability of occurrence of adverse events, that are related 

to the performed work and cause losses, such as adverse health effects for 

employees. In the Risk Score method, the value of occupational risk is calculated 

according to the formula (Fine, 1971): 

 

R = S x E x P                (1) 

 

where (https://allebhp.pl/blogWpis,16,metoda-risk-score.html): 

R - Estimated value of the occupational risk. 

S - Effect, loss (potential). 

E - Human exposure to danger. 

P - The probability of an event with a given loss. 

These three parameters are selected based on specific tables. 

The risk value calculated using the formula (1) is read from the risk matrix 

(https://allebhp.pl/blogWpis,16,metoda-risk-score.html). 

 

4. OCCUPATIONAL RISK ANALYSIS USING THE RISK SCORE METHOD 

A policeman from the Patrol and Intervention Link performs a patrol and intervention 

service and his basic tasks include preventing crimes or offenses. Its purpose is to 

prevent any behavior that poses a threat to the safety of people and property and to 

prevent behavior that violates public safety and order (and when such events occur - 

to take such measures to restore order and safety). A policeman from the Patrol and 

Intervention Link should also conduct the necessary preventive actions and maintain 

contact with the local community to maintain a sense of security. In the occur of an 

event, which is a prohibited act, a policeman from the Patrol and Intervention Link 

immediately undertakes actions aimed at identifying and detaining persons suspected 

of committing this act. He is obliged to arrive at the scene of the incident as soon as 

possible from the moment of receiving the notification and to secure the place. 

A policeman from the Patrol and Intervention Link also undertakes order activities 

(and other actions specified in the regulations) during construction or communication 

disasters and natural disasters, as well as pursuit actions for the perpetrators of 

crimes and offenses (Zarządzenie nr 768 Komendanta Głównego Policji). 
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Threats included in the occupational risk assessment for the position of a policeman 

from the Patrol and Intervention Link may appear at any time of its work, even not 

directly related to its basic duties. For the purposes of the paper, threats are 

presented typically for related tasks with patrolling the streets and participating in 

interventions. Occupational risk assessment using the Risk Score method in the 

position of a policeman from the Patrol and Intervention Link are presented in Table 1. 

 

Table 1 

Occupational risk assessment using the Risk Score method in the position of a policeman from 

the Patrol and Intervention Link  

The name of 

the threat 
Cause of the threat Effect of the threat S E P R 

Weather 

conditions 

- High and low 

temperatures, 

- strong wind, 

- rainfall 

and snow. 

- Colds, 

- flu, 

- overheating or 

cooling down of the 

body, 

- sunburns.  

3 2 0.5 3 

Noise 

- Intervention 

in a noisy place, 

- traffic. 

- Hearing loss. 7 2 1 14 

Hitting a falling 

object 

- Falling parts of 

buildings,  

- falling objects in 

houses, apartments 

etc. 

- Head injuries,  

- limb injuries, 

- concussion. 

3 2 0.5 3 

Hit 

against 

stationary 

objects 

- Various items, tools 

etc. indoors and 

outdoors. 

- Whole body injuries. 3 2 0.5 3 

Slips, falls 

- Bad weather 

conditions, 

- slippery surfaces, 

- unsuitable shoes. 

- Sprains, dislocations 

of the limbs, 

- limb fractures, 

- contusions of the 

whole body. 

3 2 0.5 3 

Injury with 

sharp objects 

- A sharp object 

in an invisible place. 
- Cut and stab wounds. 3 2 0.5 3 

Fire 

- Faulty electrical 

installations, 

- deliberate activation 

by the perpetrator. 

- Irritation of the eyes, 

respiratory tract, 

- light and / or severe 

burns of the body, 

- death. 

15 2 0.5 15 

Electric current 
- Faulty electrical 

installations. 

- Severe burns all over 

the body, 

- death. 

15 2 0.5 15 

Collisions, road 

accidents 

- Travel by official 

means of transport, 

- pursuit of the 

perpetrator with official 

means of transport. 

- Light and / or severe 

injuries, 

- contusions of the body, 

- death. 

15 6 3 270 

Biological -Contact with the - Infections with Vidal 7 6 6 252 
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factors infected, 

- clearing works, 

- securing the accident 

places. 

hepatitis, HIV, 

- coronavirus infection. 

Physical loads 

- Moving, lifting, heavy 

objects, 

-  lifting, carrying the 

perpetrator. 

-  Injury to the spine,  

-  joint loads. 
3 2 0.5 3 

Animal bite Animals (dog, cat) 
- Bitten wounds, 

lacerations. 
3 2 0.5 3 

Attack by the 

perpetrator / 

perpetrators of 

the incident 

- Intervention in 

domestic and public 

places, 

- Patrolling streets, 

buildings, etc. 

- Contusions of the 

whole body, 

- cut and stab wounds, 

- gunshot wounds, 

- limb fractures, 

- death. 

15 6 6 252 

Drastic views - Interventions.  

- Stress,  

- insomnia, 

- depression, 

- emotional disorders, 

- personal problems. 

3 3 1 9 

Source: (Own study) 

 

When analyzing the assessment of threats in the position of a police officer from the 

Patrol and Intervention Link presented in Table 1, it can be concluded that 

a policeman is exposed to some threats occasionally and these are mainly threats 

often not directly related to patrolling or interventions, only threats that may also occur 

in other positions work, e.g. bumps, slips, falls, cuts or physical loads. It was 

assessed that in the case of such types of threats, the consequences are primarily the 

absence of a policeman, and the risk value is acceptable. 

Changing weather conditions can often be felt during the service. In summer, high 

positive temperature causes fatigue, weakening of the organism by walking around 

the area in official uniforms with all service equipment. On the other hand, in winter, 

climbing stairs often to the last floors in order to intervene in thick uniforms causes an 

increase in body temperature, and then going outside again causes the opposite 

effect. This often causes diseases of the upper and lower respiratory tract. 

The result of a fire or electric shock threat may even result in death, but statistically, 

the probability of such an event and the exposure time is negligible, therefore the 

overall risk value is also small. 

The risk values associated with threats directly related to patrolling or interventions 

are different. On the basis of the analysis, it was found that the highest risk value 

occurs in the case of the officer participating in a collision or road accident, an officer 

attacked by the perpetrator or perpetrators of the incident and through the contact 

with the biological factors. The risk of a traffic accident is possible at every workplace, 

however, in the work of a policeman, there are chases after the perpetrator or 

perpetrators of a prohibited act, therefore the risk increases and the value of the risk 

is high. At almost every home intervention and in public places, an officer is exposed 

to attack by aggressive, inebriated or intoxicated people. You never know what the 

behavior of the person or persons participating in the intervention will be. It often 



105  

 

 

happens that people who are calm on a daily basis, under the influence of emotions, 

alcohol, drugs or an intoxicating substance, change their behavior. They become 

aggressive, provoke verbal skirmishes, and attempt discussions in order to take the 

officer out of the spotlight. This can result in various injuries, cuts and stab wounds, 

and unfortunately even death. Occupational risk is also high in the case of a hazard 

related to contact with biological factors. A policeman is exposed to various 

pathogens and body fluids when cleaning up and securing the accident places. 

However, the greatest risk exists when contacting an infected person, who will often 

injure or bite an officer under the influence of e.g. narcotic drugs, which will 

significantly increase the risk of infection with a specific pathogen. When performing 

activities related to personal control, an officer searches the person risk of needle 

stick injuries or contact with the blood of an infected person to a great extent. 

Performing these activities is an indispensable element contributing to the safe 

conduct of an intervention by an officer. Currently, in the assessment of occupational 

risk, coronavirus infection is also included in the biological factors. A policeman from 

the Patrol and Intervention Link, who has contact with a large number of people, is 

more exposed to the risk of infection with this virus. 

 

5. CONCLUSION 

The work of a policeman from the Patrol and Intervention Link is very stressful work. 

While performing their daily duties, policemen meet many dangers, most of which 

negatively affect the body and may pose a threat to health and life. 

In the study, using the Risk Score method, the value of risk in the position of 

a policeman from the Patrol and Intervention Link was assessed. On the basis of the 

analysis, it was assessed that the highest value of risk occurs when an officer is 

attacked by the perpetrator or perpetrators of the incident, when interventions at home 

and in public places, and when in contact with biological factors. It is never possible to 

predict the course of an intervention, what may happen. There is also a high risk to 

health and life when an officer is involved in a road accident resulting from the pursuit 

of the perpetrator or perpetrators of the incident. These threats are inherent in the 

daily work of each officer working in the Patrol and Intervention Link, because he 

participates in interventions every day, additionally patrolling his district, taking care of 

order and security. 

In order to minimize the negative effects of threats, it is necessary to carefully analyze 

the workplace and select appropriate means, i.e. take care o proper organization of 

work and appropriate selection of personal protective equipment. 

In the case of contact with biological factors, officers use protective gloves and masks 

as well as disinfectants. Knowledge of the operating procedures becomes essential. 

Protective vaccinations are also a certain protection against certain pathogens. In the 

era of the coronavirus pandemic, in the National Immunization Program, Police 

officers were qualified for group I vaccination, which should reduce the risk of 

contracting coronavirus. In the case of an attack by the perpetrator or perpetrators of 

a prohibited act, it would be advisable to increase patrols and better protect officers 

with personal protective equipment. Life and professional experience as well as the 

ability to properly recognize the situation, taking into account the use of direct 

coercion measures, play a significant role in reducing this threat. An important 

element is to exercise extreme caution. These are factors that may or may not reduce 

occupational risk. 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   106 

 

 

It is worth mentioning that with every threat, there is stress to a greater or lesser 

extent. With the threats presented and assessed at work as having the highest risk, 

stress is greatest. In addition to physical damage to the body, an officer often 

struggles with sleep disorders, neurosis or even depression due to chronic stress. 

Unfortunately, a large part of the society is unaware of what a police officer 

encounters on a daily basis, and how the situations he has to face at work almost 

every day affect his personal and family life. The social prestige of the profession of a 

policeman, as a profession of public trust, should be constantly strengthened, as well 

as should be increase the strength and resources for legal protection of a policeman. 
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Abstract: The world is changing really fast. This speed is caused by urbanization, 

technological development and the increasing demand for energy. Such changes have 

a direct impact on enterprises which function in the world of VUCA (volatility, 

uncertainty, complexity and ambiguity) with numerous surprises in the form of “black 

swans”, i.e. rare and unpredictable events. The modern history has not seen such  

a lockdown as the one caused by the coronavirus. Hairdressers, cosmeticians, 

restaurants, transportation and tourism are particularly affected by the negative effects 

of the pandemic. But while some lose, others profit: growth can be observed in the 

areas of e-commerce, courier shipping and parcel lockers. The article analyzes the 

labor market in covid times. The image of enterprises and employees of the future was 

discussed. The paper is an introduction part of an international research conducted as part of 

cooperation between Universities from Poland, Pakistan, Iraq and the Philippines. 

Key words: labour market, covid-19, employee 

 

 

 

1. INTRODUCTION 

The COVID-19 crisis hit Europe in the frst quarter of 2020. In March 2020, an epidemic 

emergency was announced in Poland, followed by an epidemic in connection with the 

spread of an infectious disease caused by the SARS-CoV-2 virus, known as COVID-

19, which caused the collapse of the Polish economy and, consequently, had a strong 

impact on the labor market. The COVID‐19 pandemic is having a dramatic economic 

impact in most countries (Dias Costa et al., 2020). According to (Dingel and Neiman, 

2020, the share of jobs that can be done at home exceeds 40% in Sweden and the UK, 

while the proportion decreases in the cases of France (38%), Italy (35%) or Spain 

(32%). 

https://www.researchgate.net/institution/University_of_Haripur
https://www.researchgate.net/institution/Negros_Oriental_State_University
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Globally, there have been 83 715 617 confirmed cases of COVID-19, 

including 1 835 901 deaths, reported to WHO. As an example from Jan 3, 4 January 

2021: 

 In Poland, there have been 1 318 562 confirmed cases of COVID-19 

with 29 119 deaths, 

 In Iraq, there have been 597 774 confirmed cases of COVID-19 with 12 834 deaths. 

 In Pakistan, there have been 486 634 confirmed cases of COVID-19 

with 10 311 deaths. 

 In Philippines, there have been 477 807 confirmed cases of COVID-19 

with 9257 deaths. 

After the outbreak of the pandemic in Poland, the number of available jobs shrank 

significantly, and the demand for labor clearly decreased. In the first quarter of 2020, 

119.9 thousand jobs were liquidated. jobs, and about a quarter of jobs have been lost 

due to the epidemic, which largely affected the private sector. In the second quarter of 

2020, 93.6 thousand jobs were liquidated. jobs. It was 21.9% less than in the first 

quarter of 2020. However, the scale of job losses increased due to the spread of 

COVID-19. While in the first quarter such a relationship referred to approximately 1/4 

of the liquidated jobs, in the second quarter to 1/3. According to a study conducted by 

Grant Thornton and Element, in May 2020, employers published 195.1 thousand jobs 

on the 50 largest recruitment portals in Poland. new job offers. This is a huge drop 

compared to May 2019 - the number of new job offers shrank by 138.8 thousand. This 

means that the recruitment activity of employers decreased by 41.6%. In April 2020, 

the decrease in the number of new job offers was even stronger and amounted to 

50.7%. annually. The coronavirus pandemic is causing economies around the world to 

continue to suffer huge losses. Due to the present situation, enterprises are forced to 

limit their activities, and therefore they make mass layoffs and stop hiring new ones. 

According to the Pracuj.pl report, in March 2020 the labor market in Poland was 

relatively stable, but in April the decline in demand for employees was significant.  

 

2. LABOR MARKETS SITUATION ANALYSIS IN THE FACE OF THE PANDEMIC 

As noticed researchers carried out through authors (Fana et al., 2020; Andersen et al., 

2020; Béland et al., 2020; Blundell et al., 2020; Caselli et al., 2020; del Rio-Chanona et 

al., 2020; Pouliakas and Branka, 2020) the impact of the crisis is being clearly 

asymmetric, with the most vulnerable countries and segments of the workforce being 

hardest hit by the pandemic. The coronavirus has a strong impact especially on the 

local labor markets of large cities. The differences between them are very clear (Figure 

1). Before the pandemic, the great difficulties in attracting and retaining valuable 

employees in the organization were emphasized. As a consequence, organizations 

sought various methods not only in the area of active recruitment of employees, but 

also creating attractive employment conditions for them and offering various types of 

benefits. The economic crisis caused by covid-19 is not only the cause of a reduction 

in the number of published job offers, but also the content of job advertisements 

changes, which are not as attractive as before in terms of benefits, e.g. sports cards or 

a medical package. The Grant Thornton report shows that in May 2020, employers 

withdrew most of the additional benefits offered to future employees, currently only 30 

percent. Companies offer applicants a private medical care package and only 27 

percent. offers surcharges for the sports card. Reducing the attractiveness of job 

advertisements is caused by employers seeking savings, so they are forced to "cut 

costs". 
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Fig 1. The number of new job offers in the 10 largest cities in Poland in May 2020 and the 

change compared to May 2019 

Source:https://grantthornton.pl/wp-content/uploads/2020/06/Rynek-pracy-w-czasie-koronawirusa-w-maju-

RAPORT.pdf date: 28.12.2020 

        

Currently, the main incentive that employers tempt candidates is training that is 

conducted on the company's premises or in the form of webinars (Figure 2).  
 

 
Fig 2. Percentage of job offers with specific incentives 

Source: https://grantthornton.pl/wp-content/uploads/2020/06/Rynek-pracy-w-czasie-koronawirusa-w-

maju-RAPORT.pdf date: 28.12.2020 

 

The number of job offers in May 2020 also changed compared to May 2019 (Table 1). 

As can be seen from Table 1, the greatest decline in terms of job offers can be seen 

among administration and human resources employees, which decreased by as much 

as 72%. The lowest drop in demand concerns specialists in the area of finance, but it 

is interesting that there are even more offers for chief accountants than before the crisis 

and amounts to + 21%. 
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Table 1 

The number of job offers in May 2020 compared to May 2019 

 

Job offers 

 

Percentage of job offer decline in May 

2020 compared to May 2019 

Secretarial employee -72% 

HR Business Partner -65% 

Warehouseman -55% 

Programmer -54% 

Shop assistance -52% 

Security guard -51% 

Driver -50% 

Marketing specialist -41% 

Financial analyst -33 

Chief Accountant +21% 

Source: https://grantthornton.pl/wp-content/uploads/2020/06/Rynek-pracy-w-czasie-koronawirusa-w-

maju-RAPORT.pdf date: 28.12.2020 

 

3. EMPLOYEE IN POLAND IN THE FACE OF COVID-19 

In the first months after the outbreak of the pandemic in Poland, the requirements of 

employers towards employees dropped sharply, and moreover, companies began to 

look for employees for simple jobs that did not require additional skills, e.g. for a grocery 

store or a courier company, because they experienced an increase in demand or were 

affected by the outflow of employees from Ukraine (Figure 3). Currently, the situation is 

returning to normal and entrepreneurs are again increasing the requirements for 

employees. The most common requirement that employers place on employees is 

professional experience (65%) and appropriate education (40%). It can also be seen 

that the requirement of availability has increased significantly (from 17% to 29%), while 

the requirement of knowing a foreign language has decreased. 

 
 

 
Fig. 3. Percentage of job offers with specific requirements for candidates 

Source: https://grantthornton.pl/wp-content/uploads/2020/06/Rynek-pracy-w-czasie-koronawirusa-w-

maju-RAPORT.pdf date: 28.12.2020 
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There are key trends in the finding of employees in Poland in the labor market in the 

face of the coronavirus and the changes introduced by covid-19 in their working lives 

(Table 2).  

 

Table 2 

Trends in finding employees in Poland in the labor market in the face of the coronavirus and 

changes introduced by covid in their working life. 

 

Trends in finding employees in Poland in 

the labor market in the face of the 

coronavirus 

 

Characteristic 

 

 

Uncertainty of the professional future 

 

Over 40% of respondents are afraid of losing 

their job due to the coronavirus epidemic, 

and as much as 60% - a reduction in salary 

or a change in employment rules. 

 

 

Openness to new career paths 

77% of the employed respondents are ready 

to accept a new job offer. 

64% of jobseekers are ready to retrain in the 

current situation. 

 

The need for work safety and 

stabilization 

58% would accept a job offer if it would 

guarantee stable and safe employment. 

 

 

 

Working outside the office is still 

attractive 

 

 

 

9 out of 10 respondents want to be able to 

work remotely at least partially after the 

coronavirus restrictions are lifted, and most 

respondents expect the importance of 

remote work to increase in the future. 

 

 

Remote work as a challenge for parents 

 

 

 

79% of the respondents bringing up children 

believe that remote work is a greater 

challenge for them than for childless people. 

57% find it difficult to separate private and 

work time. 

 

Readiness for remote recruitment 

 

 

49% of respondents are more likely to apply 

for recruitments conducted fully remotely, 

and 71% - positively assess the possibility of 

video interviews. 

Source: own study basis on: https://prowly-uploads.s3.eu-west-

1.amazonaws.com/uploads/landing_page_image/image/266143/f8f1b4f13d3af3f28575dea557d6ac27.pd

f date: 28.12.2020 

 

It is worth emphasizing that in the era of a pandemic, employees are aware of the 

difficult situation in which covid-19 has introduced the economy and the labor market. 

The pandemic meant that for many employees remote work has become not so much 

a benefit, but an opportunity to reduce the risk of infection. In addition, the conditions of 

remote work have changed significantly. Figure 4 shows the share of employed people 

who, due to the epidemic situation, worked remotely according to the Polish 

https://prowly-uploads.s3.eu-west-1.amazonaws.com/uploads/landing_page_image/image/266143/f8f1b4f13d3af3f28575dea557d6ac27.pdf
https://prowly-uploads.s3.eu-west-1.amazonaws.com/uploads/landing_page_image/image/266143/f8f1b4f13d3af3f28575dea557d6ac27.pdf
https://prowly-uploads.s3.eu-west-1.amazonaws.com/uploads/landing_page_image/image/266143/f8f1b4f13d3af3f28575dea557d6ac27.pdf
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Classification of Activities (PKD) in the first and second quarter of 2020. On the basis 

of the presented Figure 4, it can be concluded that the largest increase in remote work 

is currently shown in the areas of information and communication, professional, 

scientific and technical activities. The Pracuj.pl report shows that as many as 75% of 

respondents believe that finding a job will be more difficult than before, while only 11% 

of respondents working remotely in connection with covid-19 declare that they would 

not want to work remotely after lifting the restrictions. Mixed models are the most 

popular, which means that 40% of respondents would like to be able to come to the 

office at least once a week, and 39% of respondents would like to be able to work 

outside the office only on selected days of the month. More than a half, i.e. 64% of the 

surveyed employees working remotely believe that their employers have organized 

remote work well. Covid-19 will accelerate the growing importance of remote work in 

the labor market.  

 

 
Fig. 4. The share of employed people who, due to the epidemic situation, worked remotely 

according to the Polish Classification of Activities (PKD) in the first and second quarter of 

2020. 
Source: Central Statistical Office: The impact of the COVID-19 epidemic on selected elements on 

10/09/2020 of the labor market in Poland in Q1 and Q2 2020 
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Financial and Insurance Activities (K), Generation and supply of electricity, gas, steam, hot water and air 

for air conditioning equipment (D), Real estate activities (L), Business administration and support, activities 

(N), Wholesale and retail trade; repair of motor vehicles, including motorcycles (G), "Water supply; sewage 

management,  and waste and remediation activities (E), Transport and warehouse management (H), 

Construction (F), Healthcare and Social Work (Q), Manufacturing (C), Other service activities (S), 

Accommodation Activities and catering services (I), Mining and Quarrying (B). 

There are many advantages of remote work:  

 greater flexibility of the employee,  

 possibility of adjusting to various life circumstances,  

 adaptation to individual needs in terms of work space,  

 the possibility of reconciling work and personal life (including family life), 

 spending more time with loved ones,  

 greater involvement of the employee in the work performed by him (e.g. due to the 

possibility of better concentration on tasks, work in peace and quiet),  

 greater motivation to work,  

 faster and more efficient performance of duties,  

 greater efficiency and productivity, 

 feeling more satisfied with work and life, 

 reducing the stress level. 

As noticed authors (Almarzooqi And Alaamer, 2020) working from home equipped 

workers with a quiet environment where they are shielded from continuous distractions 

by colleagues, especially in a shared office space. Moreover workers explained that 

they enjoyed the freedom to schedule their time to suit their performance patterns rather 

than tailor their working day on the rhythm of the surrounding environment. 

 
4. CONCLUSIONS 

The nature of the economic shock associated with COVID-19 is highly unusual.  
Analysis of labor market and employee data in covid times shows that the COVID crisis 

is so deep that it will not only radically affect labour markets in the short and medium 

run, but it can also change substantially the way the work is organized (Caselli et al., 

2020).  

Companies are currently striving for the so-called inclusive work organization - that is, 

one that will be able to use the potential and create equal opportunities, regardless of 

whether someone will work more in the office, at home or in a hybrid. Opinions about 

the labor market in Poland are very divided. Much is said about the definitive end of the 

employee market. It is certain that we are experiencing changes and we are still waiting 

for more, while the competence of the future, i.e. "learning agility" - becomes a 

competence required today, because abilities such as adaptability or the speed of 

learning are key to find ourselves in a very volatile and still unstable the labor market. 

Remote work can therefore be one of the benefits for the employee, as well as 

contribute to generating savings for the employer and reducing the degradation of the 

natural environment. Employees of the future will have to be flexible and ready for 

lifelong learning. 

Research carried out by Bergman Engineering shows that currently as many as 9 out 

of 10 employers are looking for specialists who can think critically, and in recent months 

the demand for specialists who could work on a project basis, i.e. on contracting, 

instead of employment contract. In the long-term perspective, it seems that the interest 

of employers in software, systems, and equipment enabling more flexible operations of 

entire teams, as well as many employers reach for solutions that can be implemented 

the fastest, allowing to temporarily manage the situation. In the future, companies will 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=4142209
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invest more in remote work tools, because they will appreciate its advantages, but also 

see savings related to remote work. The ability to work remotely, good work 

organization and soft skills will also become even more important advantages of 

employees. It is predicted that in the future, the ability to work remotely effectively will 

be an even more important asset for an employee than at present. Research carried 

out on behalf of Siemens and the Ministry of Entrepreneurship and Technology shows 

that engineering competences of the present day are a combination of hard technical 

qualifications with their "soft" counterparts, and the key to success is the ability to work 

in a team combined with effective communication of processes. 
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Abstract: High demands on the aesthetics of the final product as well as 

sophisticated packaging shapes make the labeling process an operation that requires 

more and more precision and quality of workmanship. The quality of the labeling 

process is influenced mainly by the technology used, i.e. machinery and equipment, 

the knowledge, skills, and experience of operators, organization and working methods 

used, and by aspects related to proper maintenance. This article is a case study on 

the analysis and evaluation of the technology used in the process of labeling glass 

packaging and its impact on quality and work safety. The article aims to answer the 

question: does the labeling machine used by the surveyed company, due to the 

current portfolio of modernity of its parts and subassemblies, guarantee the realization 

of the labeling process at a high quality level and work safety. The article discusses in 

depth the factors influencing the quality of the process of labeling glass packaging in 

the studied company, paying attention to the issues related to the applied technology. 

ABC technology method was used to assess technology level and also indirectly 

safety level and Ishikawa diagram, L shape matrix diagram and affinity diagram to 

analyze and improve quality level. The article ends with a list of specific improvement 

actions to be taken to achieve the ultimate goal of managing the technology of glass 

packaging labeling - high quality of the final product resulting from the labeling 

process. 

Keywords: labeling technology, machine modernity, quality, safety, improvement 

 

 

 

1. INTRODUCTION  

The high demands on the aesthetics of the final product, as well as the sophisticated 

shapes of the packaging, make the labeling process an operation that requires more 

and more precision and thus the quality of workmanship (Albert, 2010). Today, the 

label not only has an informative function but has also become a tool in the hands of 

marketing (Kula, 2004). The effectiveness of this tool is determined by not only the 

appropriate graphic design and shape adapted to the selected packaging but also by 

the durability, accuracy, and aesthetics of the label application (Prinsloo et al., 2012). 

Labeling is one of the last operations in the packaging process before the shipment of 
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products to the customer. The quality of this process will determine whether the 

product will be appreciated by the customer (Ampuero and Vila, 2006; Klimecka-

Tatar, 2017; Ulewicz and Novy, 2019). Attractive label, correctly applied with care for 

high precision and aesthetics can attract the customer's attention and encourage 

them to buy (Jerzyk, 2014), which is consistent with the A.I.D.A model (Hadiyati, 

2016). Carelessly labeled packaging (ex. crooked, dirty label) may discourage the 

customer from the product itself. Before deciding to buy a product with a label, 

customers reach for it from the shop shelf, look at it, read the relevant information 

from the label and if the product convinces them - they put it in the basket and pay for 

it (Stir, 2018; Blythe, 2008). The process of product labeling and its outcome, its 

aesthetics is a factor determining consumers' purchasing decisions and influencing on 

sales volumes (Mumcua and Kimzan, 2015; Bloch et al., 2003). A product may 

"defend" its quality after it has been purchased, but the customer may not give it such 

a chance if he finds, through a visual assessment, that the aesthetics of the product 

itself is far from his expectations (Ulewicz, 2016). This is in line with a well-known 

saying: "fine feathers make fine birds" – low quality of the labeling process (assessed 

by an external view of the product) has an impact on the perception of the total quality 

of the product itself discouraging the customer from buying it (Wyrwa and Barska, 

2017). 

The factor determining the quality of the labeling process and its result is the 

technology used. The labeling process due to its automation is realised by labeling 

machines and devices (Lee et al., 2008). The labeling machine is the main "carrier" of 

labeling technology. Such factors as age, technical condition, way of cleaning, and 

maintenance of labeling machine can affect the quality level of the final product and 

work safety (Ulewicz et al., 2013). The level of machine modernity has an impact on 

the quality of the realised process/manufactured product (Knop et al., 2008). 

Technology is often equated with equipment and apparatus or with a collection of 

installations, machines, and tools capable of carrying out production tasks in a given 

time (Bullinger, 2009). However, technology is not just about its material element 

(machines and devices). Technology in a broader approach is (Lowe, 1995) 

a combination of knowledge, skills, the experience of employees, machines, devices, 

methods of process implementation as well as production and work organization. All 

these factors should be taken into account to assess the impact of labeling technology 

on the quality of this process and work safety level. However, the basic technology 

elements are people, machines, methods, and management, so factors from the 4M 

category appearing in the Ishikawa diagram (Coccia, 2017). The quality of the labeling 

process and work safety level is the result of technology factors influence that need to 

be identified and analyzed in order to improve the quality of the final product.  

The aim of the article is to identify and analyze factors related to labeling technology 

in the example of a selected food industry company in terms of their impact on the 

quality of the final product and the level of work safety and to propose improvement 

actions. 

 

2. METHODOLOGY 

The research facility is a medium-sized enterprise from the food industry located in 

the northern part of the Silesian Voivodship and operating in the industry since 1998. 

The company produces a wide range of food products, among the most important, 

are: canned vegetables, concentrates, vinegar, spices, dinner accessories, sauces, 
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juices, syrups, and fruit preserves. The company currently employs over 200 

employees.  

The labeling process was analyzed with one of the food products manufactured in the 

examined company - tomato concentrate packed in glass packaging with a paper 

label. Paper label is the only type of label used for this type of product. The only 

technology used to label tomato concentrate products is glass packaging labeling 

technology using paper labels.   

To assess the impact of labeling technology on the quality of the final product and 

work safety in the surveyed company, the concept of labeling technology was defined 

paying attention to its basic components (4M). The result of such analysis is shown in 

Figure 1. 

 

 
Fig. 1. Components of labeling technology and their reference to the category 4M 

 

The Ishikawa diagram, also known as the cause and effect diagram or fishbone 

diagram (Coccia, 2017; Siwiec and Pacana, 2021; Siwiec and Pacana, 2019), was 

used as a tool for the impact of technology elements on the quality of the labeling 

process and work safety level. The Ishikawa diagram allowed to present the 

relationship between the problems - the low aesthetics of the product after the 

labeling process (1) and accidents and near misses (2) (effects) and the factors 

(causes) causing them from the side of factors of labeling technology. Based on the 

specifics of the problems and their determinants, the following categories were 

selected for the analysis: machine, man, method, management (4M) and material, 

environment (5M + E). 

The main carrier of the tomato concentrate labeling technology in the studied 

enterprise is the labeling machine used. The labeling process in the company is 

carried out by the Alfa Quattro Junior to 200 labeling machine manufactured by an 

Italian company - ALFA Construzioni Meccaniche. This machine works in line, 

connected with other devices by belt (plate) conveyors. It receives products from the 

pasteurization station (pasteurizer), then passes them to the packaging station in 

shrink film (packing machine). The Alfa Quattro labeling machine is a machine 

designed for sticking paper labels on cylindrical packaging for label per one packaging 
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using starch glue. Sticking can take place on part of the circuit or the entire 

circumference. The adhesive is applied in strips along the entire length of the label. 

The working principle of the labeler (ALFA Construzioni Meccaniche, 1988) is based 

on cyclic pendulum movements through the label holder (1) with the cylinder (2) 

permanently moistened with adhesive and the dividing screw (3) rotating constantly. 

The incoming packaging is introduced through the screw (3) into the gluing zone after 

giving it the right phase and after separating it into the required distances. Within the 

screw, there is a label switch, which, after detecting the packaging, extends the 

solenoid lever, which results in the label holder getting closer to the adhesive cylinder 

(2). The cylinder takes the label and transfers it to the gluing zone. Then the label is 

transferred from the adhesive cylinder to the roller station (4) and returned to the 

packaging supplied with a screw (3). Then the packaging (along with the beginning of 

the label attached) goes to the roller station (5) where it is rolled around its axis. 

During this movement, the label is pulled out all the way and at the same time 

pressed against the packaging by a sponge (6). The view of the tested labeling 

machine together with its most important components is shown in Fig. 2, and the 

machine safety is regulated in accordance with the rules (Fíla, et al., 2020; 

Kielesińska, 2020). 

 

 
Fig. 2. View of the tested labeling machine (a) and its selected components (b): 1) label 

feeder, 2) gluing cylinder, 3) dividing screw, 4) roller station, 5) end roller stand, 6) foam pad 

 

It was assessed whether the applied labeling machine due to the current technology 

portfolio and the level of modernity could ensure the correct quality of gluing labels on 

jars and work safety. To assess the level of the machine modernity, the ABC 

technology method and the Parker 5-level scale were used (Stasiak-Betlejewska and 

Borkowski, 2009). The ABC technology method assumes, before carrying out the 

assessment, the division of the machine components into 3 categories (marked as A, 

B, and C) with a different contribution to the market value of the machine and creating 

added value for the product. "A" subassemblies are so-called basic subassemblies, 

which include fundamental machine subassemblies guaranteeing the product special 

attributes and determining its market value. "B" subassemblies are supportive 

components, often of a general nature, whose role depends to some extent on the 

basic subassembly. The users are usually not interested in development of this 

subassemblies category. They will benefit from their improvements during buying the 

machine. "C" subassemblies are secondary components, which are mainly 

technologies that are not subject to the user's innovative activity and are not of great 

importance when buying a new machine, but they should not be completely ignored, 

because they determine the safe operation (Ingaldi, 2015). The assessment of the 

level of the materialized machine technology in the ABC technology method is made 

by assessing individual machine parts and assemblies (Ingaldi and Dziuba, 2015). 

 

a) b) b) 

1) 

3) 

4) 

5) 

6) 
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This assessment is done using a 5-point Parker scale, where the individual levels 

mean: 

 level 1 - simple parts, it is possible to manufacture them using craft techniques, 

e.g. covers, machine foundation, 

 level 2 - parts for the production of which unchanged technologies have been 

used and known for many years, e.g. standard engine cooling system, 

 level 3 - parts manufactured using mastered technology that requires 

appropriate technical knowledge, e.g. a standard electric motor, 

 level 4 - parts that have been manufactured using modern market technologies, 

e.g. displaying information on the control panel monitor, 

 level 5 - parts resulting from the combined use of modern technologies, 

patented and found only in the machine of a specific company (Stasiak-

Betlejewska and Borkowski, 2009). 

The results of the unintentional, non-standard, unfavorable influence of technology 

elements (4M) on the labeling process are the internal products nonconformities, 

complaints, and also accidents at work. It will be assessed by Ishikawa diagram the 

impact of the technology elements (4M) on the occurrence of product aesthetics 

nonconformities and accidents at work and near misses, taking into account impact of 

important non-technological factors such as material and environment. To analyze the 

relationship between the all analysed elements (technological and non-technological) 

and product nonconformities and accidents at work, one of the quality tools from the 

group of so-called "new" (descriptive) will be used - the matrix diagram (Fonseca et 

al., 2015). The matrix diagram will make it possible to indicate the impact of the 

category of technology factors on nonconformities and accidents at work occurrence, 

after taking into account the importance of the nonconformities and accidents under 

consideration for the customer and company's owner. 

A well-defined and analyzed problem is a half-resolved problem. After the 

identification of the factors affecting the problem of the low quality of the labeling 

process and work accidents will be done, the identification of the ways of solutions to 

the problem will be identified and grouped. For this purpose, one of the new quality 

tools will be used - the affinity diagram (Fonseca et al., 2015; Biały and Hąbek, 2018). 

 

3. RESULTS AND DISSCUSSION  

3.1. The level of machine modernity and its impact on the quality of the process 

and work safety 

The labeling machine subassemblies have been identified based on its operation and 

maintenance documentation (ALFA Construzioni Meccaniche, 1998) and then 

classified into categories A, B, and C according to the ABC technology method. The 

percentage result of this classification is shown in Fig. 3. 

 

 
Fig. 3. The structure of modernity of the labeling machine subassemblies: a) basic 

subassembly “A”, b) supporting subassembly “B”, c) secondary subassembly “C”. 
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In the case of the basic subassembly, there are mainly subassemblies at the second 

level of modernity (60%), followed by the third (40%). For the supporting 

subassemblies, 50% of the subassemblies were rated at the second level of 

modernity, 40% at the third. Half of the secondary subassemblies were classified at 

the first level of modernity, while half at the second level. The Pareto-Lorenz analysis 

(Pacana and Czerwińska, 2019) for the levels of modernity of all subassemblies of the 

tested machine allowed obtaining the results, which are shown in Fig. 4. 

 

 
Fig. 4. Pareto-Lorenz diagram for analyzing the share of levels of modernity of labeling 

machine subassemblies 

 

The modernity of the subassemblies of the labeling machine is between 1 and 3 

levels on the Parker scale. The second level is the dominant level of modernity (14 

out of 26 all subassemblies), which indicates that the labeling machine cannot be 

classified as technologically modern machinery. The analysed machine is structurally 

simple, technically easy to maintain, and repair. The basic subassemblies of the 

machine involved in the application of labels on jars are made using known 

technologies, unchanged for many years. They can be produced or reproduced using 

basic machining processes. Noteworthy is the poor results recorded in the 

subassemblies responsible for applying the adhesive and applying it to the label 

before gluing. The technical solutions used in the machine create difficulties with 

maintaining cleanliness around the machine and have an impact on the aesthetics of 

the final product and also the level of work safety (possibility of slipping, falling, 

fractures of limbs, or head injuries). However, it is affected in particular by the 

technical condition of these components and their proper maintenance. Is the low 

level of machine modernity the main reason for the poor quality of the labeling 

process and accidents at work and near misses? The answer to this question is the 

next section in this article. 

 

3.2. Analysis of factors on the side of technology affecting the quality of the 

process and work safety 

It was made the identification of influence the technology & non-technology factors on 

low aesthetics of the final product and on accidents at work and near misses. To this 

end, workshops were organized in the company to which people who could contribute 

the most in terms of learning about the causes of this problem were invited. Data were 

also collected on accidents at work and their causes related to the analyzed 

packaging labeling station. A brainstorming was carried out in which participants were 

asked what the reasons for the analysed problems are. Participants' answers were 
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written on a piece of A0 paper. In the next step, answers were grouped into 

categories 5M + E and presented in the form of the Ishikawa diagrams (Fig. 5). 

 

accidents and near misses 

on the labeling line

missing or incorrect instructions 

for safe work on the machine
tolerance by 

supervision of 

deviations from 

the principles of safe work
lack of or inadequate 

training in health and

 safety at work

no supervision

inappropriate psychophysical 

condition of the employee

 

Fig. 5. Ishikawa diagrams for analyzing the causes of low product aesthetics after the labeling 

process and reason for potential accidents and near misses on the labeling line 

 

The problem related to the low aesthetics of the product is a complex problem, which 

is influenced by many different factors from the area of 5M + E. The analysis of 

factors from the Ishikawa diagram shows that in the "machine" area, experts noticed 

problems related to its improper technical condition, improper maintenance, servicing 

and cleaning, wrong choice of accessories, wrong machine positioning. "Man" is also 

the cause of poor quality labeling, in particular his lack of knowledge on how to care 

for the machine, his lack of responsibility, commitment, poor training. Problem issues 

also appeared on the side of "methods" of work and production. Inadequately cooled 

product, poorly dosed, too warm, too wet, too short section of conveyor between 

pasteurizer and labeling machine are problems that require solutions. "Managing" the 

production process and machine maintenance is also an area for improvement. Poor 

work organization, communication between employees, too fast production, frequent 

retooling due to frequent changes in production plans, high rotation of employees in 

workstations, lack of continuous maintenance, inefficient quality control require an 

effective solution. What enters the process must also be good, in the sense of starting 

"materials" (glue, jars, and labels). There were also irregularities in this area. Improper 
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storage of finished products (bad ambient conditions, temperature), i.e. the 

"environment" area, can also cause nonconformities.  

As can be seen from the analysis, accidents at work or near misses are mainly 

caused by elements related to technology, i.e. machine, human, method (work 

organization), and management. Man and machine are the factors that determine the 

most possibility of an accident at work (the largest number of causal factors). 

Inappropriate behavior of an employee in the workplace, non-compliance with health 

and safety rules, ignoring the risk are just some of the factors that may cause 

accidents at the labeling station caused by the human factor. The poor technical 

condition of the machine, lack of care for regular maintenance and cleaning of the 

machine, the order in the workplace, low level of modernity of the machine causing 

problems with maintaining the technological regime, low level of machine protection 

are factors that are important in the "machine" category. 

The problems being investigated are complex problems. To solve them, it cannot be 

acted in one direction, paying attention only to one of the categories of problem 

factors. First, these activities should be targeted, oriented in critical areas. Which 

category of technology factors is critical? From which category it should be started 

improving the process of labeling. The answer to this question is in the next section of 

the article. 

 

3.3. Analysis of the relationship between the nonconformities types and 

accidents and near misses vs. technology factors 

The relationship between the nonconformities of the product and accidents and near 

misses (one side) and the categories of factors causing them has been analysed 

(second side) - technology (4M) and non-technology (rest). The result of such an 

analysis is presented in the form of a matrix diagram (Knop, 2016) in Table 2. Using a 

scale of 1-5, the importance of nonconformity for the customer and also the 

importance of accidents and near misses (generally) for the owner of the company. 

Based on the strength of the relationship a ranking of factor categories (6M) was 

developed for improvement purposes (Rosak-Szyrocka and Knop, 2018). 

 

Table 2  

Matrix diagram for the analysis of the impact of technology and non-technology categories 

factors on nonconformities related to the aesthetics of the product labeling process and on 

accidents and near misses 
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Nonconformities:          

Curved label on the jar 4 9 3 1 3 3 9 3 3 

Unstable label on the jar 4 9 3 1 3 3 9 9 3 

No label 5 9 3 1 3 3 9 0 3 
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2 labels on 1 jar 4 9 3 1 3 3 9 0 0 

Dirty / illegible label 5 9 3 1 3 3 9 9 1 

Damaged label 5 9 9 3 3 1 9 3 1 

The sum of the products: 243 111 37 81 71 243 108 49 

Ranking: I II n/a IV V n/a III VI 

Accidents and near 

misses: 
5* 9 3 1 9 1 9 1 1 

The sum of the products: 45 15 5 45 5 45 5 5 

Ranking: I II n/a I III n/a III III 

 

The analysis shows that “man”, as a component of the labeling technology, is the 

primary source (cause) of the nonconformities related to the aesthetics of the product 

and also accidents and near misses. His knowledge, skills, experience, and 

commitment to work influence the number of nonconformities appearing in the 

labeling process. Compliance with health and safety rules, not ignoring threats in the 

workplace, proper behavior, concentration on the activities performed, and proper 

psychophysical conditions are the factors that determine accidents and potentially 

accidental events in the examined workplace. 

The machine, and in particular its technical condition is a factor determining the 

creation of non-conforming products and work accidents. As a separate category, the 

machine's modernity has been distinguished and analyzed. As the analysis have 

shown, the low level of machine modernity is not an important reason causing the 

product nonconformities and also low work safety level. The machine was designed to 

work properly without arising any nonconformities and to work safety. Due to the 

construction, the base of operation, the technological advancement, however, it is not 

a completely fault-proof machine, insensitive to any non-standard situations that may 

arise during its operation, and 100% error/mistake-proof in range of safety (low level 

of parts modernity in secondary subassembly “C”). But, what should be underlined, 

the analysed labeling machine if will be properly maintained (maintenance, cleaning, 

repairs, inspections), in good technical condition (as results of these activities), 

properly operated (training, manuals, control), working in proper environmental 

conditions (humidity, temperature), on high quality materials (glue, label, jar) can 

produce good products regardless of the level of modernity and also reduce risk of 

work accidence appearing. 

The area of organization and management, as well as production and work methods, 

is, as it turned out, an important determinant of product nonconformities and a very 

important reason for work accidents. Lack of system solutions in the field of 

maintenance, production planning forcing often change production plans and 

changeover, the high pace of production, ineffective quality control based only on 

human senses, poor communication between various divisions of the organization 

about current problems (production/quality/safety) are problematic themes that must 

be solved to facilitate the machine's work at a high quality and safety level. The 

analyzes show that technology has a very strong impact on the quality and safety of 

the labeling process. What improvement actions should be taken to limit product 

nonconformities and increase safety level? Proposals for such actions are presented 

in the last part of the article. 
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3.4. Proposals for actions to improve labeling technology management in the 

context of increasing quality and work safety 

Labeling technology as a combination of man, machine, methods, and management 

is a factor determining the quality and work safety problems related. In response to 

the potential to improve, the countermeasures were identified, which are summarized 

in Table 3. 

 

Table 3 

Relationship diagram for grouping remedial actions to improve quality (Q) and safety (S) level 

MAN  MATERIAL  

 Detailed on-the-job instruction (Q, S) 

 Detailed responsibilities (Q, S) 

 Development of a reward system (Q, S) 

 Training (Q, S) 

 Letters of praise (Q) 

 Assigning people to devices (Q) 

 Handing over the machines at the end 

of the shift with acknowledgment of 

receipt (Q) 

 External training (Q, S) 

 Developing an incentive system (Q, S) 

 Conduct audits at suppliers of material/ 

packaging (Q) 

 Statistical acceptance control of material / 

packaging supplies (Q) 

 Specify the storage conditions for labels (Q) 

 Quick response to bad labels (Q) 

 Buy a label shuffling machine (Q) 

 Specify the procedure before starting 

labeling (checklist) (Q, S) 

 Specify methods for testing adhesive 

quality (training) (Q) 

 Correct setting of the machine - workplace 

instructions + training (Q, S) 

 Warm up the adhesive before labeling (Q) 

 Looking for new and better quality 

adhesives (Q) 

 Standardization of packaging mass (Q) 

 Ordering packaging with a label field 

(eliminating packaging without a label field) 

(Q) 

MACHINE  

 Providing respectively (qualitative) 

tooling (Q) 

 Choosing the right operating 

parameters (Q) 

 Improving machine set-up (Q, S) 

 Determine the minimum stock levels for 

critical parts (Q). 

METHOD  MANAGEMENT  

 Increase product cooling before 

delivery to the labeler / ensure proper 

product temperature (Q) 

 Install dehumidifiers (elimination of wet 

jars) (Q) 

 ensure appropriate conditions / 

parameters of the material storage / 

raw / packages (Q, S) 

 Appropriate segregation of materials / 

packaging before delivery to production 

(Q, S) 

 Extend the conveyors from the labeler 

to the packing machine (Q) 

 Purchase packaging quality control devices 

(Q) 

 Specify the product control system in stock 

(Q) 

 Better production planning / elimination of 

frequent changeovers (Q, S) 

 Standardization of packaging and labels (Q, 

S) 

 Ensure three-shift maintenance (Q, S) 

 Mechanics and electricians training (Q) 

 Scheduled machine inspections (Q, S) 

 Assigning employees to workstation on the 

shift (Q, S) 

 

In order to improve the quality of the product and work safety, it is necessary to start 

from the key component of technology - man. Actions are needed to increase the 

knowledge, responsibility of employees, their involvement, and motivation in work, 

which requires systemic solutions. Employees who are properly motivated and 

rewarded will certainly work more efficiently, scrupulously, and also safety. This 
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applies to machine operators as well as maintenance department workers. Secondly, 

the focus should be on the machine and work method: organize the right tooling, 

ensure the correct working parameters, improve the machine setting by preparing the 

appropriate visual instructions, and determine the minimum inventory for critical parts 

of the machine. Thirdly, it is important to ensure the quality of the materials supplied, 

i.e. jars, labels, and glue. In the case of packaging, first of all, their shape and quality 

are important, as well as repeatability of dimensions and appropriate rigidity. In 

relation to labels, the stability of dimensions, the quality of their printout, the manner 

and storage conditions as well as the skillful "handling" before placing them in the 

label feeder of the labeling machine are important. The quality of the adhesive used, 

its type, brand, technological parameters (e.g. drying time), and the method of its 

preparation affect the label labeling durability. Better, more selected material suppliers 

and appropriate system solutions (method and management area) are needed. 

 

4. CONCLUSIONS 

The management of labeling technology is a process that requires skillful coordination 

of technology and non-technology related factors to achieve the objectives of quantity, 

quality, safety, cost, and in the end obtaining customer satisfaction and competitive 

advantage. The correct technology management and its factors (5M) is needed to 

achieve goals in quality and safety. In the article was proven that basic technology 

factors influence the quality of the labeling process and work safety in different ways. 

The article was identified and analyzed the factors of labeling technology affecting 

quality problems related to its aesthetics. Categories factors relevant to the labeling 

technology were identified, also the impact of these categories factors (and 

technology itself) on quality problems (nonconformities) and accidents & near misses. 

Improvement actions were proposed, which will contribute to improving the quality 

and safety level on the labeling station. 

The results underlined that the analysed labeling machine is not modern, but a low 

machine modernity level influences in a slightly way the quality of the labeling process 

and safety level. It was emphasised that although the analysed machine is not 

modern, it could ensure work at the appropriate quality and work safety level, but it is 

necessary to ensure its proper working conditions. Man and method are key elements 

in the field of labeling technology management in the studied enterprise for achieving 

quality and work safety objectives. The man and work method turned out to be the 

main causes of quality and work safety-related problems. A properly set, maintained, 

cleaned machine with a good technical condition will be able to properly carry out the 

labeling operation. Actions are needed to improve these key technology areas. It has 

been shown that these activities should be aimed at improving the knowledge, skills of 

employees, their approach to work, motivation, and increased responsibility. Even the 

latest technology, if not properly maintained, can create quality and safety problems, 

and vice versa, older technology, whit proper take care of it, should performing tasks 

of a high quality and safety level. To increase the current labeling technology level 

investments in a new machine with a newer technology portfolio are necessary, which 

is expensive action and in this particular case unjustified. It is enough to take 

appropriate improvement actions in the area of technology to achieve satisfactory 

results in the area of quality and work safety. Properly managed labeling technology 
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focused on the human factor and work methods should bring the expected quality and 

work safety effects to the company. 
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Abstract: Determining the parameters of the production system as well as the choice 

of the type of manufactured elements flow shall appoint the level of effectiveness of the 

manufacturing process. The article presents an example of implementation the 

simulation verification process of the production flow, taking into account system 

constraints. The basic stages of developing a simulation model in this process are 

discussed, taking into account the necessary information and input data. The results 

show the impact of the application selected flow scenarios on the level of generated 

costs and the duration of the manufacturing process. The process of assessing 

individual variants of the organization production was performed on the basis of the 

results obtained by computer simulation in the FlexSim simulation software. 

Keywords: computer simulation, production processes, FlexSim, improvement 

 

 

 

1. INTRODUCTION 

The development of modern computer technology, especially in the field of production 

engineering, has resulted in the emergence of the digital factory concept, understood 

as an entity representing a virtual reflection of real production processes. This concept 

is a direct result of the evolution  CAD (Computer Aided Design), CAM (Computer Aided 

Manufacturing) systems, integrated enterprise management systems (ERP / ERP II) 

and the need to reduce the costs of designing and implementing production systems. 

Thanks to the use of comprehensive IT solutions in the field of modeling and simulation 

of manufacturing processes, a significant economic benefit is achieved, especially in 

mass production (Herma, 2011; Le et al., 2020). 

This is why there are more IT solutions in the area of tracking, monitoring and visualizing 

the course of production processes in real time. The effectiveness of the production 

planning and scheduling processes, in particular at the stage of simulating virtual 

models of a digital factory, depends primarily on the mathematical models and 

optimization algorithms used (Świder and Zdanowicz, 2005). In complex production 

systems, this efficiency is translated primarily into achieving a lower level of production 

costs, shorter production cycle times with high data processing efficiency at the same 

time. It is also desirable that the digital model reacts quickly to changes (Herma, 2011; 

Klimecka-Tatar, 2018). 
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The methods of development and product management are a consequence of the 

modern market, which requires the supplier to act quickly and flexibly, as well as a fast 

and flexible offer adapted to the current customer needs (Bartnicka et al., 2020; Fila et 

al., 2020; Gola and Korzan, 2011; Kapustka, et al., 2020; Ulewicz and Mazur, 2019). 

Additionally, it requires simultaneous processing of information, communication and 

coordination of activities (Krynke and Mielczarek, 2018). The above-mentioned 

elements make companies more and more often using IT tools supporting the 

processes taking place within their internal activities (Jakubowski and Weretko, 2010). 

One of them, presented in this paper, is FlexSim. FlexSim simulation program is used 

primarily for modeling, simulation and visualization of business processes (Beaverstock 

et al., 2012; Krenczyk, 2018). Importantly, it can help to solve inventory and work in 

progress(WIP) problems, to optimize the production line, to determine business 

performance, to manage bottlenecks, to test new planning practices, to justify 

productivity and capital expenditure (Gołda and Kampa, 2009). 

FlexSim allows realizing and animate 3D models and to create models directly using 

C ++. It is supported by simulation and graphic libraries (Leks and Gwiazda, 2015; 

Cegłowski, C., 2006). 

 

2. PRELIMINARY ASSUMPTIONS FOR THE CONSTRUCTION A SIMULATION 

MODEL OF THE PRODUCTION LINE 

   

The subject of the research described in the article was evaluate in the various variants 

of the organization of the production cycle. The production process of gears (Fig. 1), 

carried out in a production plant specializing in the production of machine components, 

was analyzed. 

 

 
Fig. 1. Manufactured detail - gear wheel 

Source: own study 

 

In order to obtain the results necessary to perform the analysis, a model reflecting the 

considered process was built in the FlexSim simulation software. Depending on the 

type of material flow used and the size of the batch (determined by the size of the order), 

the parameters generated by the analyzed process (production duration, level of 

generated costs) were verified. As a result of the computer simulation, the results were 

obtained, enabling the selection of the best flow organization among the tested variants 

(ensuring the reduction of production time and costs). 

At the initial stage of creating the simulation model, assumptions were made regarding 

the considered manufacturing process, i.e. (Pawlak and Nowacki, 2017): 

 the built model included the production process of the detail for three batches 

sizes: 1, 10 and 100 pieces, 

 three types of flow have been verified: series, parallel and series-parallel, 
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 the production process included making only one series of elements of the 

selected type, 

 failure frequency of individual production stands has not been taken into account 

and the fact of possible delays caused by random events has been ignored. 

In order to map the existing production process, sets of the following values have been 

established: input (type and time of material flow), output (time of making a specific 

batch of elements), fixed (type and time of performing technological operations as well 

as used production stations and their arrangement). 

Table 1 summarizes the data on the duration of individual technological operations, 

process routes and positions on which the selected operation will be performed.  

 

Table 1 

List of technological operations 

Operati-

on 

number 

Type of operation 
Workstation,  

type of transport 

Process 

time 

[minutes] 

Distance 

[m] 

1. Raw material storage Queue – – 

2. Inter-departmental transport Forklift – 50 

3. Inter-operational storage Queue – – 

4. Inter-workstations transport Operator – 3.5 

5. Cutting the material Processor 7.5 – 

6. Inter-workstations transport Operator – 3.5 

7. Inter-operational storage Queue – – 

8. Inter-workstations transport Operator – 3.5 

9. Drilling Processor 4.1 – 

10. Inter-workstations transport Operator – 3.5 

11. Inter-operational storage Queue – – 

12. Inter-workstations transport Operator - 3.5 

13. Turning Processor 11.0 – 

14. Inter-workstations transport Operator – 3.5 

15. Inter-operational storage Queue – – 

16. Inter-workstations transport Operator – 3.5 

17. Gear hobbing Processor 28.8 – 

18. Inter-workstations transport Operator – 3.5 

19. Inter-operational storage Queue – – 

20. Inter-workstations transport Operator – 3.5 

21. Gear chiselling Processor 21.3 – 

22. Inter-workstations transport Operator – 3.5 

23. Inter-operational storage Queue – – 

24. Inter-workstations transport Operator – 3.5 

25. The heat treatment Processor 10 – 

26. Inter-workstations transport Operator – 3.5 

27. Inter-operational storage Queue – – 

28. Inter-workstations transport Operator – 3.5 

29. Grinding Processor 7.0 – 

30. Inter-workstations transport Operator – 3.5 

31. Inter-operational storage Queue – – 

32. Inter-workstations transport Operator – 3.5 

33. Control Processor 5.0 – 

34. Inter-workstations transport Operator – 3.5 
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35. Completing products Queue – – 

36. Inter-departmental transport Forklift – 50 

37. Finished products storage Queue – – 

Source: own study 

 

The duration of technological operations presented in Table 1 covers the total duration 

of a given production operation (there is no division into unit and preparatory-completion 

time).In this process, there are 7 technological operations that add value to the product 

and there is one control operation. The others are storage and transport operations. 

 

3. CONSTRUCTION OF A SIMULATION MODEL WITH THE USE OF FLEXSIM 

SOFTWARE 

The task of the simulation model was to faithfully reproduce the analyzed production 

process. Therefore, it has become necessary to correctly model the entire simulation 

system, along with the determination of the relationships between individual objects and 

assigning them to characteristic quantities. The components included in the model 

included: source, 8 production stations, 8 operators, 10 inter-operational buffers, 1 

buffer for defective products, 2 transporters and a warehouse for finished products. 

Figure 2 presents a model of the distribution of all objects that actively participate in the 

production process. 

 

 
Fig. 2. Model of the analyzed production line in the FlexSim program 

Source: own study  

 

The model includes three production cycle flow of organization systems: 

 serial system, 

 parallel system, 

 series-parallel system. 

cutting 
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The first step in the implementation the simulation model was the distribution of all 

machines on the analyzed production line, and the use an appropriate scale so that the 

distances between the objects in the model were kept. (Jurczyk and Wzorek, 2018). 

It was established that the flow element that will be generated in the model will be a box 

simulating the processed detail. For the purposes of the model, it was assumed that the 

flow elements will be generated in the amount corresponding to the size of the 

production batch. An object of the Source type was used to generate flow elements. 

The flow elements generated by the source are then transported by a forklift truck to 

the first queue to the cutting station. The maximum capacity for the queue at all stations 

corresponded to the size of the production batch. For a model for a serial system, in the 

queue properties, set the option to group flow elements according to the batch size. 

However, in the case of simulating a serial-parallel system, the release of flow elements 

from the queue preceding the station with a shorter production cycle should be delayed. 

This can be set in the queue properties by using the appropriate flow triggers. 

Quality control is carried out on the last station, which was designed with the use of 

a processor. The time spent by one flow element in the processor is 5 minutes. Based 

on historical data, the ratio of products meeting quality standards to defective products 

was assumed in the 99% to 1% ratio (Knop, K., 2020). 

Correct products go to the queue from where they are transported by a transporter to 

the finished products warehouse. Products that do not meet the quality standards go to 

the second queue - defective products. This can be set in the processor properties by 

selecting "By Percentage" for the flow ports (FlexSim, 2017). 

After building the simulation model and connecting all the elements, the parameters 

defining the duration of individual operations, the size of the production batch, the 

amount of work costs of a given unit and the flow of the manufactured details were 

defined. The amount of the labor cost of the selected production position was calculated 

on the basis of the analysis of the departmental, general management and theoretical 

costs resulting from the assumed selling price of the manufactured element and the 

purchase price of raw materials. In the case under consideration, the cost of work or 

downtime for one production station was fixed at 50 PLN/hour. 

 

6. ANALYSIS OF SIMULATION RESULTS 

The simulations were carried out for three selected flow organization systems: serial, 

parallel and series-parallel systems, and various sizes of production batches. Figure 3 

shows the production schedule for a batch of 10 products, at different production cycles. 

A series waveform occurs when a batch of parts being machined is transferred in full to 

the next operation only after all the work on the preceding operation is completely 

completed (Fig. 3a). The parallel course is characterized by the fact that the transport 

batches are transferred to the next operation immediately after the completion of the 

previous operation (Fig. 3b). If the size of the unit times of individual operations is 

different, there will be a full load of the stations performing the most time-consuming 

operation, while in the case of less labor-intensive operations there will be breaks. 

The series-parallel course is characterized by the fact that each subsequent operation 

begins before the work on the preceding operation is fully completed, with the entire 

batch of parts going through each operation without any interruptions (Fig. 3c). The 

start time for the next batch operation may vary depending on whether the operation 

execution time is shorter than the preceding operation or longer. Two cases result from 

this: 
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 if the next operation is a shorter operation than the previous one, it can start at 

such a time that when all the pieces are processed in the previous operation, 

there is still one transport batch for the next operation, 

 if the next operation is longer than the previous operation, it can be started after 

one transport batch has been made on the previous operation. 

 

 

 

 
Fig. 3. Product flow cyclogram at individual work stations for a batch of 10 products: a) for a 

series cycle, b) for a parallel cycle, c) for a series-parallel cycle 

Source: own study 

a) 

b) 

c) 
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Figure 4 presents a graph showing the degree of use of individual stations during the 

implementation of 10 items of products. It can be seen that the milling station is 

characterized by the highest load. 

 

 

 

 
Fig. 4. The workstation efficiency for a batch of 10 products for cycle: a) serial, b) parallel, 

c) series-parallel 

Source: own study 

 

Based on the obtained results analysis, it was found that the use of serial flow causes 

a percentage decrease in the use of all production stations in relation to the total 

duration of the production process (including the time of execution of all technological, 

transport and inter-operational storage operations). 

The impact of individual batch sizes and the type of flow used on the production time 

and cost of production are shown in Figure 5. The presented results clearly indicate that 

in the production of 10 and 100 pieces of elements, parallel and series-parallel flow 

enables the production of the entire batch in the shortest time (Fig. 5a ). The shortening 

of the production cycle completion time is due to the lack of long-term interruptions in 

a) 

b) 

c) 
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the production process resulting from the waiting of the workplace for the completion of 

previous operations. 

 

 

 
Fig. 5. Production process time (a), production cost (b) 

Source: own study 

 

Due to the direct influence of the production process time on the level of generated 

costs, the most economically advantageous (generating the lowest costs) was the 

parallel flow, Fig.5b. For comparison, with the production of 10 and 100 pieces, the cost 

of using serial flow in the production process will be more than twice as high as in the 

case of parallel flow. 

In the case of parallel and series-parallel flow, the percentage degree of use of the 

stands is higher for the implementation of 100 items than for the production of 10 items 

(Fig. 6). This phenomenon is caused by a decrease in the percentage waiting time of 

the first working station (cutting) for the delivery of the input material (Pawlak and 

Nowacki, 2017). 
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Fig. 6. The load on the workstation for the longest production cycle 

Source: own study 

 

5. CONCLUSION 

Owing to the use of the FlexSim program, it was possible to build a model of the entire 

production line, which made it possible to analyze the load of machines during 

production and the load of buffers located between the machines. The built model 

enables checking various production solutions and testing potential problem-solving 

possibilities. 

Important conclusions can be drawn from the simulation that can be used to improve 

the analyzed process. In the case under consideration, for the production of 10 and 100 

pieces of elements (assuming that only one batch of elements is produced, with no 

breaks for other works), the parallel flow turned out to be the most advantageous, it 

ensured the shortest duration of the manufacturing process while minimizing costs. 

However, it should be taken into account that the complexity of the production process 

and in many cases its uniqueness make it difficult to formulate a thesis clearly indicating 

which of the tested types of flow is the most beneficial, because it depends on the 

specificity of the production plant and the strategy adopted by it defining specific 

priorities. 
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Abstract  

The paper aims to make a synthesis regarding the risks associated with the presence of 

industrial dust in the underground atmosphere of the coal mines. Thus, in the first part of 

it are presented relevant aspects regarding the health risk associated with the exposure 

to silica dust, as well as the flammability and explosiveness of the coal dust, in 

correlation with the mechanism of the explosion. The second part is dedicated to 

identifying and substantiating measures to combat the explosiveness of coal dust. In 

presenting the mentioned measures, the emphasis is placed on highlighting the scope 

and the specific advantages and disadvantages of each measure, with particular 

emphasis on the possibilities offered by the use of less employed  techniques in mining 

operations in the Jiu Valley, such as it is, for example, the treatment of mining works with 

hygroscopic substances. The purpose of the authors is to offer the experts in the field of 

management of occupational safety and health in the mining industry an overview, in 

conjunction with specific information elements that facilitate the decision-making 

processes regarding the minimization of the hazards associated with the degree of coal 

dustiness  in the Jiu Valley collieries. 

Keywords: dustiness, health risk, explosion hazard, prevention, minimization technique. 

  

 

1. INTRODUCTION 

The government, regulatory authorities and their agencies aim to improve 

occupational safety and health in order to reduce the costs of work-related injuries 

and occupational diseases incurred by the mining companies, while improving 

national competitiveness and efficiency (Romanian Parliament, 2006). Safety and 

health at work can contribute to increased productivity by reducing the number of 

people who retire early or who cannot work due to personal injury or work-related 

illness, by reducing the costs of medical care and social costs of accidents and 

diseases, by increasing people's work capacity, by improving their health and 

productivity, stimulating the most efficient working methods and techniques (Darabont 
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and Pece, 1996; Moraru and Băbuţ, 2000). 

Improvement of the coal mining technique, by introducing modern cutting and 

supporting equipment, has led, among other things, to the intensification of the dust 

formation phenomenon in underground mining works. The dust resulting from the 

process of extracting the useful mineral substance, dust existing at the work places 

either in suspension or in the form of deposits, presents a double hazard for the 

personnel that carry out this activity: i) a health hazard, by the fact that after a certain 

period of activity it can produce the occupational illness by pneumoconiosis; ii) an 

explosion hazard, knowing that at a certain amount of dust, in the presence of 

favorable factors and of an ignition source, can trigger explosions with particularly 

negative effects, both social and economic, well known -  unfortunately - at the level of 

the Jiu Valley coal basin (Băbuţ and Moraru, 1999; Moraru and Băbuţ, 2000; Stassen, 

1981 ) 

  

2. HEALTH RISK. PROPERTIES OF SILICA DUST AND FACTORS DETERMINING 

THE HARMFULNESS ASSOCIATED WITH EXPOSURE 

Dust can be defined as a finely divided solid substance which, depending on the size of 

the particles, their concentration and composition, if present at workplaces, either in 

suspension or in the form of deposits, presents a double hazard for personnel (Voicu, 

1988): 

i. a health hazard, as it may induce after a certain period of exposure the 

occupational disease of the staff by pneumoconiosis; 

ii. an explosion hazard, knowing that at a certain amount of combustible dust 

(airborne or settled), in the presence of favorable factors (the presence of 

methane) and a source of ignition, it can trigger explosions with catastrophic 

effects. 

These hazards are known for a long period of time, a fact confirmed by the sustained 

efforts made to study how they are produced, how they behave in the environment, how 

they are measured and how they are mitigated (Moraru et al., 2011). 

In this sense, to define the dust and the extent to which it is present in the atmosphere, 

several parameters or combinations thereof have been used;  the most important are: i). 

number of particles per unit volume; ii) particle distribution according to their size; iii). the 

amount of dust related to the volume unit; iv). dust surface per volume unit; v). the 

chemical composition; vi). the mineralogical nature. 

The first four parameters depend not only on how the dust is formed, but also on the 

physical properties of the particles in its composition. The property that has a direct 

influence on the behavior of the dust in the atmosphere is the particle size distribution, 

because the size depends both on their duration of stay in suspension, and on the 

manner in which they will be deposited on the walls or floor of the mine working. The rate 

of dust deposition also depends on the velocity of the air currents. Thus, in the case of 

the laminar flow regime, the dust particles, within certain size limits, will be deposited 

with a constant sedimentation rate, corresponding to Stokes's law. These limits include 

the sizes of particles that are of greatest interest for the underground activity, namely 

0.5-40 μm  (Berceanu, 1972). 

In the case of turbulent flow regime, the motion of the particles cannot be predicted and 

their removal from the air currents will be caused more by striking than by deposition. 

When small dust particles come into contact, they come together and separate very 

hard. The cohesion forces that give rise to this type of attachment are very small and, 
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because of this, they are efficient for the particles with dimensions of the order of 

microns.  In very dense dust clouds, many particles collide with each other due to 

Brownian motion, the resulting coagulation may lead to a decrease in suspended dust 

concentration (Băbuţ, 2012). 

Inhaling the airborne dust, especially the one with dimensions below 5 μm, is 

extremely harmful to the health of the underground personnel and leads to the 

occurrence of occupational diseases known as pneumoconiosis. Depending on the 

nature of the dust that caused them, they know different names such as: silicosis, 

anthracosis (caused by coal dust), baritosis, talcosis, asbestosis etc. The most 

serious of these is silicosis caused by silicon dioxide that attacks the lung tissue 

forming nodules. So far, the action of silicon dioxide on the human body has not been 

completely elucidated. In this sense, several theories have been issued (Băbuţ, 2012): 

 the mechanical theory, which assumes that quartz dust irritates the lung due to 

the sharp edges of the respective particles; 

 the solubility theory, which assumes that silicon dioxide dissolves in liquids of 

a biological nature and converts into silicic acid that acts on tissues; 

 the theory of crystal surface activity, which assumes that on the surface of 

freshly broken crystals there are free valences that have a high affinity to bind and 

thus a more intense biological activity. 

However, it is certainly and unanimously recognized that the main factors that contribute 

to the occurrence of pneumoconiosis among miners are (Matei et al, 2000): 

 the mineralogical composition of the rocks in which the mining works are executed; 

 the concentration of airborne dust in the workplace atmosphere; 

 the size (degree of fineness) of the airborne dust particles; 

 the duration of personnel exposure. 

 Regarding the situation existing in the mining operations in the Jiu Valley, in table 

1 are presented some suggestive data in this regard. 

 

Table 1 

The average SiO2 content [%] characteristic for the rocks in the Jiu Valley basin 

Crt. 

no. 

Rock type Average SiO2 content [%]   

1 Sandstones 26-90 

2 Greasy clays 10-27 

3 Clays 1.0-10 

4 Clays and marls 1.0-3.0 

5 Marls 1.0-1.7 

6 Coal shale 1.3-3.0 

7 Coal seam 3 2.5-8.0 

8 Coal seam 4 1.5-2.5 

9 Coal seam 5 0.5-7.5 

10 Coal seam 8-9 1.8-2.5 

11 Coal seam 13 1.5-3.5 

12 Coal seam 17-18 4.5-9.0 

Source: (Bitir and Kovacs, 1980) 
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Medical research on subjects affected by silicosis revealed that the dust retained in the 

lungs is generally below 7 μm and in an amount ranging from 0.25 g to 5-15 g, 

depending on the nature and characteristics specific to inhaled dust, the percentage 

representing maximum 1-2% of the total inhaled dust. Much of the dust amount inhaled 

is eliminated through the human body's self-defense mechanism (Teodorescu et al., 

1980). 

  

3. RISK OF EXPLOSION. INFLUENCE FACTORS AND ACTION PARAMETERS 

3.1. Influence factors 

The explosiveness of coal dust is conditioned by a complex of factors, of which the 

most important are discussed bellow, based on primary testing (Baron and Krausz, 

1997): 

a. Content in volatile matter 

The explosive capacity of coal dust increases rapidly to a volatile matter content of 25-

35%; after which this capacity decreases, almost as rapidly as it has grown. This 

explains the fact that in some types of coal, such as anthracite (which has a low volatile 

matter content, 1-2%), the danger of dust explosion is extremely low. It may also be 

mentioned that volatile matter is not an element of particle-to-particle explosion 

transmission in the dust cloud. Due to their incandescence, they change the surface of 

the coal particles in relation to their coking properties, becoming an indirect cause of 

process evolution. 

b. The degree of fineness 

The degree of fineness is the ratio between the amount of dust passing through the 

0.075 mm sieve (C0.075) and the total amount of dust (C1) with particles passing 

through the 1 mm sieve. 

 [%]100
1

075,0 
C

C
G f             (1) 

The explosiveness of the dust with the same content of volatile materials increases with 

the degree of fineness up to a certain limit, because the specific surface of the coal 

increases with the degree of fineness. The explosiveness no longer depends on the 

degree of fineness if 70-90% of the amount of dust passes through the 0.06 mm sieve, 

because a fine particle agglomeration tendency appears. The ignition temperature of the 

coal dust decreases as the fineness increases.  

c. Degree of dispersion 

The airborne dust concentration is variable in time and space and represents the amount 

of dust related to the volume unit. There is a minimum value of this parameter, the 

minimum explosive concentration or the lower explosion limit, below which the explosion 

cannot propagate. Above the upper explosion limit, the dust acts by the thermal inertia of 

the particles, the radiation dissipated by the combustion of a particle is absorbed by 

a large number of surrounding particles that cannot raise their temperature enough to 

take place, a similar phenomenon to the inhibition with extinguishing powders. The 

explosive limits of the coal dust vary in a quite wide area (table 2). Theoretically, the 

maximum intensity explosion in the case of pure carbon occurs at a concentration of 

112 g/m3, but experimental research has shown that, in the case of coal dust, the 

maximum dynamic effect occurs at concentrations between 100-300 g/m3. 
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Table 2 

Explosive limits of coal dust  

Conditions 

Limit explosion concentration [g/m3] 

Lower Maximum intensity 

explosion 

Upper 

 Laboratory tests (experimental) 

  

 In-situ tests (practical conditions) 

18-30 

 

100-120 

100-300 

 

- 

2000-3000 

 

- 

Source: (Gontean et al, 1987) 

 

d. Content in non-combustible materials 

Ash content, along with moisture content, is a heat inhibiting factor during dust 

explosions. The higher the ash content in the coal dust, the higher the ignition 

temperature of the dust cloud is required, and the minimum explosive concentration 

must be higher. V. Cybulski has established that the explosion does not occur at a 

concentration of 70-80% (firedamp mines) of non-combustible materials (Cybulski, 

1973). 

e. Petrographic constitution 

The petrographic constitution influences the explosiveness of the dust by the different 

behavior of the petrographic components, as well as their characteristics (gas and ash 

content, specific weight, etc.) (Petrescu, 1987). The vitrite is the most hazardous 

component. The fusite is the least dangerous, because although it has a tendency to 

break higher than vitrite, it contains lesser volatile matter and has a lot of ash. It has 

been established that, in mining operations in the Jiu Valley, from a petrographic point 

of view, coal dust contains vitreous (kaolinite and telinite) 15-72%, clarit (exinit, resinit 

and mertite), 21-84%, fusite which appears sporadically and mineral components 

(pyrite, marcasite, calcite, gypsum and clay). We notice the presence, in large 

quantities, of the most dangerous components (vitrite and clarite) and a particularly 

low contribution of the non-dangerous component (fusite) (Knebel, 1991). 

f. Moisture content 

Coal dust is considered neutralized when it contains at least 30% water. This 

influence is characteristic in the explosion priming phase. During the propagation of 

the explosion, moisture content can no longer play the role of a determinant inhibitor 

due to the large amount of generated heat. 

g. The presence of methane 

The presence of methane greatly increases the risk of coal dust explosion, even when 

present in low concentrations. A percentage of methane that by burning releases 90 

kcal is equivalent to about 12 g of coal (with a calorific value of 7500 kcal). For 

example, if the lower explosive limit of a coal dust is 40 g / m3 and if 2% CH4 is in the 

mixture, the lower explosive limit of the dust is reduced to 40 - 2 • 12 = 16 g / m3. For 

safety reasons, the lower explosive limit of coal dust is also determined by the 

addition of 2% CH4. 

h. The nature and strength of the ignition source 

Also Cybulsky (1973) established the influence exerted on the triggering and 

transmission of the explosion factors such as temperature, flame velocity and shock 

strength, under different dust mining conditions. The stronger the source of initiation, 

the lower is the minimum explosive concentration. The most hazardous sources of 

ignition are methane gas explosions and blasting operations. 
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3.2. The explosive parameters of coal dust 

It is considered explosive coal dust "all the granules that passes through the sieve 

with mesh of 1 mm side and come from the coal seams that have a content higher 

than 10% volatile materials related to the fuel mass" (C.N.H. - S.A., 2007).  

Explosiveness can be defined as representing the property of a substance that 

determines the level at which an explosion can be triggered under certain conditions 

and is characterized by the flammability and explosion parameters determined by 

laboratory methods. The mentioned parameters are presented in table 3. Researches 

in the Romania (Knebel, 1998) and worldwide (Bracke, 1987) have shown that there is 

an almost perfect parallelism between the parameters of the methane explosions and 

coal dust explosions. In the case of coal dust explosions, the products of the 

explosion usually contain a higher amount of CO, which can reach up to 5-6% 

(Knebel, 1996). 

 

Table 3 

Flammability and explosion parameters of combustible dusts 

Crt. 

no. 
Parameter  Definition Unit 

1 
Smoldering 

temperature, TM 

Lowest temperature of a hot horizontal surface that 

causes the appearance of the ember points on the 

surface of a 5 mm thick powder layer, deposited by free 

fall on that surface. 

0C 

 

2 
Minimum ignition 

temperature, TmA 

Lowest temperature of a source that causes the ignition 

of airborne dust. 
0C 

3 
Lower Explosion 

Limit, CmEx 

The smallest amount of powder in relation to the unit 

volume which ignites, in homogeneous mixture with the 

air, in contact with a source of ignition. 

kg/m3 

4 

Maximum 

explosion pressure, 

Pe.max  

The maximum of the winding curve of the explosion 

pressures corresponding to the concentrations in the 

explosive field. 

N/m2 

 

5 

Maximum velocity 

of explosion 

pressure increase, 

(dp/dt)max 

First derivative with respect to time at a given point of 

the ascending branch of the explosion pressure variation 

curve as a function of time. 

N/m2·s-

1 

6 
Minimum ignition 

energy, Emin 

Smallest energy amount of a spark capable of igniting 

combustion in a dust-air mixture. 
J 

Source: (Knebel, 1996). 

 

As illustrated graphically in Figure 1, the possibility of a coal dust explosion 

occurrence implies a simultaneous existence: 

 of the combustible substance - coal dust; 

 of the oxidizing agent - the oxygen in the atmospheric air; 

 of the ignition source. 
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Fig. 1. The hazard triangle of the coal dust -air mixture 

 

 As the first of the above mentioned elements (coal dust) has already been 

dealt with in detail, the following will present some aspects regarding the other two 

components of the danger triangle. 

A. Oxygen from the atmosphere of the technological space: the composition of 

the workspace atmosphere has a strong influence on the behavior of the coal dust in 

the process of ignition and explosion. The minimum oxygen concentration required to 

burn coal dust is 16%. The presence of methane in the atmosphere or other 

flammable gases and vapors leads to sensitization of the ignition of coal dust, 

reducing the minimum explosive concentration up to 8 times that of fresh air. . 

B. Sources of the dust-air mixture initiation: the cause of the explosion is the 

caloric energy yielded by the ignition source of the explosive medium. The most 

dangerous sources of coal dust explosions initiation are ignitions and explosions of 

flammable gases or vapors and improperly executed blasting operations with 

explosives, as they can simultaneously render dust airborne and can provide the 

minimum energy required to ignite the mixture. Spontaneous combustions, fires, 

flames, hot surfaces and ember may also be sources of explosion. There can be 

identified (Cârloganu, 1986): 

 initiation sources that do not always ignite the air-dust mixture and are 

considered to be of rank 1 (e.g. some sparks); 

 sources that almost always ignite the explosive mixture and which are of rank 2 

(mechanical spark, hot surfaces, flames, fires, glowing points, welding pearls, 

electric arc, improperly executed blasting operations, gas explosions). 

   

3.3. Mechanism of the deployment and consequences of the coal dust 

explosions 

In the course of a coal dust explosion there are three phases in which the following 

physical-chemical processes take place (Winter and Giltaire, 1984): 

a. Coal particle pyrolysis, coal distillation or gasification 

The coal particles in the vicinity of the source, under the influence of heat absorbed, 

decompose releasing volatile substances. Volatile substances contain flammable 

gases and vapors (hydrocarbons, carbon monoxide, hydrogen, tar, etc.), carbon 

dioxide and water as vapors. The temperature rise velocity, the maximum 

temperature at which the particle reaches and the duration of the heating is a decisive 

factor in initiating explosions. Under experimental conditions it was found that in the 

COAL DUST 
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 Size distribution; 
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case of hard coals the pyrolysis threshold is approximately 773 K and that volatile 

matter and especially tar have the ability to oxidize immediately after formation. In the 

case of bituminous coal, the pyrolysis threshold is lower (623 - 673 K) and the amount 

of volatile matter and tar is higher (Matei,  1991.). 

b. Burning of volatile substances - gas phase reactions 

Flammable gases and vapors form around the solid nucleus, in the presence of 

oxygen in the air, a sphere of flammable mixture. When the source energy is higher 

than the minimum ignition energy of the flammable mixture, it ignites after a period 

called reaction time. Reactions are complex, involving molecules of hydrocarbons, 

hydrogen, carbon monoxide, oxygen and various free atoms or radicals and 

intermediate products. 

c. Burning of the partially de-volatilized solid residue in the mixture 

The coal particle that went through the first two phases still contains a lot of volatile 

substances that are harder to release. The last phase is characterized by gas-solid 

reactions with the surrounding atmosphere and has a longer duration compared to the 

first two phases. The flame is propagated almost in close proximity of the gas mixture, 

the heat being transmitted by radiation to the environment that has not yet reacted. 

The explosion is self-propagating as long as there is enough coal dust available. 

  

 

4. MINIMIZATION TECHNIQUES FOR COAL DUST EXPLOSION HAZARD 

 

In mining works, coal dust deposits can accumulate in such quantities that by wrapping 

them they can form air mixtures at concentrations of tens of g / m3 or even more. In order 

to minimize the hazard of explosion related to both settled and airborne coal dust, 

depending on the local conditions, one of the following methods is recommended to be 

applied: 

 dust removal; 

 suppression by water sprinkling; 

 neutralization with non-combustible substances; 

 treatment of mining works with hygroscopic substances. 

Only the first three procedures are applied in practice in the Jiu Valley collieries.  

 

4.1. Dust removal 

The process of periodic removal of settled coal dust is applied, in particular, in the areas 

where it forms concentrated accumulations such as: rollers, overflows, spills, etc. Dust 

placed on machinery and electrical installations, especially in the area of the discharge 

points of the conveyor belts, should be removed daily. When removing the coal dust 

deposited on the walls and floor of the mining work, it is necessary to water spray it. The 

disadvantage of this simple technique is the relatively large workload, which makes it not 

practically applicable in most mining works. 

 

4.2. Dust stabilization with water 

In areas with high humidity, the deposited dust is considered neutralized if it does not 

have the possibility to rise in suspension or has reached saturation humidity. In case 

the neutralization of the deposited dust is done by spraying, the quantity of water 

required must ensure the saturation humidity of the dust (Bitir, 1982).  

The efficiency achieved by fixing the dust deposited by splashing water depends not only 



147  

 

 147 

on the amount of water used, but also on the drying time. The length of the drying time 

depends on a number of microclimate factors (air velocity, humidity and air temperature) 

and factors related to dust properties (grain size and coal nature). The properties of the 

coal that influence the wetting ability of the dust particles are: the degree of coal 

metamorphism, the type of the substances that determine the ash content, the humidity 

of the coal. This complex of factors that each act according to certain laws, in one way or 

another and interfere with each other, makes it difficult to interpret mathematically the 

physical phenomenon of dust wetting or drying. In this regard, the following aspects can 

be mentioned: 

 the moisture content of the dust varies depending on the properties of the dust and 

the environment; 

 the total humidity is inversely proportional to the degree of metamorphism; 

 coals consisting mainly of carbon and hydrogen and containing very little colloidal 

bound water, are hydrophobic and their humidification is unsatisfactory; 

 from the substances that give the ash content of coal, those that contain oxygen (for 

example, clay minerals) determine the moisture content of the dust; 

 the particle size is an important factor: in the case of small fractions (below 0.5 mm), 

the film water content is inversely proportional to the particle size; 

 at the same time, in the case of fractions below 0.5 mm the pore volume is filled with 

water due to capillary forces; particle agglomerations result when moisture is at the 

lower limit required for pore filling (about 6-10%). 

In view of the above, the process of fixing the dust deposited by splashing with water has 

been systematically studied and it is authorized with very severe restrictions. Figure 2 

schematically presents the results obtained from the tests regarding explosiveness 

determination of a coal dust with concentration initially determined with a known power 

ignition source. 

 
Fig. 2.  Water neutralization 

  

The straight line S whose equation is given by the relation: 

 WKAS anh                    (2) 

share the plan Aanh - W in two areas: 

 I - area below the straight line S in which the probability of coal dust explosion 

with properties (Aanh, W) is high; 

 II - area above the straight line S in which the probability of coal dust explosion 

with properties (Aanh, W) is very low.  

where: W is the total moisture content of dust coal, %; Aanh - the anhydrous ash content 
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of coal dust, %; K - factor that depends on the efficiency of the wetting process (K=2, for 

perfect wetting; K=1.3-1.5, for average wetting); S - the equivalent degree of 

neutralization that ensures the same safety level as the coal dust with the properties 

(Aanh, W) located on the straight line. 

As long as the properties of the dust are constant, the S value depends on the ignition 

source power and more or less the ease with which the dust can be dispersed by the 

blast of an explosion, thus S < 40 % for a coarse powder ignited by firing a charge of 

black powder into the mortar; S > 85 % for a very easily dispersible dust that is initiated 

by the explosion of a methane-air mixture. At low values of S (low intensity explosion), a 

humidity of dust is sufficient to prevent the lifting in suspension. In the event of a strong 

explosion, the dust is dried and dispersed by the blast and the heat generated by the 

explosion, the required amount of non-combustible substance (liquid or solid) being 

much higher than in the previous case. The value of K> 1 shows that adding a 

percentage of water to wet dust is more effective than increasing the content of solid 

non-combustible substances by a certain percentage. It turns out that: at W> 20% 

humidity regardless of the amount of ash in the coal dust the probability of explosion is 

low; at W> 12% humidity and ash content of coal dust AAnh > 35% also the probability of 

explosion is very low. 

The diagram shows that for humidity and ash content above the thick line the hazard is 

minimal. In the mining practice it is difficult to permanently ensure the proper humidity of 

the dust. Splashing with water, although it has the greatest practical applicability due to 

its advantages (low cost price, ease of application), is nevertheless accompanied by the 

following disadvantages: 

 by rapid evaporation of water and drying of dust deposits they again become 

hazard sources by their ability to rise in suspension; 

 working conditions are worsening when dust humidity increases above certain 

limits; 

 some types of coal dust do not get wet when sprayed with water, due to their high 

superficial tension (72,8·10-3 N/m). 

 

4.3. Neutralization of coal dust by the addition of non-combustible substances  

The inert dust that is used for neutralization must meet a number of quality requirements. 

Upon neutralization, the inert dust is applied evenly throughout the contour of the mining 

work. The length of the neutralized area must be permanently at least 200 m from the 

dust generating sources. If the hazardous areas exceed 200 m, further neutralization 

measures will be taken along the entire length of dust deposited, while the personnel 

must wear masks against dust. Neutralization by the addition of inert dust must ensure 

a content of non-combustible materials in the mixture of coal dust and inert dust of at 

least 80%. The control of the neutralization, using the colorimetric method, is done in 

each shift by the supervisor (the manager of the team). The colorimetric standard 

sample is prepared by mixing coal dust with inert dust, in the proportion indicated by 

the relation: 

 ][
100

g
N

AN
GK

anh




                  (3) 

where: K is the amount of inert dust to be added to the coal dust sample, g; G - coal dust 

amount used in the preparation of the colorimetric standard sample, g; Aanh - the ash 

content related to the anhydrous fuel of the initial coal dust sample, %; N - ash content 
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relative to the anhydrous fuel of the standard sample,%; (N = 85%) . The neutralization 

of coal dust with non-combustible substances has the disadvantage that it requires large 

quantities of material in the case of mining works with a high degree of dust.  

 

4.4. Treatment of mining works with hygroscopic substances 

Considering the disadvantages presented by the sprinkling of the deposited coal dust 

with water, methods of fixing the dust with hygroscopic salts have been experimented, 

applied, improved and regulated worldwide. Hygroscopic substances, absorbing 

moisture from the air, cause the uninterrupted humidification of the surface of the treated 

galleries and the fixing (binding) of the deposited dust. Given the fact that the coal dust is 

hygrophobic and is generally not sufficiently moistened, a surfactant product is added to 

the recipe.  In order to achieve a sufficiently thick adhesion layer, a support substance 

(usually magnesium hydroxide) is added (Knebel, 1994.). 

The most commonly used hygroscopic substances used for fixing coal dust in mining 

are: calcium chloride, magnesium chloride, sodium chloride. Calcium chloride is used in 

the form of paste, powder or sequins, and magnesium chloride in the form of paste. The 

paste is brought to the pumping stations or directly to the points of use in wagons with 

lid, specially arranged. With the help of a pump, paste is applied to the walls and roof of 

the gallery. The powder is applied with the aid of a blower or an ejector. The straws are 

spread with the shovel or with the help of compressed air. The application of the 

hygroscopic solution will be done on the entire contour of the mining work by a uniform 

spraying, following the absorption of the liquid on the coal seam. Splashing electrical 

equipment, metal construction elements and electrical cables with solution will be 

avoided. If in the mining work treated with hygroscopic salts for fixing the coal dust it is 

necessary to build dams, they will be dams with water. Spraying the hygroscopic 

solution on the deposited dust layer will be done in the sense of the air flow circulating in 

the mining work. When spraying solutions, workers will retreat behind the person 

performing the operation.  

 

5. CONCLUSIONS 

Creating and maintaining a safe and healthy work environment has been and is one 

of the main objectives of social policy at European and national level. The fulfillment 

of this objective is based on a better knowledge and understanding of the risks from 

the work places but also on the identification of the appropriate and effective 

measures of prevention / protection and of increasing the safety level. Without 

denying the elements of progress registered in recent years, namely the decrease in 

the number of work accidents and new cases of occupational disease by about 27%, 

however, regarding fatal work accidents, the figures remain high. 

From the study of the existing statistics it was found that in enterprises where the risk 

of explosion is present, explosions, whether or not followed by fires, are not the most 

frequent causes of accidents at work but their consequences are the most serious 

regarding the losses of human lives and economic damage. That is why an increasing 

emphasis is placed on the activity of explosion prevention and explosion protection 

which, in principle, is an old and well known activity, but the rigorous and consistent 

application of complex requirements raises the real problems: the efficiency of 

implementing very well- known principles about explosion protection and explosion 

risk reduction in mining industry. 

The existence of a potential risk of explosion in the workplace also has implications 
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for work organization. It is necessary to take organizational measures when applying 

only technical measures does not guarantee and does not maintain protection against 

explosions at work. In practice, the working environment can also be secured by a 

combination of technical and organizational measures to protect against explosions. 

The organizational measures determine the activity to be carried out in such a way 

that an explosion cannot generate damage for the workers. Also, the maintenance of 

technical measures to protect against explosions by inspection should be organized. 

Organizational measures should also take into account possible interactions between 

explosion protection measures and work organization. These combined explosion 

protection measures must allow workers to perform the assigned work tasks, without 

compromising the safety and health of them or other persons. 

In underground working environments where explosive methane-air mixtures can be 

formed in concentrations that could endanger the safety and health of workers, 

adequate supervision, based on risk assessment, must be ensured. 
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Abstract: Eco-efficiency is a new concept of environmental analysis seeking to 

improve products, processes and manufacturing materials. The eco-efficiency 
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selected stages of the bottle forming process. The analysis was carried out using the 

Eco Indicator 99 method using the SimaPro software. 
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1. INTRODUCTION  

Eco-efficiency is a new concept of environmental analysis seeking to improve 

products, processes and manufacturing materials. The eco-efficiency analysis gives 

the opportunity to find the most effective solution (Kruszelnicka et al., 2020), bringing 

the greatest benefits, while at the same time having the lowest environmental burden 

in the bottle forming process. Many companies operating in global markets use the 

standardized Life Cycle Assessment (LCA) method, conduct research in terms of 

technical and material solutions, thus demonstrating the lowest environmental impact 

(Wilczarska, 2012). By using the LCA method, enterprises declare limiting their 

environmental impact to a greater extent than the competition, and the results of the 

assessment shape new production directions. In the current time of the COVID-19 

pandemic, plastics have become a serious threat to natural ecosystems and human 

health, and the forecasts developed so far predict a twofold increase in the amount of 

plastic waste by 2030. However, the assumed forecasts probably worsen due to the 

excessive use of polymers in the production of personal protective equipment and 

disposable packaging. Such activities can cause negative environmental impacts, 

including global warming, carbon footprint, acidification, ozone formation, and 

eutrophication. The aim of the study is to determine the environmental impacts arising 

at the stage of evaluation of selected technological operations in the process of 
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forming bottles made of polyethylene terephthalate and polylactide. The analysis 

included the assessment of environmental impacts for selected six technological 

operations of the bottle forming process. The results of the analysis were presented at 

the endpoint characterization stage and at the weighing stage using the triangle of 

weighting factors.  

 

2. METHODOLOGY OF RESEARCH 

The first step of the LCA is to define the purpose and scope of the analysis (Fuc et al., 

2016), which can be established from the analysis and understanding of the product 

life cycle (Jian et al., 2020). For this purpose, the technological process of forming 

bottles made of PET and PLA in Poland was assessed. This process can be 

decomposed into six unit operations while taking into account the demand for media 

and materials (Klimecka-Tatar, 2017; Kojnoková et al., 2020; Rosak-Szyrocka and 

Abbase, 2020). The functional unit of the study was 1000 bottles with a capacity of 1 l 

(Bałdowska-Witos et al., 2020). The scope of the analysis included taking the 

preforms into the oven, heating them in an infrared oven, stretching and elongation, 

as well as pressure forming the preform, degassing and cooling the finished bottle. 

The area of analysis was defined by the boundaries of the adopted system. The same 

production sites are assumed, but different, although very similar production methods 

are presented, as a consequence of which PET and PLA bottles with different 

parameters are produced (Bałdowska-Witos et al., 2019). All exclusions and 

limitations were made simultaneously for both analyzed systems. The analysis 

included six indicated technological operations relating to the collection of preforms, 

their transfer to the heating furnace, heating and pressure forming of the preforms, 

degassing and cooling the finished bottles. As a result, the technological operations of 

the adopted processes were burdened with the same simplifications, which allowed to 

assume the level of exclusion below 0.01% of the share in the entire life cycle and 

share in all potential environmental impacts for each of the considered technological 

operations for both types of PET and PLA bottles.  The functional unit adopted for the 

research was determined on the basis of data collected from the manufacturing 

company. It determines the production of 1,000 bottles of 1 liter capacity. 

Studying the impact of the life cycle of the process of forming beverage bottles is to 

enable the understanding and evaluation of data for potential environmental impacts. 

The LCIA consists of elements such as the selection of the appropriate impact 

category, indicators of this category and characterization models (Baldowska-Witos et 

al., 2021) (Kuczewnski et al., 2011). The voluntary elements include standardization, 

grouping, weighting and data quality analysis. In the system adopted for analyzes, the 

Eco-Indicator 99 method was selected (Shen et al., 2010) (Bałdowska-Witos et al., 

2019). 

The Eco-indicator 99 method is based on modelling the environmental impact at the 

environmental mechanism endpoint level (Madival et al., 2009) (Ullah et al., 2016). All 

standard impact categories are included in the analysis using this model: carcinogens, 

resp. organics, resp. inorganics, climate change, radiation, ozone layer, ecotoxicity, 

acidification/eutrophication, land use, minerals and fossil fuels. Their selection was 

consistent with the purpose and scope of the research (Piasecka et al., 2019). These 

impact categories can be grouped into three larger groups, defined as areas of 

influence: human health, ecosystem quality, resources. In the case of human health, 

the DALY (Disability Adjusted Life-Years) unit is used, and as a category indicator - 
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YLL (Years of Life Lost) and YLD (Years Lived Disabled) units. DALY is an 

internationally recognised unit, used by the WHO and the World Bank to evaluate 

health statistics. Within its framework, various diseases are assigned weights from 0 

(ideal health) to 1 (death). The DALY unit expresses six impact categories: 

carcinogens, resp. organics, resp. inorganics, climate change, radiation and ozone 

layer. The ecosystem quality unit is PAF (Potentially Affrcted Fraction) or PDF 

(Potentially Dissapeared Fraction) (Doerffer K., et al., 2021). The three impact 

categories assessed in this area (ecotoxicity, acidification/eutrophication, land use) 

selected representative species groups. For ecotoxicity (PAF-m2/yr), these were 

lower terrestrial and aquatic animal species, while acidification/eutrophication and 

land use (PDF-m2/yr) were referred to selected vascular plant species. It is also 

possible to convert the PAF unit to PDF (Lewandowska, 2011) (Czaplicka-Kolarz et 

al., 2013). 

 

3. RESULTS 

The result of the simulation studies was to determine the level of potential impacts of 

six technological operations of forming PET and PLA beverage bottles on three 

impact categories: human health, quality of ecosystems and resource depletion. The 

results of the research to assess the potential impacts of technological operations for 

the PET bottle are presented in (Table 1). The highest levels of environmental impact 

of a PET bottle were observed for the ecosystem quality category, for which as many 

as four technological operations: pre-heating preform, heated preform, stretched and 

elongated preform and pressure-formed preform showed the highest potential 

environmental damage. Relatively similar results were obtained for the process of 

forming a PLA bottle, for which three technological operations negatively affecting the 

ecosystem were recorded in as many as two categories of impact (human health, 

quality of ecosystems) (Table 2).  

 

Table 1 

Influence of damage categories on PET bottle forming operations  

Impact 

category 

Preform 

before 

heating 

Heated 

performa 

Stretched 

and 

elongated 

performa 

Pressure-

molded 

preform 

Degassing 

the formed 

bottle 

Cooling the 

formed 

bottle 

Human 

health,% 
76,31278 8,853106 5,725587 4,553229 0,732106 3,823194 

Ecosystem 

quality, % 
71,28977 9,474228 6,127585 4,872532 0,783529 7,452359 

Resouces,  

% 
97,27423 1,020974 0,73758 0,507762 0,094304 0,365152 

________

__ 

Technological operations representing 90% of the sum of the significance of 

the analyzed results 

 

Table 2  

Influence of damage categories on PLA bottle forming operations  

Impact 

category 

Preform 

before 

heating 

Heated 

performa 

Stretched 

and 

elongated 

performa 

Pressure-

molded 

preform 

Degassing 

the formed 

bottle 

Cooling 

the formed 

bottle 
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Human 

health,% 
77,16132 7,722125 5,928199 4,787518 0,809239 3,591598 

Ecosystem 

quality, % 
80,71111 5,809433 4,475387 3,602079 0,610927 4,79106 

Resouces,  

% 
93,05906 1,891509 2,413238 1,197726 0,329414 1,109051 

__________ 
Technological operations representing 90% of the sum of the significance of 

the analyzed results 

 

In order to further estimate the potential environmental damage, the obtained data 

was compared separately for each of the impact categories. In the case of the human 

health category, a higher level of impact of technological operations of the PLA bottle 

molding process was observed (Table 3). In line with the results evaluation technique 

adopted in LCA, the processes for which the sum of the test results is 90% are 

considered significant. In the analyzed case, it can be concluded that the essence of 

the analysis is limited to the first three technological operations for which the levels of 

interactions are, for the preform before heating 2.44E-07 DALY (approx. 77%), the 

heated preform 2.44E-08 DALY (7.7%) and the stretched and elongated preforms 

1.88E-08 DALY (approx. 5.9%).  

 

Table 3 

Influence of the PET and PLA bottle forming process on the human health category, DALY  

 Preform 
Preform 
before 
heating 

Heated 
perform 

Stretched 
and 

elongated 
perform 

Pressure-
molded 
preform 

Degassing 
the formed 

bottle 

Cooling the 
formed 
bottle 

PLA 2,44E-07 2,44E-08 1,88E-08 1,52E-08 2,56E-09 1,14E-08 

PET 2,11E-07 2,45E-08 1,58E-08 1,26E-08 2,02E-09 1,06E-08 

 

When assessing the significance of the analyzed technological operations in the case 

of forming a PET bottle, the first three operations were considered to be 90% of all 

receipts. In the vast majority of cases responsible for the level of impact on human 

health were the electricity and polyethylene terephthalate (Table 4).  Relatively other 

results were obtained for the PLA bottle molding process. The electricity used was 

responsible for the vast majority of negative impacts on human health. Polylactide as 

a raw material used in the production process reflects the positive environmental 

benefit when heating the preforms in the infrared oven -1.4680127 DALY (Table 5). 

 

Table 4  

The levels of impacts on human health input in the process of bottle PET  

Criterion 

Preform 

before 

heating 

Heated 

perform 

Stretched 

and 

elongated 

perform 

The sum of all processes,% 100 100 100 

Compressed air, kPa 0 0 0,00904414 

Electricity, medium voltage {PL} 0,537235598 100,8876914 99,99095586 

Polyethylene terephthalate 99,4627644 0,887691437 0 
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Table 5 

The levels of impacts on human health input in the process of PLA bottles  

Criterion 

Preform 

before 

heating 

Heated 

perform 

Stretched 

and 

elongated 

perform 

The sum of all processes,% 100 100 100 

Compressed air, kPa 0 0 0,003431392 

Electricity, medium voltage {PL} 100 101,46801 99,99655364 

Polylactide 0 -1,4680127 0 

 
As a result of the simulation studies, the size of environmental damage constituting a 

nuisance to the quality of the ecosystem was estimated (Table 6). The highest 

negative impact level was observed for the PLA bottle forming process. The highest 

impact,> 80%, was recorded for the operation of the PLA preform before heat. Among 

all the analyzed technological operations affecting the category of ecosystem quality 

in the process of forming a PET bottle, four were distinguished: pre-heat preform, 

heated preform, stretched and elongated preform, pressure-formed preform, which 

showed a potential negative impact on the quality of ecosystems. 

 
Table 6 
Influence of the PET and PLA bottle molding process on the ecosystem quality category  

 Preform 

Preform 

before 

heating 

Heated 

perform 

Stretched 

and 

elongated 

perform 

Pressure-

molded 

preform 

Degassing 

the formed 

bottle 

Cooling the 

formed bottle 

PLA 8,70E-10 6,26E-11 4,82E-11 3,88E-11 6,58E-12 5,16E-11 

PET 4,73E-10 6,29E-11 4,06E-11 3,23E-11 5,20E-12 4,94E-11 

 
Analyzing the data input responsible for any injury leading to a reduction in the quality 

of the ecosystem, it should be noted that in two cases used polyethylene 

terephthalate showed environmental benefit. Potentially, the highest negative impact 

level corresponded to the electricity used in the production process (Table 7). 

 

Table 7 

Levels of impact on the quality of the input data ecosystem in the process of creating a PET 

bottle  

Criterion 

Preform 

before 

heating 

Heated 

perform 

Stretched 

and 

elongated 

perform 

Pressure-

molded 

preform 

The sum of all processes,% 100 100 100 100 

Compressed air, kPa 

0 0 

0,0063165

06 0 

Electricity, medium voltage {PL} 0,6154829

56 

100,89535

94 

99,993683

49 101,1465573 

Polyethylene terephthalate 99,384517 -0,8953594 0 -1,1482867 
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In the case of the analysis of the PLA bottle forming process, the raw material 

polylactide -1.8227594 species.yr used in the bottle forming process showed the 

greatest environmental benefit (Table 8). 

 
Table 8  

Levels of impact on the quality of the input data ecosystem in the process of creating a PLA 

bottle  

Criterion 

Preform 

before 

heating 

Heated 

perform 

Stretched and 

elongated perform 

The sum of all processes,% 100 100 100 

Compressed air, kPa 0 0 0,002319805 

Electricity, medium voltage {PL} 100 101,82276 99,99766968 

Polylactide 0 -1,8227594 0 

 

Table 9 

Influence of the PET and PLA bottle forming process on the resource depletion category  

 Preform 

Preform 

before 

heating 

Heated 

perform 

Stretched 

and 

elongated 

perform 

Pressure-

molded 

preform 

Degassing 

the formed 

bottle 

Cooling the 

formed 

bottle 

PLA 0,006721 0,000137 0,000174 8,65E-05 2,38E-05 8,01E-05 

PET 0,0193801 0,0002034 0,0001469 0,0001012 1,88E-05 7,27E-05 

 
The results of the analysis for the resource depletion category in both analyzed cases 

referred to the first technological operation: preforms before heating. A significantly 

higher level of impact on the resource depletion category was observed for the PLA 

bottle molding process, reaching the value of 0.006721 USD2013 (Table 9). When 

comparing the technological operations of PET and PLA bottles, it was found that 

polyethylene terephthalate has the greatest potential impact on resource depletion 

(Table 10). Relatively different values were obtained for the operation of the PET 

preform before heating, in the process in which electricity shows the greatest 

environmental damage (Table 11). 

 

Table 10 

Levels of impact on the depletion of input data resources in the process of creating a PET 

bottle  

 

Criterion 
Preform before heating 

The sum of all processes,% 100 

Compressed air, kPa 0 

Electricity, medium voltage {PL} 0,054289786 

Polyethylene terephthalate 99,94571021 
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Table 11 

Levels of impact on the depletion of input data resources in the process of creating a PLA 

bottle  

 

Criterion 
Preform 

before heating 

The sum of all processes,% 100 

Compressed air, kPa 0 

Electricity, medium voltage {PL} 100 

Polylactide 0 

 
Weighting consists in determining and assigning a degree of importance (weighting 

factor) to individual impact categories and multiplying by them the normalized results 

of the index. Carrying out the weighting process allows obtaining results in 

environmental points (Pt). A thousand environmental points are equal to the 

environmental impact of one European in one year. 

 
Table 12 

The results of the impacts damage categories  

Damage category 
Unit 

 

PLA 
preforms 
heating 

PET 
preforms 
heating 

Stretching 
and 

elongation 
of the PLA 

preform 

Stretching 
and 

elongation 
of the PET 

preform 

Ecosystem quality Pt 0,002277 0,000345 0,001649 0,002312 

Resources Pt 0,000882 0,004706 0,001096 0,001305 

Human Health Pt 0,001921 0,007886 0,000968 0,001393 

 
When making a comparative analysis of environmental loads, it should be stated that 

a bottle made of non-biodegradable plastic causes twice as much environmental 

damage, taking into account the negative impacts on the quality of the ecosystem, 

climate change, depletion of raw materials and human health. The results of 

environmental damage loads for the process of stretching and elongation of preforms 

made of PET and PLA are presented in Table 12. The result of the comparative 

analyzes is the statement about comparable environmental loads as a result of the 

stretching and heating process of the analyzed preforms. For this purpose, a graphic 

interpretation of the triangle of weighting factors was used. Figure 1 shows the levels 

of environmental impacts for the preform heating process. In terms of these 

interactions, the dominance of the PLA preform heating stage over the PET preform 

heating stage. This is related to the acquisition of energy resources from non-

renewable sources. Environmental impacts are mainly related to the acquisition of raw 

materials for the production of fuels, mainly hard coal, which is the basis of the energy 

system in Poland.  

From the weight triangle, we can conclude that a PET preform has a lower impact on 

human health than a PLA preform if a high weight (33%) is given to resources, while a 

weight (> 78%) is attributed to the environment.  Otherwise the opposite is true. 

Figure 2 shows the levels of environmental impacts at the stage of stretching and 

lengthening the hot preform, in percentage terms, which clearly shows that the 
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biodegradable material used in the landfill is potentially more environmental damage 

in the three analyzed areas. 

 

Fig. 1. Weighting triangle showing the line of indifference and sub-areas with their specific 

ranking orders 

 

 
Fig. 2. Weighting triangle showing the line of indifference and sub-areas with their specific 

ranking orders 

Human Health

E
c
o
sy

st
e
m

 Q
u
a
lit

y

R
e
s
o
u
rce

s

0
 %

1
0
 %

2
0
 %

3
0
 %

4
0
 %

5
0
 %

6
0
 %

7
0
 %

8
0
 %

9
0
 %

1
0
0
 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

0
 %

1
0
 %

2
0
 %

3
0
 %

4
0
 %

5
0
 %

6
0
 %

7
0
 %

8
0
 %

9
0
 %

1
0
0
 %

PLA preform low er environmental load

PET preform low er environmental load

Human Health

E
c
o
sy

st
e
m

 Q
u
a
lit

y

R
e
s
o
u
rce

s

0
 %

1
0
 %

2
0
 %

3
0
 %

4
0
 %

5
0
 %

6
0
 %

7
0
 %

8
0
 %

9
0
 %

1
0
0
 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

0
 %

1
0
 %

2
0
 %

3
0
 %

4
0
 %

5
0
 %

6
0
 %

7
0
 %

8
0
 %

9
0
 %

1
0
0
 %

PLA preform low er environmental load

PET preform low er environmental load



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   160 

 

 

3. CONCLUSION 

The technological processes taking place in the beverage bottle blow molding 

machine, in particular related to the eco-efficiency of packaging forming processes, 

occur with the occurrence of strictly defined activities and related variables of unit 

electricity consumption, mass efficiency, power demand or the influence of the raw 

material used, are complex and difficult to direct interpretation. Based on the 

experiment, it was determined that the share of electricity demand is greater in the 

process of forming PLA bottles. The result of the conducted experiment of evaluation 

of selected phases of the production cycle of forming PET and PLA bottles for 

beverages is the determination of quantitative environmental consequences.  As a 

result of the conducted considerations, it can be concluded that in the preform 

collection process, raw materials made of PLA plastic had the greatest impact at the 

level of 77%. The share of raw material in the bottle forming process depends on the 

primary sourcing, processing, production, use and management processes. In the 

case of the human health category, a higher level of technological operations impact 

of the PLA bottle molding process was observed. As a result of the conducted 

simulation studies, the size of environmental damage constituting a nuisance to the 

quality of the ecosystem was estimated. The highest negative impact level was 

observed for the PLA bottle forming process. The highest impact of> 80% was 

recorded for the operation of the PLA preform before heat. A significantly higher level 

of impact on the resource depletion category was observed for the PET bottle molding 

process.  
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Abstract: The paper presents a case study of the practical use of BOST surveys to 

identify problems that are the most important in production process. The research 

object is company from electrical industry. It was made the identification and of areas 

geneating problems from the second Toyota’s management principle point of view. 

Analysis of the research results was presented in the form of tables, histograms, radar 

chart and some statistical tools. Some production workers of the company with the help 

of BOST questionnaire survey showed, which factors are the most important. The aim 

of the analysis is to present which factors are the most important by building the 

significance sequences of obtained results. The results obtained for the type of small 

and medium-sized enterprises overlap with the results of tests verified in other 

enterprises. 

Keywords: BOST method, improvement, Toyota management principle, importance 

hierarchy, statistical analysis 

 

 

 

1. INTRODUCTION 

Survey and research method determined as BOST was formed as a result of author’s 

fascination in Toyota Motor Company (Borkowski, 2016). The BOST method defines 

relations between material resources and human resources and between human 

resources and human resources and is named Toyotarity (Borkowski, 2012). The BOST 

method describes Toyota’s management principles with its characteristic factors (Gao 

and Low, 2015). Each of these principles described with an appropriate set of factors. 

Apart from Toyota’s principles described with applied factors and respondents’ features 

the set of research problems also contains elements of the roof of Toyota’s house, 

which describe the mission of enterprises (Liker and Franz, 2011). Toyota’s 

management principles are divided into sections that contains a set of factors 

describing principles: 1; 2; 3; 4; 6; 7; 14 and elements of the roof of Toyota’s house 

(Knop and Mielczarek, 2018). Respondents may assess the significance of a given 

factor by placing one of the numbers within the range of scale in an appropriate box 

(Borkowski et al., 2013). A preliminary condition for classification of the companies to 

BOST study was confirmed information about implementation of Toyota management 
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principles in the workstations in analyzed company. In selected enterprise the 

population of respondents was chosen, which consisted from production workers of the 

examined enterprise, having a contact with manufacturing process. The researched 

company is a producer of electrical installation equipment and is one of the leading 

Polish producers of this type of products. Production started in the 1950s. At that time, 

boxes, installation connectors, sockets and plugs were produced. Now, it mainly 

manufactures surface-mounted and flush-mounted equipment and electrical 

accessories and also specializes in the production of extension cords, connectors, 

splitters, plugs, portable sockets, transformers, boxes, taps, push-and-turn dimmers, 

loudspeaker sockets, frames, boxes, etc. All products have safety certificates 

confirming the compliance of the products with the applicable standards and the high 

quality of the manufactured products. 

 

2. METHODOLOGY OF RESEARCH AND PRESENTATION OF RESULTS 

Second Toyota management principle is based on the conviction that appropriate 

process leads to appropriate results (Amasaka, 2012). If the process is designed 

properly, then good results will come automatically. Constant improvement of 

organization is possible through application of small steps approach. In this study the 

BOST method was used during tests. The BOST questionnaire form was filled out, by 

30 respondents i.e. nearly half of production workers. In the purpose to form an opinion 

it is essential to know the opinion of workers from different ranks in enterprise. It lets on 

better look on the enterprise by eyes of workers. Respondents were asked to answer 

the following question: Which factor is the most important in the production process? 

(fill the blanks with 1; 2; 3; 4; 5; 6; 6 – the highest factor). 

CP  Continuous system of problem detection 

PE  Production layoff after quality problem detection 

SZ  Standard tasks, processes, documents  

EU  Granting authorization to subordinates  

ST  Usage of only reliable technology  

SW  Usage of visual control  

 

Table 1 present a percentage list of significance rates of factors in the enterprise 

producing electrical articles. 

 
Table 1.  
Structure rating [%] of importance ratings for factors of E3 area.  

Evaluation Indicating the factors 

CP PE SZ EU ST SW 

1 3.2 0.0 22.6 35.5 3.2 35.5 

2 3.2 6.5 25.8 35.5 0.0 29.0 

3 16.1 19.4 32.3 12.9 9.7 9.7 

4 9.7 16.1 12.9 16.1 38.7 6.5 

5 29.0 22.6 6.5 0.0 25.8 16.1 

 

Data presented in the above-mentioned table prove that employees of the examined 

enterprise consider Continuous system of problem detection (CP) as the most important 

element of production process. The results contained in Table 1 were graphically 

presented with the use of histogram (Selejdak, 2015). 
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Fig. 1. Histograms – rating structure of the importance of area factors a) CP, b) PE, c) SZ,   

d) EU, e) ST, f) SW, g) average 

 

The data in this figure allows the creation of the following significance sequence of 

analyzed factors: CP > PE > ST > SZ > SW > EU. In this enterprise the factor 

Continuous system of problem detection (CP) is the most important in the realization of 

the production process. In such conditions of production there is no place for an 

individual interpretation of procedures or management, therefore the factor Granting 

authorization to subordinates (EU) takes the last place in the sequence. The sequence 

of factors in graphical form was introduced in Fig. 2 

 
Fig. 2. Radar chart percentage structure for average ratings 

 

The main task of summing histograms is to check the correctness of the performed 

calculations. They concern the average assessment of the importance of a given factor 

and the correctness of the calculation of its percentage share. The summing histograms 

for the obtained results are presented in Fig. 3. 
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     a/b     1/CP     2/PE      3/SZ     4/EU    5/ST                   

Fig. 3. Summing histograms. Comparison: a) structure of ratings, b) importance of factors in 

rating in grading scale 

 

Assessments will be presented, which the percentage is on the line of 25% (Q1), 50% 

(median), and 75% (Q3) of the cumulative value. Summarizing the information obtained 

from the histogram of factors importance in the rating scale, we state: 

- The first quartile is achieved for factors CP, PE 

- The median is reached for the factors CP, SZ, EU, ST 

- The third quartile is achieved for factors EU, ST 

In both analyzed cases, it can be stated that the first quartile is achieved for higher 

rating scales. 

 

3. STATISTICAL ANALYSIS OF THE RESULTS  

Summarize making statistical analysis of studied area five statistical tools were used: 

arithmetic average, standard deviation, the coefficient of variation, skewness and 

excess coefficient (Fig. 4). The aim of application of this statistical tool is to show 

distribution of evaluation for individual factors (Knop, 2018). The aim of application of 

this statistical tool is to show distribution of evaluation for individual factors (Borkowski 

and Ulewicz, 2009). 

The average level of the measurable feature was presented with the help of the average 

(Uçurum  et al., 2016). Superficial analysis of the Fig. 4a notes that there is not a great 

difference between the average values. The highest average rate was granted to the  

Continuous system of problem detection (CP), Production layoff after quality problem 

detection (PE), and Usage of only reliable technology (ST). In the case of the average 

rate the minimum of 2.1 was recorded for Granting authorization to subordinates (EU). 

Standard deviation is the biggest for the factor Usage of visual control (SW) – on the 

level 1.59 and the smallest for SZ – 1.18. 
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Fig. 4. Principle 2. Comparison: a) average, b) standard deviation, c ) coefficient of variation, 

d) skewness, e) excess coefficient for factors 

 

The range for the variation coefficient acquired distribution rates amounts from 25% to 

64%. Using the data sheet we have found that the dispersion force of a statistical group 

of importance rates: variation weak features (anyone factor), variation moderate 

features (group of rates for three factors), variation strong features (group of rates for 

three factors), variation very strong features (anyone). The measurement of skewness 

is a classic coefficient of asymmetry: (0.0 - 0.4) - very weak distribution asymmetry, (0.4 

- 0.8) – weak distribution asymmetry, (0.8 - 1.2) - moderate distribution asymmetry, (1.2 

- 1.6) – strong distribution asymmetry, (more than 1.6 – very strong distribution 

asymmetry). The analysis of skewness of the factor importance rates distribution 

describing the second Toyota management principle, comes down to the following facts 

that the greatest asymmetry force occurred for the distribution of importance rates for 

Continuous system of problem detection (CP) and amounted to -1.12. The distribution 

of rates for the rest of factors indicates weak and moderate skewness.  The last factor 

for analyzing is excess coefficient. It determines the measure of distribution and 

concentrating the results in surroundings of the average. For appropriate interpretation 

of results the following statement is necessary: We < 0 – distribution is characterized 

by lower than standard peakedness, We = 0 distribution is characterized by standard 

peakedness, We > 0 – distribution is characterized by peakedness higher than 

standard. For the factor Continuous system of problem detection (CP)  and Usage of 

only reliable technology (ST) excess coefficient that is measure the concentration of the 

disintegration, is positive. It is attesting to the fact that the graph is quite stiff and 
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slender. For remaining factors kurtosis is negative, i.e. flatter, and value of individual 

factors are less concentrated, than at the normal distribution. This statistical tool confirm 

that distribution of results is logical and can be helpful for evaluation actual state in 

enterprise. 

 

4. CORRELATION ANALYSIS 

Respondents differ in terms of their personal features: gender, education, age, work 

experience, mobility, mode of employment. These relationships were presented in 

forms of graphs. Each of these Figures also contains three characteristic lines on each 

side of the 0 axis. It should be noted that their distance from the 0 axis is the same in 

all the Figures, because they represent the value of a critical coefficient for various 

levels α (0.05; 0.10; 0.2). Such approach is conditioned by the fact that in this type of 

test the problem of correlation is not raised (Knop, 2015). Justification for α = 0.2 may 

be the fact that the tests involved participation of people whose opinions are diversified  

and in order to capture correlations the adopted level of probability is acceptable. 

 

 
Fig. 5. Correlation graphs of evaluations depending on the respondents’ feature: a) gender,  

b) education, c) age, d) work experience, e) mobility, f) mode of the employment. α = 0.2 

(internal lines), α = 0.1 (central lines),  α = 0.05 (external lines) 

 

Analyzing the correlation graph for factors depending on the respondents’ gender (Fig. 

5a), it is possible to notice that Production layoff after quality problem detection (PE) 

factor demonstrated the relation of levels of the significance (α=0.2; α=0.1; α=0.05) 

between results of the assessment and gender of respondents.  
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As a result of the analysis of correlation graphs of factor assessments depending on 

the education of the respondents it can be concluded that in this case there is no 

correlation for two factors Usage of only reliable technology (ST) and Granting 

authorization to subordinates (EU). It is possible to state, that one SZ of six factors 

demonstrated the relation of levels of the significance between results of the 

assessment and age of respondents. In the case of the correlation graph depending on 

the work experience of respondents factor SW demonstrating the correlation 

relationship. It is possible to state, that none of six factors demonstrated any the relation 

of levels of the significance (α=0.2; α=0.1; α=0.05) between results of the assessment 

and mobility of respondents The last graph shows the positive correlation of the factor 

Production layoff after quality problem detection (PE) at the level of α = 0.2. Significance 

sequences of factors describing the second Toyota management principle are an 

interesting element. They contain a logical order conditioned by organization of 

production. Acquired results and their multidimensional analysis confirm the accuracy 

of factors choice describing the second Toyota management principle. 

 

5. SUMMARY 

The subject of the research was a company that manufactures electrical products. The 

key to success is the production of high-quality, reliable, functional and safe products. 

The starting point for changes (improvement) is recording the existing condition. The 

present situation is known best by participants of the processes implemented in a given 

enterprise. Data obtained from BOST analysis allowed to know the opinions of the 

representative group of workers in the topic of functioning of the enterprise concerning 

the competent organization of a production process. All the company's products have 

safety certificates that confirm the compliance of the products with the applicable 

standards. As a result of the BOST survey conducted, an analysis of the factors that 

are the most important in production process. According to the respondents, the most 

important factor in the production process is the  Continuous system of problem 

detection (CP), with an average value of 22.6%. The second position, almost on the 

same level, exceeding 22.0% was taken by the following factor Production layoff after 

quality problem detection (PE) and Application of reliable technology (ST) (21.5%). 

These are the factors closely connected with technological aspects of production 

relating to fluent production rhythm with simultaneous application of reliable methods 

and technologies. The factor that respondents considered the least important in the 

production process was Granting authorization to subordinates (EU), which received 

an average rating of 10.0%. The BOST survey research allowed to obtain information 

about the most important factors for the company's employees in the production of 

electrical products. The above fragment of the analysis showed differences in the 

importance of factors describing Toyota's second Toyota management principle and it 

has revealed diversity in the significance of factors. In this way, the usefulness of the 

presented BOST method for the assessment of the functioning of the production 

process was demonstrated. 
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Abstract: The interaction between universities and business in the field of innovation 

is practically relatively simple and straightforward, but at the same time requires 

careful construction of complex processes. All these processes of interaction are 

directly related to people and the organization. The term "stakeholders" applied only 

to employees of the enterprise, but due to the current changes, it has acquired 

a social orientation. The term is now common in many scientific publications. It can be 

applied to the organization itself and outside the organization in the organization of 

interaction between universities and business. The purpose of the study was to define 

and identify the interactions between universities and enterprises, depending on the 

type of activity. The HEIinovate tool was used to get the result among 2 universities in 

Kazakhstan and Poland. The results of the study show that the identification of 

internal stakeholders of interaction between universities and business in the field of 

innovation plays a key role in the joint work of both parties. 

Key words: stakeholders, university-business collaboration, innovative activity, 

university, business environment 

 

 

 

1. INTRODUCTION 

Today we are witnessing radical changes in all areas, which also affect the 

relationship between universities and business, and require new approaches to 

cooperation between the two sides. According to Ahmed Nasser Alraji and others, the 

University-Business Partnership (UBC) includes the process of transforming the 

knowledge acquired at universities into the knowledge that enterprises use in their 

activities and future strategies. UBC is not a set of goals or results, but different ways 

of using knowledge in different forms. These relations are supported by key factors of 

economic prosperity; These include innovation, foreign direct investment, human 

capital, research infrastructure, intangible assets, education, intellectual property and 

company building. Cooperation between the two sides always requires a detailed 

solution to the issues of cooperation, and these solutions will have a positive effect 
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and will be mutually beneficial in the documents of Victoria Galan-Muros. Todd Davey 

noted that at all stages of cooperation between universities and business, scientists 

and employees have found many ways of mutually beneficial cooperation. These 

results are implemented in the form of business incubators, innovation and 

entrepreneurship centers, joint research laboratories and research institutes. 

Experience has shown that all these methods of interaction require a lot of material 

costs and time, and even if all these issues are resolved, the multilateral activities of 

universities and enterprises may not use all models of interaction. Lack of specific 

knowledge about the activities of the other party does not always allow to find direct 

and long-term ways of cooperation between business and universities. At present, 

stakeholders play a key role in many research collaborations between universities and 

business. Because it belongs to different target groups and it is performed by different 

groups. On the one hand, it is the internal stakeholders that represent the university, 

and on the other hand, the target group, which can be external groups or stakeholders 

and stakeholders of the university (internal stakeholders). Thus, the process of 

interaction with the university can be discussed taking into account different groups of 

stakeholders (Tomasz, 2018). However, in practice, stakeholder consensus has not 

been sufficiently studied in practice and requires a lot of research, as the academic 

environment is unique and each university operates differently, which requires more 

evidence to be grouped by stakeholders and considered in different ways. The 

purpose of this article is to consider and identify various stakeholders in cooperation 

between the university and business. The importance of university-business 

collaboration (UBC) in innovation and education is widely recognized (Rybnichek and 

Königsgruber, 2019) and the economy is becoming increasingly important in the face 

of competition and innovation and growth competition in global markets (Klaus and 

Kesting, 2017; Sarpong et al., 2015). 

 

2. LITERARY REVIEW 

University-business collaboration (UBC) is still a fragmented and vague area of 

research, and the concept of UBC remains insufficient, as much research is 

conducted around certain elements rather than as an overly, concentrated and 

interconnected system (Galan-Muros and Davey, 2019). According to Freeman 

(1984), an interested party can be any person or group of people who is influenced by 

the company or who can influence the achievement of its goals. This is the concept 

behind stakeholder theory. This theory holds that the final results of any activity 

should take into account the results for all stakeholders involved, not just the results of 

the owners or shareholders. Eberendu, A.C. writes that it has long been recognized 

that stakeholder management increases the propensity for successful project delivery, 

but the full benefits of stakeholder management have yet to be realized. Previous 

research has indicated a lack of an integrated stakeholder management process as 

existing structures in the SEP are either focused on a specific stage or do not take 

into account vital factors such as active listening, networking, communication and 

feedback from stakeholders, social and professional relationships between 

stakeholders, compromises of understanding and conflict resolution. Fran Ackermann 

and Colin Eden point out that one of the most important tasks in developing a strategy 

is managing interactions between the multiple requirements of an organization's 

various stakeholders in relation to its strategic objectives. Chygryn, O and others 

address stakeholder engagement and collaboration to develop and promote green 
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enterprise competitiveness, which are currently relevant and important in creating 

competitive advantage. 

Brem and Radzivon believe that 2017 will show politicians around the world the 

importance of a strong relationship between business and higher education as 

a means of boosting economic activity by investing heavily in support of the UBC. 

Karvowski noted the novelty of the 2017 work and noted that innovation should be 

considered as a key feature in business models, in particular e-business models, 

along with the creation of flexibility, transparency and value for stakeholders. Creating 

a network of connections between universities and other organizations, including 

business, is a response to capital creation for the emergence of open innovation, an 

idea that can be found in the writings of Victoria Galan-Muros. Todd Davey. 

Stakeholders are defined as individuals, as well as groups identified by organizations 

in relation to the processes, projects, projects or organizational goals that they can 

influence or are within them (Kozlovska, 2015, p. 75). An organization's internal 

stakeholders may be in equivalent or more or less hierarchical relationships. As for 

universities, the traditional teacher-student relationship still exists. In the future, 

according to some experts, for example, Sahlberg, 2018, the form of interaction in 

which the parties are suppliers and learners may differ from existing schemes. There 

can be only one person in the field of education – a professor or teacher, as well as a 

team of professors or teachers. This type of knowledge sharing may reflect the 

teacher's need for new competencies. In addition, Czerwińska-Lubszczyk identifies 

three main themes related to cooperation between universities and business: 

innovation accelerators, technology transfer offices, high-tech centers, business 

incubators, science parks, spin-offs, and the second is based on the spiral triple 

model. and a four-screw partnership, a model of interdepartmental interaction 

between organizations of fundamentally different nature that can have different goals 

and adopt very different formats. Freeman (1984: 46) defines a stakeholder as "any 

group or individual who contributes or can contribute to the achievement of the goals 

of the organization." The interaction between the university and the business must be 

reasonable for all participants to benefit. Successful cooperation as a global reward 

supports industrial progress and scientific achievements. In addition, it is difficult to 

work on the organization of effective interaction between the academy and pure 

industrialists (Starov et al., 2014). UBC has traditionally been associated with 

research and commercialization. The study of forms of cooperation between 

universities and business revealed that the implementation of commercialization and 

R & D are only two of the eight types of UBC (Davey et al., 2011). Cooperation is a 

key factor in the interaction of universities with various counterparties. The level of 

effectiveness of both the university and the stakeholder depends on their cooperation. 

Therefore, it is necessary to diagnose the effectiveness of cooperation between the 

university and stakeholders and between the stakeholders themselves. Therefore, the 

study of the priority of interaction with one or another stakeholder is an urgent 

scientific task, the solution of which will allow universities to work more effectively and 

purposefully (Popadynetsa et al., 2020). To facilitate cooperation between the 

university and the business sector, it is necessary to clearly understand the goals and 

motives of both university participants and the business sector. Ankrah and others. 

(2013) uses a qualitative approach (primarily based on interviews) to study the 

motivations of universities and industry actors to participate in the exchange of 

knowledge between universities and industry. Cooperation between universities and 
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business has become a top priority for many universities, and its importance has 

attracted the attention of scientists and politicians around the world. However, despite 

the fruitful research in this area, few have studied the collaboration between the 

university and the business curriculum or its intermediaries (Pleva et al., 2015). 

Business incubators seek to develop reliable business and social networks to benefit 

resident companies in the form of intellectual and material resources. However, there 

is limited information on what motivates resident companies to engage in networking 

and barriers to building effective networks (Cooper and Hamel, 2012). 

R Ulewicz, M Blaskova in their writings assessed the current state of knowledge of 

individual groups of stakeholders, and also assessed activities to identify, disseminate 

and use knowledge to improve the efficiency and effectiveness of stakeholders. Ina 

Agustini Murwani points out that Good governance in multi-stakeholder partnerships 

will affect sustainability indicators that include environmental, social and economic 

measures. Á Delgado Zapero gives an interesting idea that, nowadays, problems 

arise in every decision that people or companies make. This is because each part has 

its own interests, usually different from each other, and they must care about them 

more than the rest in order to achieve a high level of success in terms of achieving 

their goal.  Research papers by Andreas Tsalas and Nikolaos Pentsas indicate that 

the Strategic Stakeholder Management Concept, which can be seen as one of the 

neglected issues in the defense sector, is being studied and therefore some proposals 

are being made to improve stakeholder management practices in this sector. 

A literature review on the role of stakeholders in the interaction of two parties provides 

an opportunity to consider the following hypotheses: 

H1. Stakeholders are closely linked in cooperation between universities and 

business 

H2. The identification of stakeholders in a collaboration in significant 

relationships affects the effectiveness of the collaboration. 

H3. Stakeholders positively influence the innovation activities of both parties. 

Additionally, the role of stakeholders in interactions between universities and 

businesses can be briefly shown in the following diagram: 

 
Fig.1. The role of stakeholders in interactions between universities and businesses 
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3. METHODS 

A comparative case study compares the identified stakeholders of each of the 

different initiatives across the three independent academic centers. Benchmarking 

reflects performance goals and expected outcomes, as well as the relevance of 

participants in activities that make up target groups or activities, including expansion, 

that is, activities aimed at specific groups of people. The analysis is based on referral 

to the EU through the HEInnovate initiative, an initiative of the OECD's Local 

Economy and Employment Development Program (LEED) (Cusio, 2018). 

HEInnovate is a free self-assessment tool for all types of universities. It allows 

universities to be assessed through a range of statements related to her business, 

including leadership, staffing and business relationships, continuing education 

materials, and supporting materials including case studies to support workshops and 

further development. 

To identify the stakeholders of the business university, two initiatives were selected 

and analyzed by two different universities in Kazakhstan and Poland. These 

universities are: 

1 Turan University, Kazakhstan 

2 Kozminsk University, Poland 

“Turan” university is about innovative approach to learning, practice oriented courses 

and a special business environment, created specifically for enthusiastic, developing 

and self-confident students. Kozminski University (KU) is a Polish private business 

and law school established in 1993. It has 5,300 students and a leading position in 

management education in Poland as well as Central and Eastern Europe. To date, 

the University of Turan is the only university that has evaluated its entrepreneurial 

activities using the HEInnovate tool. Kozminski University of Poland operates in 

various regional economic conditions, located in the Mazovian Voivodeship. The 

Mazovian Voivodeship is the largest region both in terms of area and population, as 

well as the most economically developed region in Poland.     

 

4. RESULTS AND DISCUSSION 

The results of the analyzed comparative cases are given in the table. The table 

provides stakeholders (inside and outside the university) with the name of the 

university and the goals and expected results of the initiative. In each of the proposed 

cases, the responsible groups of internal and external stakeholders are indicated. 

 

Table1.  

Two examples of EU universities initiatives leading to their transformation into more 

entrepreneurial ones 

Name of 

higher 

education 

institution 

Objectives and expected outcomes of the initiative Key stakeholders 

(inside and outside 

the HEI) 

Turan 

University, 

Kazakhstan 

Business incubator at the Turan University Turan 

Start-App LLP is the training of proactive, creatively 

thinking specialists with an active life position, 

possessing professional skills for the development and 

modernization of the economy of the Republic of 

Kazakhstan, improving the quality of education and 

competitiveness of a graduate of a modern university. 

Students and alumni 

of Turan University, 

teaching staff and 

managers of the 

university, 

companies and 

business investors, 
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Key outcomes: 

Silence Digital - The company is engaged in the 

creation of high quality computer graphics and visual 

effects that have no analogues in the territory of the 

Republic of Kazakhstan. 

Turan Lingua is engaged in linguistic analysis of texts 

Sensorium - the sensory room provides unlimited 

opportunities for the reception of various visual, 

auditory, tactile stimuli, as well as the long-term use of 

this stimulus. 

Usefull Cigarette Butts is a special project for the 

recycling of tobacco filters. Many useful materials can 

be obtained from tobacco waste. 

project partners, 

venture capital 

companies, civil 

society, government 

agencies supporting 

startups and 

innovations 

If divided into groups 

First: students - 

organizations, 

university 

representatives and 

enterprise, university 

organizations and 

enterprise 

Second: scientists - 

organizations, a 

group of researchers 

and enterprises, 

scientific institutions 

and enterprises 

Kozminsk 

University, 

Poland 

Center for Entrepreneurship of Kozminsky University - 

In its activities, the center focuses on supporting 

ambitious forms of entrepreneurship. Such as 

development-oriented, creative and innovative projects 

actively entering international markets. The Center 

accomplishes this task through scientific research, 

advanced educational programs, including in the e-

learning version, as well as various training and 

consulting projects addressed to candidates for 

entrepreneurship. Share their experiences with 

lecturers across the country through the SEIPA 

Educational Innovation Academic Entrepreneurship 

Network. 

Research Center for Innovative Growth Strategies 

- Center’s mission is to conduct research on the 

impact of industry 4.0 on strategic renewal through 

business model innovation, disseminate this 

knowledge and facilitate its implementation in 

business. 

The VAT Research Center - conducts scientific 

research on the current model of VAT functioning and 

possible changes to this model.  The center is 

interdisciplinary, combining, among others, law, 

economy, finance and management. It integrates 

scientists of Kozminski University dealing with tax law, 

economy issues and management. It encourages 

students, including acting in the Students Tax Law 

Research Group KU to become interested in VAT 

issues. 

-other higher 

education institutions 

- entrepreneurship 

teachers 

-experts with 

different experience 

-a team of 

entrepreneurs 

- science parks, 

technological 

incubators 

- scientists from 

other research 

centers 

- judges of the 

Supreme 

Administrative Court 

and tax consultants 
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As we can see from two universities, the list of stakeholders is the same, as 

universities and business activities are carried out in the field of innovation. 

Stakeholders of the University: University graduates, graduates, university students, 

teachers, scientists and young inventors, business stakeholders, university partners, 

investors, venture funds, government decision-makers, as well as government 

support for business development bodies. Within the individual groups identified in 

accordance with the project and the target groups and groups that disseminate the 

results of the project, they are representatives of the university and business 

community, as well as society and government agencies.  

One of the most important tasks in strategy development is managing the relationship 

between the numerous and usually competing demands of different stakeholders in 

relation to their strategic goals (Ackermann and Eden, 2011). The current research 

has some limitations. First of all, it is the data used, which can reduce the forecasting 

accuracy. Secondly, we - the number of participants - students only, which makes it 

difficult to generalize the results. Further research can overcome this gap by using 

longitudinal data to improve the accuracy of predicting employee behavior towards 

stakeholders in university-business collaboration. One of the most important tasks in 

strategy development is managing the relationship between the numerous and usually 

competing demands of different stakeholders in relation to their strategic goals 

(Ackermann and Eden, 2011). The current research has some limitations. First of all, 

it is the data used, which can reduce the forecasting accuracy. Secondly, we - the 

number of participants - students only, which makes it difficult to generalize the 

results. Further research can overcome this gap by using longitudinal data to improve 

the accuracy of predicting employee behavior towards stakeholders in university-

business collaboration. The first hypothesis: the stakeholders are closely related in 

cooperation between universities and business proves that the activities of the two 

parties are supported by representatives from the university and from the business 

side, and any form of interaction requires detailed decisions from both parties. The 

second hypothesis is getting positive results about how the identification of 

stakeholders in cooperation in significant relationships affects the effectiveness of the 

interaction. The experience of two universities, especially Kozminsky University, 

shows a specialized approach to the activities of the university and close interaction 

between business representatives to perform specific tasks and resolve issues, these 

methods show the effective work of both parties and receive continued cooperation. 

The third hypothesis, about how the stakeholders have a positive effect on the 

innovation activities of the two parties, gets a positive result, since more than 35 

projects have been implemented in the business incubator of Turan University and 

more than 20 are now in implementation despite the short period of work. All business 

incubator projects were implemented using innovative approaches together with 

business representatives. 

 

5. CONCLUSION 

The interaction between universities and business has been developing for several 

decades, one of the most recognizable model of the triple helix, but today the 

scientific works of this field, the role of stakeholders in cooperation between the two 

parties is taking on great momentum, since the types of cooperation are of different 

nature. The effectiveness and sustainability of cooperation between the two parties 



177  

 

 

directly depends on the stakeholders who contribute to the implementation of the 

interaction. 

In the research papers of (Kozłowska, 2015), academic activity, which means the 

orientation of the university towards the problems of its environment, means the 

orientation of the university towards the affairs of representatives of this environment. 

Thus, university involvement turns into management of relationships with current 

stakeholders and with those who, as a result of interaction, become university 

stakeholders. A stakeholder-centered approach is recognized as an employee 

learning culture that is promoted throughout the organization to ensure the 

satisfaction of all parties who interact with the organization.  

According to stakeholder theory, an organization operates on the basis of 

relationships, among other things: with customers, suppliers and suppliers of new 

ideas and ideas. In turn, in the conditions of the now more and more demanded 

necessity of the wider opening of universities to the environment, attention is paid to 

the third mission of the university, social responsibility or social sensitivity of the 

university. As noted by Iryna Popadynets and other authors Achieving goals and 

stakeholder collaboration with universities are two important components of a 

stakeholder diagnostic protocol in education: stakeholder relationships with each 

other, the degree of stakeholder engagement with each other, the ratio of each 

stakeholder to the stakeholder group parties. These indicators have a general form of 

collaborators, which will help to separately consider in the future as a new research 

topic. 
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Abstract: The focus of the paper is to identify risks in various areas of operation of a 

selected trade and production company. The risks primarily referred to threats that 

had direct or indirect impact on the functioning of the organisation, thence the causes 

of their occurrence and effects are determined. Identification of individual risks is 

made based on analyses of internal and external context of the enterprise. In this 

study, over thirty key risks were identified, in the operational and strategic area, which 

is related to the taking of immediate action. The final stage of the paper includes 

preparation of control mechanisms allowing for minimisation or elimination of the 

discovered risks.  

Keywords: organisation context, threats, risk management, risk identification, risk 

analysis, risk assessment, control mechanisms. 

 

 

 

1. INTRODUCTION 

Risk management is currently an area of science and a realm of operation of various 

organisations which acquires increasing significance due to the essence of the 

broadly understood safety (Monkiewicz and Gąsiorkiewicz, 2010). Enterprises, 

institutions, and other organisational units that implement tasks in risk management 

are more aware of the opportunities and threats in their immediate and more distant 

environment and thus become capable of efficiently minimising the risk of failure and 

maximising the intended outcomes and profits (Knosala, 2018). Thus, they take care 

of their continuous development and safety and implement the agreed strategy better 

(Niciejewska and Kiriliuk, 2020; Niciejewska and Obrecht, 2020; Nikolova-Alexieva et 

al., 2018; Woźny, 2020).  

Risk management primarily relies on performance of an efficient risk management 

process. It comprises several consecutive (or parallel) stages, such as: determination 

of the organisation’s context and thus delineation of risk management goals, risk 

identification, risk analysis, risk assessment, reaction to risk, control, and 

communication. The aim of the current study is to identify the quality of risk 

management policies and actions implemented by an enterprise. Thus, the object of 

https://orcid.org/0000-0002-1094-6356
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the study is a production and trade company that is in the Śląskie Province, Poland. 

The research was carried out in the third and the fourth quarter of 2020 (i.e. in June 

2020 and in November 2020). The methodology is of a survey descriptive type and 

a broad range of research methods are used to successfully achieve the tasks and 

goals of the study. As a result, an identification of risks occurring along with causes, 

effects and control mechanisms are implemented. 

Based on a literature review in the field, the first stage of risk management process 

refers to the designation of all aspects of an organisation’s operation, which may be 

susceptible to the occurrence of threats. Subsequently, identification of potential risk 

factors is made and areas that they may refer to. Threats are characterised and the 

causes and effects (consequences) which they can lead to are determined (Wróbel, 

2015). The third step is proper analysis of risk consisting in determining its value 

(probability, effects or additionally others). In the risk assessment it is necessary to 

specify whether the calculated level of risk fulfils the terms of acceptability or not. If 

the assessment indicates that the risk occurs on a non-acceptable level or 

a conditionally acceptable level, then it is necessary to determine the modes of 

handling such risk. Reaction to risk is a stage that consists in implementation of 

preventive activities or completely new control mechanisms. This is a stage during 

which costs of implementation of safeguarding measures are planned and the date of 

their performance, as well as the team of persons who will be responsible for such 

tasks. The penultimate stage is efficient communication among all interested entities.  

On the other hand, monitoring is a stage in the risk management process that occurs 

in parallel with other stages and is carried out on a practically ongoing basis. It 

comprises monitoring of threats, assessment of implemented ex-post activities, as 

well new formation of the process. Individual stages of the risk management process 

require application of proper methodology and thus methods, techniques and tools 

that enable its performance. The selection of methodology is free and adjusted to the 

specific nature of a given company and its profile of operation (Jajuga, 2007; 

Kaczmarek, 2010; Oxford Advanced Learner’s Dictionary, 2010).  

The paper is structured as follows: following the introduction, in the second part is 

described the research methodology. This analysis paves the way for the third part, 

consisting in identification of risks in a company and compilation of control 

mechanisms. The fourth part stresses on the results and discussion based on the 

research. The article closes with summary and conclusions in the field of risk 

identification.  

    

2. RESEARCH METHODOLOGY 

The studied enterprise is a production and trade company that is in the Śląskie 

Province, Poland. The company’s core activity is water jet cutting and laser cutting. 

The orders are performed for economic entities (very small and very large ones), as 

well as for retail clients. The method of cutting is intended for single-piece production, 

short-series production and processing of materials that are difficult to handle with 

other technologies. The performed service is dedicated to a broad group of recipients, 

e.g., manufacturers of machines and technological lines in the food industry, 

producers of machines and devices for mining and energy industry, producers of 

fittings, producers of laboratories, as well as the advertising industry, arms industry, 

construction industry, etc.  
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The water jet cutting technology belongs to one of the most environmentally friendly 

technologies. It does not emit harmful vapours, heat, or waste. Additionally, it makes 

use of natural materials, clean water, and electricity. The company’s competitive 

advantage is the fact that it holds a permit of the Ministry of Internal Affairs and 

Administration for performance of activities around production and trading in products 

and technology for military or police use. This is related to multiple opportunities, as 

well as threats, which will be discussed in a further part of this study. The company 

holds a certified quality system according to the EN-ISO 9001:2009 standard and 

successfully completes annual audits. The company has held the EN ISO 9001:2000 

certificate since 2008 it is annually confirmed by the TUV Nord Cert GmbH audit. 

Furthermore, it holds the BISNODE Business Reliability Certificate of 2015 and Złoty 

Płatnik Certificate from 2015 - Euler Hermes. 

For the purposes of this paper, the studies were carried out in the third and the fourth 

quarter of 2020 and its results will be used for further analysis and assessment of risk 

and performance of a holistic risk management process in the studied company with 

the aim of implementing a system compliant with the ISO 31000 Risk Management - 

Principles and Guidelines System.  

The study methodology comprised verification of the company’s documents, a 

discussion, an interview, as well as a control list prepared with the employees of 

individual company divisions. Three main stages of the risk management process 

were completed, namely determination of the organisation's context, identification of 

risks and reaction to risk. Statistical data were used along with other information 

deriving from main areas of the company's operation: finances, production, sale and 

marketing, quality management and HR resources management in the company, 

strategic management. 

 

3. DISCUSSION AND RESULTS 

The first stage of the study was to determine the internal and external context of the 

studied enterprise. The internal environment referred to such areas of the company's 

operation as: mission, vision, values, management, organisational structures, roles 

and responsibilities of the company's personnel, strategies, goals, policy, 

organisational culture, standards, guidelines and models accepted by the 

organisation, opportunities, resources and knowledge (e.g. capital, time, people, 

intellectual property, processes, systems and technologies), data, information 

systems and flow of information, relations with internal stakeholders, taking into 

account their remarks and values, as well as contractual relations and obligations. On 

the other hand, the external context consisted in analysis of the following range: 

social, cultural, political, legal, regulatory, financial, technological, economic, and 

environmental factors, international, domestic, regional, and local ones, key factors 

and tendencies affecting the organisation's goals, contractual relations and 

obligations. With respect to the above, the following elements were distinguished, 

which may generate risks, but also opportunities for the company’s development: 

• servicing of economic entities (large and small) along with retail clients; 

• price and quality of products, quality of provided services; 

• longest experience in Poland in the water jet cutting technology; 

• observance of top payment standards; 

• engagement and cooperation of employees; 

• customer servicing; 
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• formalised organisational structure, preparation of scopes of obligations, 

employees’ responsibilities and rights; 

• responsibilities and rights of the Quality Management System Representative; 

• democratic style of management; 

• profitability of the company; 

• sourcing new clients; 

• zero complaint level; 

• the company’s development (maintenance of 100% employment, proper 

management of financial resources, launching of the abrasive recycling system); 

• strictly defined work organisation (assignment of tasks and control of their correct 

performance); 

• regular team meetings (briefings); 

• counteracting mobbing at the workplace; 

• integration meetings and company trips; 

• implementation of the PN-EN ISO 9001:2009 standard; 

• license for sub-systems and elements of military or police-use products; 

• documented procedures, instructions; 

• company secret; 

• modern machines and devices - cutting plotters (water, laser) with a wide range of 

application; 

• computer equipment with specialist software; 

• the company’s financial capital (funds accumulated on the bank account and in the 

cash register); 

• subsidies from the European Union (EU funds); 

• IT systems: Soft 4 Sale (management), IGEMS (water cutting design), TRU TOPS 

(laser design); 

• databases: employees, clients, suppliers and other contracting partners; 

• internal communication with employees (internal management, system 

documentation, trainings, periodical personnel meetings); 

• contracts and liabilities; 

• exchange of know-how; 

• tax relief; 

• inflation, unemployment; 

• natural environment and external catastrophic threats; 

• costs of labour, energy and transport; 

• level of skills of the engineering and technical personnel, qualifications and 

experience of personnel; 

• demand on the side of the army and police; 

• threat on the side of competition; 

• technological stability; 

• possibility of service differentiation; 

• dependence of certain services on the supply of abrasive. 

Among most important factors of the internal and external environment that affect the 

functioning of the studied company are these which belong to the relations with clients 

(demand on the side of key buyers - the army and the police) and suppliers, 

competition, modern and costly technology, quality of provided services, safety 

systems, demand for personnel, as well as economic factors, legal and political ones, 

as well as factors related to the natural threats. At the time of current events related to 
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the international COVID-19 coronavirus pandemic, there are also important factors in 

which the company must function in new, adverse conditions, which generates new 

threats. 

One can look for opportunities and threats in every one of the above-listed elements 

of the company’s environment. Given the fact that there are many of them, risks 

identified on such basis were aggregated. In relation to this, only these were selected 

that pose the greatest problem on the strategic and operational level of the 

organisation, as well as these that require priority activities (in the first place, activities 

minimising and eliminating the level of risk are taken about them) and they are 

presented in Table 1.  

 

Table1  

Identification of risks occurring in the studied enterprise along with control mechanisms 

№ Risks Causes Effects Control mechanisms 

1. Coronavirus 

(COVID-19) 

pandemic 

Global 

emergence of a 

virus which is a 

threat to 

people's health 

and lives 

Lockdown, 

suspension of 

business, 

downsized 

production, loss of 

financial liquidity, 

loss of income and 

key clients 

Activities minimising the 

spread of virus, 

adherence to the 

recommendations of the 

Chief Sanitary Inspector 

and the Ministry of 

Health, observance of 

safety procedures, 

procurement of financing 

from the state anti-crisis 

shield programme, 

governmental subsidies 

2. Lower 

consumption 

of water and 

electricity 

Problems 

related to the 

transfer of 

utilities on the 

side of suppliers 

Halted production, 

production losses 

Securing lack of water for 

8 hours: a 1000 L Mauzer 

container, contracts with 

suppliers, negotiation of 

prices 

3. Increased 

competition on 

the side of 

large entities 

Significant 

position of 

competitors on 

the market, 

diversification of 

services by 

competitors, 

emergence of 

new competitors 

Reduced demand, 

loss of a part of 

clients 

Diversification of provided 

services, sourcing new 

clients, filing applications 

for the funding of 

innovative activity of 

economic entities, 

marketing activities 

4. Foreign 

exchange 

fluctuations 

The state’s 

financial policy 

Increase in the 

price of offered 

services, reduced 

demand, loss of a 

part of clients, 

reduction of profit 

Possibility of dividing 

streams of revenues or 

foreign exchange 

payments into minor 

portions, paid in various 

periods, possibility of sale 

or purchase of foreign 

currency in forward 

transactions 
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№ Risks Causes Effects Control mechanisms 

5. Lack of 

financial 

liquidity 

Long payment 

deadlines from 

suppliers 

Halted production, 

loss of a part of 

clients, loss of the 

company’s image 

Change in the terms of 

payment transactions 

6. Increase in 

fixed and 

variable costs 

Inflation, 

increase in 

labour costs, 

energy, 

transport, raw 

materials and 

materials  

Increase in the 

price of offered 

services, reduced 

demand, loss of a 

part of clients, lack 

of profitability 

Selection of optimum 

cutting parameters, 

optimum cut-out of 

materials, savings, 

change of suppliers, 

sourcing new clients, 

applications for financing 

business activity as part 

of EU projects and 

subsidies 

7. Economic 

problems of 

major clients 

Financial policy 

of the company, 

economic 

factors 

Loss of 

cooperation, lack of 

clients’ solvency, 

drop in profits, drop 

in financial liquidity, 

court cases 

Crediting of orders, 

deferral of orders and 

payments, discounts and 

price reductions, sourcing 

new clients 

8. Economic 

situation 

The country’s 

economic 

policy, external 

determinants 

Drop in demand for 

products and 

services, loss of 

revenues, lack of 

qualified personnel 

Adjustment of activities to 

the current economic 

situation 

9. Technical 

failures, 

construction 

catastrophes 

Incorrect 

maintenance of 

machines, 

devices and 

construction 

facilities, 

exceeding 

authorisations, 

failure to 

observe 

provisions and 

safety 

procedures, 

lack of risk 

analysis 

Direct threat to 

human health and 

life, panic, 

necessity to 

evacuate people, 

disruptions in 

transport and 

communication, 

disruptions in 

operation of the 

gas grid, electricity 

and heat network, 

destruction of the 

company’s 

property 

Insurance, observance of 

safety principles, proper 

use of machines, devices 

and construction facilities, 

performance of the risk 

management process 

10. Theft/ loss of 

material and 

financial 

assets 

Crime, burglary, 

fraud, lack of 

implemented 

safety 

procedures 

Financial losses, 

breaks in 

production 

Technical safeguards, 

insurance, security 

services, security 

procedures, alarm 

systems, monitoring, 

roles and responsibilities 

of key employees 

11. Destruction of 

resources 

Crime, burglary, 

force majeure 

(natural 

disasters) 

Financial losses, 

loss of key 

information 

Insurance, protection from 

burglary, securing of 

materials, protection of 

resources, adherence to 
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№ Risks Causes Effects Control mechanisms 

safety principles, 

implementation of security 

systems 

12. Lack of 

resources on 

the market 

Economic and 

foreign policy of 

the country 

Halted production, 

no possibility to 

provide services, 

loss of a part of 

clients, loss of 

company image 

Stock of standard 

materials or most 

frequently used materials, 

searching for alternative 

suppliers of resources   

13. Violation of 

information 

security 

Lack of 

knowledge and 

trainings for 

employees, lack 

of safeguards 

and data 

protection; 

failure to 

implement 

information 

security 

procedures, 

imprudence of 

employees 

Loss of key 

information, 

violation of 

company secret 

Implementation and 

observance of security 

principles, training and 

teaching of employees, IT 

safeguards, security 

audits, employee 

trainings, introduction of 

information security 

system 

14. Irregularities in 

the use of EU 

funds 

Lack of 

supervision and 

control 

Liquidated 

damages, return of 

funds, incorrect 

use of available 

assets 

Division of obligations, 

training and improvement 

of knowledge, internal 

control system, analysis 

of risk in the area of 

financial abuse, ethical 

conduct 

15. Difficulties 

with sourcing 

new clients 

and retaining 

current ones  

Consumer 

habits of clients, 

competition on 

the market 

Sourcing clients via 

competitors, 

reduction of prices 

of services in order 

to maintain 

production and 

financial activities 

Building relations with 

clients, quick reaction to 

the clients’ needs, proper 

choice of the target group 

of clients, personal 

approach to clients, 

professional 

communication, extended 

marketing activities. 

16. Activities for 

the sake of the 

natural 

environment 

Use of garnet 

for production 

Environmental 

pollution, high 

costs of garnet 

utilisation 

Introduction of abrasive 

recovery system 

17. High 

temperature 

resulting in 

overheating of 

machines 

Weather factors 

- hot summer 

Failures, 

suspension of 

production, high 

costs of production, 

financial losses 

Heat disposal (triple 

circulation system) 

18. Substitute 

(plasma 

cutting) 

Development of 

plasma cutting 

technology, 

New possibilities 

and opportunities 

for the company, 

Laser cutting is applied in 

the cutting of precise 

elements with complex 
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№ Risks Causes Effects Control mechanisms 

scientific 

accomplishment

s 

subsidies for 

innovative activities 

shapes, with small 

diameters (e.g. inner 

angles, loops, arcs, 

combs) 

19. Insufficient 

competence 

and errors of 

employees 

Lack of 

evaluation of 

employees’ 

competence, 

inefficient 

system of 

education, 

recruitment of 

employees 

without 

experience, lack 

of trainings 

High employee 

fluctuation, 

excessive errors, 

delays in service 

performance, 

breaks in 

production, 

additional costs, 

financial and 

material losses 

Proper employee 

recruitment and selection, 

on-boarding trainings, 

cooperation with 

secondary schools in the 

area of education, 

refresher trainings, 

ongoing development and 

self improvement, 

correction and adjustment 

of labour utilisation, 

replacement 

20. Inefficient 

system of 

information 

flow 

Lack of efficient 

system of 

information flow, 

lack of 

communication 

trainings 

Excessive errors, 

delays in service 

performance, 

breaks in 

production 

Introduction of an 

integrated information 

flow and exchange 

system among the 

company's units 

21. Lack of 

employees’ 

engagement 

Incorrect 

employee 

incentive 

scheme, 

conflicts in 

teams, low 

remuneration 

Excessive errors, 

delays in service 

performance, 

breaks in 

production, 

additional costs, 

termination of 

employment 

contracts 

Employee motivation, fair 

remuneration system, 

system of prizes and 

penalties 

22. Accidents at 

work 

Failure to 

adhere to the 

OHS principles, 

incorrect 

safeguarding of 

machines and 

devices, failure 

to use personal 

protection 

equipment, 

occurrence of 

hazardous and 

detrimental 

factors in the 

labour 

environment 

Employee 

absenteeism, 

halted production, 

additional costs, 

loss of image 

OHS principles, 

employee trainings, 

proper preparation of 

work positions and 

designation of hazardous 

zones, application of 

personal protection 

equipment, limitation of 

hazardous factors, 

investments in new 

technology, insurance, 

adequate assessment of 

professional risk 
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№ Risks Causes Effects Control mechanisms 

23. No possibility 

to enforce 

liability with 

respect to the 

entrusted 

property 

Lack of legal 

regulations 

pertaining to the 

liability for the 

entrusted 

property, failure 

to enforce the 

law 

Excessive errors, 

delays in service 

performance, 

breaks in 

production, 

additional costs, 

termination of 

employment 

contracts 

Seeking damages 

amicably or in court 

24. Lack of 

stability of 

supplies 

Lack of 

resources on 

the market; 

unstable 

economic 

situation, lack of 

suppliers or 

limited number 

of suppliers, 

disruptions in 

timely supplies 

Lack of production 

stock, financial and 

production losses, 

loss of clients 

Planning of deliveries in 

advance, confirmation of 

dates of delivery at the 

tendering stage, safety 

stocks, liquidated 

damages for late 

deliveries, reserve 

suppliers 

25. Monopolist 

position of 

suppliers 

Too few 

suppliers on the 

market, high 

bargaining 

power of 

suppliers in the 

sector 

Lack of availability 

of production 

materials, breaks in 

production, delays 

in service 

performance 

Planning of deliveries in 

advance, confirmation of 

dates of delivery at the 

tendering stage, safety 

stocks, liquidated 

damages for late 

deliveries, reserve 

suppliers 

26. Late deliveries Lack of 

materials on the 

market, 

problems with 

transport  

Break in 

production, delays 

in service 

performance 

Planning of deliveries in 

advance, confirmation of 

dates of delivery at the 

tendering stage, safety 

stocks, liquidated 

damages for late 

deliveries, reserve 

suppliers  

27. Low quality of 

raw materials 

Lack of criteria 

to verify 

suppliers  

Production 

problems, low 

quality of offered 

products and 

services, financial 

losses 

Verification of supplies, 

requirement of licenses;  

28. Resistance of 

employees, 

unwillingness 

to changes 

Lack of proper 

motivation of 

employees 

No possibility of 

introduction 

Delivery of up-to-date 

knowledge and 

information about the 

implemented changes, 

presentation of benefits 

from the introduced 

changes, building a 

feeling of security, 

building correct 
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№ Risks Causes Effects Control mechanisms 

interpersonal relations, 

participation and 

motivation of employees, 

engagement of 

employees, planning of 

changes  

29. Failures of 

machines and 

devices 

Obsolete 

machines and 

devices, lack of 

maintenance 

and inspections, 

incorrect 

exploitation 

Light or severe 

bodily injuries, 

even death, 

complete 

destruction of a 

device, production 

losses 

Inspections, maintenance, 

use in compliance with 

user's manuals, remote 

removal of failures  

30. Incorrect 

choice of 

cutting 

parameters 

Employee’s 

errors  

Losses in 

production, 

destruction of 

materials, financial 

losses, loss of the 

company’s image 

Preparation of material 

inventories, experience of 

programmers 

31. Disruptions in 

supplies of 

energy and 

water 

Failure, strains 

in consumption, 

environmental 

issues  

Break in 

production, 

financial losses 

Securing lack of water for 

8 hours: 1000 L Mauzer 

container 

32. Incorrect 

drawings 

provided by 

the client 

The client's lack 

of experience, 

errors 

Losses in 

production, 

destruction of 

materials, delays in 

service 

performance 

Checking dimensions and 

offering details with 

dimensions, approval of 

offers by the client 

33. Lack of access 

to data 

necessary in 

the production 

process 

Incorrect 

securing of 

data, loss of 

data, failure of 

the ICT system 

Break in 

production, delays 

in service 

performance 

Archiving of data and 

preparation of back-up 

copies 

34. Failure of the 

IT system 

Lack of stable 

operation of one 

of the system 

components, 

technical errors 

in the system, 

natural 

disasters, 

intentional or 

accidental 

actions of man 

Break in 

production, delays 

in service 

performance; 

disruptions in 

continuity of 

operation, possible 

loss of access to 

data, data 

confidentiality 

Audit of IT system and 

implementation of 

required changes, system 

updates (implementation 

of necessary extensions, 

data archiving and 

preparation of back-up 

copies; anti-virus 

systems, preparation and 

implementation of security 

policy) 

35. Break-in into 

the system 

Breaking of 

safeguards, 

incorrect system 

configuration, 

incorrect actions 

of users 

Break in 

production, delays 

in service 

performance; 

disruptions in 

continuity of 

Anti-virus software, 

firewalls, authentication 

(use of strong passwords, 

passwords to routers and 

other security systems) 
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№ Risks Causes Effects Control mechanisms 

operation, possible 

loss of access to 

data, data 

confidentiality 

Source: own study 

 

Identification of risk is the second and essential element of the risk management 

process, underlying further analysis, assessment, and reaction to risk, whereas in a 

further perspective, it also concerns two stages of the process that occur in parallel 

(control and communication). Based on identification of risks in the studied company 

and analysis of Table 1, the following conclusions can be drawn: 

1) pursuant to the analysis of the company’s documents, carried out during 

interviews with the management and personnel, as well as on the basis of 

statistical and strategic analyses of the company, thirty-five main risks were 

identified which form a basis for implementation of a further risk management 

process; 

2) the identified risks are primarily operational risks, related to the production 

process, as well as market risks, pertaining mainly to suppliers and resources, IT 

risks, risks for human resources, and recently also the external risk and the 

strategic risk; 

3) major risks from the point of view of the company’s profile of operation and further 

perspectives of its development are: risks directly related to the production 

process, given the generated financial losses, increased competition in the sector 

forcing the enterprise to take actions aimed at reduction of prices and increase in 

the quality of provided services, risks related to suppliers and clients, including 

risks related to the sourcing of new clients in difficult market conditions, risks 

related to the economic situation, economic problems, indirectly also related to 

the current state of the pandemic. Furthermore, an important role is played by 

risks related to the human factor on account of the problems with sourcing 

competent employees on the labour market, having specialist qualifications, 

ready to take innovative actions supported by new projects and external funds. 

Less important risks relate to machines and devices on account of use of a 

modern and safe technology and observance of basic safety principles, risks of 

accidents at work (no events were recorded), as well as risks related to 

information security (implemented information security systems, implementation 

of security policy) and ensuring high quality of provided services (given the 

implementation of ISO 9001 and its cyclical certification). It is worth drawing 

attention to the fact that a significant opportunity has appeared among risks: 

plasma cutting as a substitute activity, thanks to which the company has a 

possibility of conducting innovative activities and sourcing funds for development; 

4) the most frequent causes of risk include: global threats, market determinants, 

increase in fixed costs, the state’s economic policy, lack of qualified employees, 

errors of employees and lack of engagement in innovative activities of the 

company, price-quality ratio, problems with sourcing clients and new suppliers, 

high requirements of clients with respect to prices and competition in the sector, 

low quality of raw materials and lack of resources; 
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5) the most frequently occurring effects of identified risks include: halts in production 

and disruptions in continuous operation of the company, lack of financial liquidity, 

financial losses, loss of clients due to increased competition and increased prices 

of services, and even - in a pessimistic scenario - suspension of the company's 

operation.  

6) the most important control mechanisms include: application of safety procedures, 

ensuring continuity of operation, insurance, safeguarding of stocks, diversification 

of operation, among others via innovative activities and sourcing external 

financing, changes in terms of payment transactions, sourcing new clients and 

suppliers, introduction of systematic training for employees, as well as holistic 

implementation of the risk management process in the enterprise; 

7) activities minimising or eliminating risks (control mechanisms) are mainly focused 

on elimination of causes of specific risks and also the resulting effects of threats. 

However, this is related to a thorough analysis and assessment of risk, using 

determination of values of risk parameters (probability and effects) with the 

application of adequate quantitative or quantitative and qualitative methodology 

(e.g. a risk matrix). 

 

4. CONCLUSION  

Summing up the discussion pertaining to the identification of risks in the examined 

enterprise, it may be concluded that the company is currently in an uncertain situation 

as far as making strategic decisions in the face of external determinants is concerned. 

As follows from the organisation’s context, although there are more internal factors 

than external ones, their impact is less significant when the potential effects are 

concerned. In this study, over thirty key risks were identified, in the operational and 

strategic area, which is related to the taking of immediate action.  

The paper presents only three stages of the risk management process, thus the next 

step in this research project will be preparation of a detailed analysis and risk 

assessment with the application of proper methodology relying on risk parameters, 

such as probability (or the level of impact on the organisation) and its effects. An 

interesting and, at the same time, a practical approach would also be considering 

potential opportunities that may appear in the company, with respect to the taking of 

innovative actions, which are currently a very important area of the company’s 

development.  

Given the occurrence of a significant number of aggregated risks in the studied 

company, it is also necessary to make decisions about the introduction of the 31000 

standard and implementation of the risk management system, as all areas of the 

company's operation are engaged in risk generation (FERMA 2003, AIRMIC Risk 

Management ISO 31000:2017, Standard AS/NZS 4360:2004). Implementation of risk 

management standards minimises such risk, allowing for integration of the remaining 

systems (e.g. ISO 9001, or 2700). The company is continually developing and looking 

for new intellectual potential; it implements new technologies and plans further 

diversification, thus appearance of new threats and opportunities for the organisation 

is becoming an inevitable issue. The paper does not exhaust the issue of risk 

management process; it is an open aspect and requires further analysis and 

assessment of the problems presented in the work. 
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Abstract: Noise is one of the most common physical factors causing nuisance and 

harmful to worker health in the long term. The focus of the research was the 

measurement and analysis of the noise level at the screw injection moulding machine 

operation station intended for plastic elements’ manufacturing. The occupational risk 

evaluation was conducted based on the observed data. The results of the study 

allowed for the development of precautionary and preventive measures. Furthermore, 

the paper features identification of the work environment factors occurring in the 

studied manufacturing enterprise with division to dangerous, harmful, and 

bothersome. 

Keywords: noise, work environment factors, work safety, occupational risk 

 

 

 

1. INTRODUCTION 

The execution of each professional work features human exposure to various 

hazards. They are mainly determined by the impact of work environment factors 

specific for each discipline, occupation or given position. This specifically concerns 

manufacturing enterprises for which the manufacturing process itself affects the work 

process and is related to the occurrence of complex dependencies in the work 

environment (Niciejewska and Kiriliuk, 2020; Woźny, 2020). Workplaces should be 

adapted as well as possible for the safe execution of work to prevent any types of 

accidents. Often seemingly trivial shortcomings or belittling the impact of various 

factors on work can lead to dangerous effects for human life and health. A distracted 

worker can accidentally enter an incorrectly secured hazardous work zone and be 

exposed to a direct hazard to health or life. Another example is when a worker stays 

for an excessively long time in an environment of physical, biological, or chemical 

factors, as well as direct or indirect contact with such factors. Working with any type of 

machines and devices, requiring the ability to use them correctly and compliance with 

safety principles, is especially dangerous (Fila et al., 2020; Kielesińska, 2020; 

Niciejewska and Obrecht, 2020).  

https://orcid.org/0000-0002-1094-6356
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In subject literature, work environment factors are divided into three categories, 

depending on danger level and the effects caused. These include dangerous, harmful, 

and bothersome.  

Dangerous factors, also known as injury risk factors, are characterised by a sudden 

impact on the human organism and they include, e.g. hazards caused by machine 

operation, moving or sharp elements, electrocution, etc. Harmful factors that can 

affect a human performing his or her duties in the work environment cause negative 

consequence for the worker’s health and life during, e.g. intoxication, bodily injury and 

damage, other health damage, e.g. hearing loss. Bothersome factors occurring in the 

work environment can lead to lowering the worker’s physical and mental fitness (e.g. 

long-term sitting in front of a computer), distraction, apathy, fatigue, etc. Therefore, 

hazards at the workplace can be divided into those resulting from the work 

environment determined by physical, chemical, and biological factors or from the work 

execution manner.  

In case of a change in the given factor’s degree of impact on the human organism, 

a factor classified as harmful can be reclassified as dangerous. On the other hand, 

long-term worker exposure to bothersome factors can lead, after a certain time, to the 

factor’s reclassification as a harmful factor (Frymus and Babicz, 2017). Summarising 

the foregoing considerations, work environment factors can be categorised in the 

following manner (Uzarczyk, 2009): 

– dangerous - the factors’ immediate impact on the worker can cause injuries or lead 

to the deterioration of the worker’s general well-being and health condition, or even 

cause death; 

– harmful - the factors’ impact on the human organism can lead to the deterioration 

of the worker’s health condition or can cause health problems. 

– bothersome - the factors constitute a group of factors that indirectly affect the 

worker. They do not directly cause a deterioration in the worker’s health or well-

being, but their effects can appear after a long time. The bothersome factors also 

have a negative impact on the worker’s concentration capacity, thereby reducing 

his or her performance. 

Each work environment includes factors that affect work, however the hazards caused 

by them only occurs when the maximum permissible concentration (MPC) and 

maximum permissible intensity (MPI) specified in the regulations and standards are 

exceeded. Identification and then minimisation or elimination of adverse work 

environment factors is very important, mainly for the sake of worker health and life, 

but also for the employers’ performance of their duties specified in legal codes and 

acts. Along with increasing public awareness on the hazards present in work 

environments, legislators, organisations, and enterprises started to develop various 

regulations, standards and safety principles that implement strict rules on job creation. 

Their purpose is to ensure worker safety in a holistic manner and simultaneously 

reduce hazard occurrence. Furthermore, in order to eliminate the occurrence of 

adverse work environment factors or limit their adverse impact on worker health and 

life, employers are obliged to apply a series of precautionary and preventive 

measures (Regulation of the Minister of Economy and Labour of 5 August 2005 on 

occupational health and safety at work featuring exposure to noise or mechanical 

vibration, the Regulation of the Minister of Family, Labour and Social Policy of 12 

June 2018 on the maximum permissible concentration and intensity of factors harmful 

to health in the work environment).  
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Noise is one of the physical hazards classified as a bothersome factor and possibly 

even a harmful factor in the long-term. According to the definition, it means the impact 

of sounds with various frequencies on the human organism. In the Polish Standard, 

noise is defined as sound of any acoustic nature, which is undesired by the given 

person and in the given conditions. Noise is divided into audible and inaudible for the 

human ear. It depends on the acoustic vibration frequency expressed in hertz (Hz). 

Audible noise fluctuates in the range of 20 Hz to 20,000 Hz, while inaudible noise, 

including infrasound fluctuates from 1 to 20 Hz, and ultrasound is above 20 kHz (PN-

N-01307: 1994, PN-N-18002, PN-Z-01338:2010) 

In a short time, noise can only cause discomfort for humans and have an adverse 

impact on their well-being and concentration. Long-term exposure to noise can have 

much more serious consequences including, among others, hearing impairment and 

even deafness. Sounds are characterised by varied biological impact on humans, 

depending on their frequency. For this reason, the noise level evaluation features 

sound designations: A – low sounds, B – medium sounds and C – high sounds, 

recorded as dB(A), dB(B) and dB(C) accordingly, which are in practice aimed at 

describing human auditory sensations (Łukjaniuk, 2019; Raczkowski, 2009).   

The harmful impact of noise is accumulating over time. This means that the adverse 

impact of high-frequency sounds is not identifiable immediately after exposure. 

Seemingly harmless noise with a relatively low intensity, e.g. 75-85 dB(A), not 

exceeding the current standards, but with its effect lasting continuously for several or 

even over a dozen years, can lead to permanent and serious hearing damage and to 

the occurrence and development of neurotic diseases. Therefore, from the employer’s 

perspective, it is necessary to strictly comply with the standards and regulations in 

force. Aside from the adverse impact of noise on the human organism, especially 

hearing damage, noise substantially affects the worker’s performance and, in turn, the 

economic factors.  

Noise significantly disrupts the worker’s concentration. In a long-term perspective, 

exposure to noise causes energy loss and the resulting changes in the human central 

nervous system increase fatigue intensity and reduce working capacity. It hinders the 

execution of entrusted work in a precise and reliable manner, resulting in common 

errors and shortages, e.g. in manufacturing. In numerous cases, concentration loss 

caused by noise can lead to serious accidents, which can in turn result in worker 

death (Dąbrowski, 2002; Engel, 1980).  

According to the rules of law, noise is characterised by three values (Regulation of the 

Minister of Labour and Social Policy of 12 June 2018): 

 degree of noise exposure during an 8-hour daily work time; 

 maximum sound level A, it is a value that cannot be exceeded;  

 peak sound level C, it is related to impulse sounds, the value cannot be exceeded.  

Table 1 presents the permissible values for the environment factor of noise. Table 1 

demonstrates that the noise exposure in an 8-hour cycle cannot exceed 85 dB, 

similarly to the weekly cycle. The maximum sound level A amounts to 115 dB, while 

the peak sound level C - 135 dB. Noise standards for juvenile workers are 5 dB lower, 

while for pregnant women they are as follows: 65 dB, 110 dB, 130 dB. 

The aim of the current study is to identify the noise level in a manufacturing enterprise 

producing parts for baby carriages. Thus, the object of the research is two screw 

injection moulding machine operation stations intended for plastic elements’ 
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manufacturing. The focus is the measurement and analysis of the level of this 

dangerous factor. For this purpose, is used an integrating sound level meter with first-

class accuracy, i.e. Sonopan SON-50 meter. The noise measurements were 

conducted by using the intermediate method. 

 
Table 1  

Permissible noise intensity in the work environment 

Noise exposure time Noise exposure level (dB) 

Eight-hour work time 85 dB 

Work week 85 dB 

Maximum sound level A 115 dB 

Peak sound level C 135 dB 

Source: (Regulation of the Minister of Labour and Social Policy of 12 June 2018) 

 
The paper is structured as follows: following the introduction, in the second part is 

described the classification of work environment factors. This analysis paves the way 

for the third part, in which is highlighted the studied enterprise. The fourth part 

stresses on the results and discussion based on the research. The article closes with 

summary and conclusions in the field of investigation the noise level. 

 
2. RESEARCH METHODOLOGY 

The paper features the measurement and analysis of noise with consideration of the 

current legal regulations and standards. The scope of work covered studies in a 

manufacturing enterprise producing parts for baby carriages. It is a civil partnership 

employing less than 10 workers. The plant’s infrastructure consists of a single 

manufacturing hall with two production machine stations, a social room and office 

building. The manufacturing hall features a separated area referred to as the 

warehouse, from which the workers take the production material, as well as a finished 

products storage zone. Soon, the company is planning to expand its infrastructure by 

building a separate warehouse for raw materials and finished products. This will also 

result in an increase in employment. 

The study covered two screw injection moulding machine stations for plastic 

elements’ manufacturing. The injection moulding machine is a device intended for 

processing of any type of plastics. The processed plastic material is fed in granulate 

form into the machine’s dispenser, where it is then collected by the screw injector, in 

which it is melted and compressed. Each phase includes an injection of melted plastic 

to a special mould in which it solidifies and then the element is ejected from the 

mould. The machine operator’s work includes the machine’s operation and 

supervision (Frymus and Babicz, 2017). In addition, the worker operates auxiliary 

equipment intended for feeding raw material and product reception. The machine’s 

operator in the studied enterprise is also responsible for sorting and packaging semi-

products and finished products.  

The studied workstation’s dangerous factors include, among others, moving machine 

elements, working with hot moulds and material as well as electric current. Harmful 

factors mainly include noise, dusts, and mechanical vibration. On the other hand, 

bothersome factors concern strains on the musco-skeletal system, micro-climate, and 

lighting. In the studied enterprise, noise is mainly emitted during the (screw injector 

moulding) machines’ operation intended for finished products’ manufacturing. The 
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measurement of the equivalent sound level A, maximum sound level A and peak 

sound level C was conducted with the use of an integrating sound level meter with 

first-class accuracy. The measurements featured the use of a microphone windshield. 

The noise measurements were conducted by using the intermediate method, which is 

based on measuring noise in a shorter time than the worker’s exposure time, and then 

on using specific mathematical dependencies to designate the noise values at the 

work stations. The measurements were conducted during a single working day. Three 

measurements, 15 minutes each, were conducted: the first measurement was 

conducted between 10:15 and 10:30, second measurement from 13:15 to 13:30, and 

the third measurement was conducted between 15:15 and 15:30. All three 

measurements were conducted during the screw injector moulding machines’ 

operation and during social and hygienic breaks. The Sonopan SON-50 meter, 

constituting part of the studied enterprise’s equipment, was used for this purpose. The 

device allows for measuring several acoustic values at the same time. The meter also 

indicates the measurement’s time and monitors the battery charge status. It is 

possible to measure the effective value with the use of one of three corrective 

features built into the instrument: A, C, LIN, or the attached outer filter.  

The SON-50 integrating sound level meter meets the requirements set out for such 

devices in PN-EN 61252: 2000 - Electroacoustics. Requirements for individual noise 

exposure meters as well as PN-EN 60804: 2002 - Integrating-averaging sound level 

meters. 

 

3. DISCUSSION AND RESULTS 

Table 3 presents the results of noise measurements in the studied manufacturing 

enterprise. 

 

Table 3  

Results of the work environment noise measurements in the studied manufacturing enterprise 

 Measurement 1 Measurement 2 Measurement 3 

During the 

screw 

injection 

moulding 

machine’s 

operation 

During 

social and 

hygienic 

breaks 

During the 

screw 

injection 

moulding 

machine’s 

operation 

During 

social and 

hygienic 

breaks 

During the 

screw 

injection 

moulding 

machine’s 

operation 

During 

social 

and 

hygienic 

breaks 

Duration of 

measurements, 

min. 

15 15 15 15 15 15 

Individual 

results, dB  

72.1 47.6 72.1 47.6 76.6 47.6 

71.8 48 73 48 75.4 48 

72.3 46.9 72.8 46.9 76.2 46.9 

Maximum sound 

level A, dB 82.8 58 81.8 58 87.9 58 

Peak sound level 

C, dB 
110.8 78.9 109.4 78.9 111.8 78.0 

Noise exposure 

level for 8 hours 
71.8 (+) 2.0 72.6 (+) 2.0 75.8 (+) 2.1 

Source: own study 
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The obtained results of noise measurement in the studied enterprise must be rated 

very highly because all values are within the current maximum permissible intensity 

limits for the work environment. The noise exposure level during an 8-hour work time 

did not exceed the permissible value, i.e. 85 dB, in any of the measurements 

conducted. The maximum sound level A is also within the current standard limits, i.e. 

it did not exceed 115 dB. The peak sound level C is similar, and its values are below 

135 dB. It is a very positive phenomenon, because noise is one of the main reasons 

of occupational hearing impairments, especially among manufacturing workers.  

The obtained results varied slightly during the machines’ operation, whereas the 

results obtained during sanitary and hygienic breaks were at a similar level. The 

individual results were highest in the last measurement conducted during the 

machines’ operation. The maximum sound level A during the machines’ operation 

was 5.1 dB lower in the first measurement than in the third measurement. The peak 

sound level C was lowest in the second measurement conducted at 13:15-13:30 and 

was 2.4 dB lower than the highest result obtained in the third measurements.  

The next stage of the study, following the noise measurement in the selected 

manufacturing enterprise, includes analysis and an occupational risk evaluation. 

Occupational risk determines the worker’s exposure to noise in the following 

categories: high, average, low. 

The noise risk evaluation was conducted by using the methodology based on the 

algorithm specified in PN-N-18002 “Occupational health & safety management 

systems. General guidelines for occupational risk evaluation”, which is presented in 

Figure 1. 

 
Figure 1. Algorithm for occupational risk evaluation for noise acc. to PN-N-18002 

“Occupational health & safety management systems. General guidelines for occupational risk 

evaluation" 

Source: (Romanowska- Słomka 2010; Uzarczyk 2006) 
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When analysing the noise measurement results in the studied enterprise in relation to 

the presented occupational risk evaluation algorithm for noise, it is possible to state 

that: 

– in case of high risk: LEX,8h = 75.8 dB, result Lz (measured value) < 85 dB- condition 

met; LAmax= 87.9 dB, result Lz < 115 dB - condition not met and LCpeak= 111.8, result 

Lz < 135 dB - condition not met. Therefore, the noise exposure risk is not high;  

– in case of average risk: LEX,8h = 75.8 dB, result 80 dB≤Lz < 85 dB- condition not met; 

LAmax= 87.9 dB, result 109 dB≤Lz< 115 dB - condition not met and LCpeak= 111.8, 

result 129 dB≤ Lz < 135 dB - condition not met. Therefore, the noise exposure risk 

is not average;  

– in case of low risk: LEX,8h = 75.8 dB, result Lz < 80 dB- condition met; LAmax= 87,9 

dB, result Lz< 109 dB - condition met and LCpeak= 111.8, result Lz < 129 dB - 

condition met. Therefore, the noise exposure risk is low. 

 

4. SUMMARY AND CONCLUSIONS 

When summarising the consideration on the noise level measurement and analysis in 

the studied manufacturing enterprise, it can be structured conclusions and 

recommendations for improving the company environment. 

Firstly, due to the specificity of the discipline in which the enterprise operates, the 

studied work environment features dangerous, harmful, and bothersome factors. 

Considering the conducted noise measurements, the factor is currently classified as 

bothersome. The measurements are conducted by the employer on a regular basis 

and there is currently no basis for classifying noise as a harmful factor. The obtained 

values are within the current maximum permissible intensity limits for the work 

environment. The noise exposure level during an 8-hour work time did not exceed the 

permissible value, i.e. 85 dB, in any of the measurements conducted, while the 

highest value amounts to 75.8 dB. The maximum sound level A, which reached the 

highest value of 87.9 dB in three subsequent measurements, is also within the current 

standard limits, i.e. it did not exceed 115 dB. The peak sound level C, measured at 

111.8 dB, is also below the limit value, i.e. 135 dB. The noise source at the studied 

workstation is emitted from the machines’ operation, i.e. it is a mechanical source, 

and the noise exposure is continuous. 

Secondly, when analysing the obtained noise levels in terms of noise-related 

occupational risk evaluation, it is assumed that the risk is currently low. Due to the 

above, it is an acceptable risk and there is no need to apply additional control 

mechanisms. Therefore, the employer should continue applying the existing 

precautionary and preventive measures, which include personal protection means, 

such as hearing protection, training on compliance with the safety work principles or 

breaks. 

Thirdly, considering that the company is planning to expand its infrastructure, 

including also the purchase of new manufacturing machines and increasing 

employment, noise may not only be a bothersome factor that is currently causing 

discomfort at work and reduced work performance, but also become a harmful factor. 

An increased number of manufacturing devices and workstations can also cause 

increased measurable noise values. In such case, they may not be within the current 

standard limits and may cause an increase in occupational risk. Such progress may 

warrant the necessity of applying new control mechanisms, including collective noise 

protection means. It is worth considering the following measures:  
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– labelling workstations at which the noise levels exceed the maximum permissible 

intensity with safety signs;  

– separation of safety zones with such stations; 

– grouping sound sources depending on the emitted sound’s acoustic pressure; 

– insulating and sound-proofing enclosures as well as other technical solutions.  

Due to the above, the conducted analyses will constitute a basis for further research 

in this regard. The next noise level measurements in the company are planned for 

November 2021. 

Even though the noise measurements are within the agreed standard limits and the 

occupational risk is acceptable, long-term exposure to this level of noise can cause 

deafness. At LAmax= 87.9 dB, the risk amounts from 5% to 14% in a period of 15 years. 

It can also cause a shift in the hearing threshold (increased threshold). A positive 

aspect is the fact that a worker at the studied workstation is not dealing with impulsive 

and intermittent noise which has more harmful effects on health, but with noise with 

continuous acoustic energy during observations (continuous noise). 

Finally, the studied enterprise did not feature any accident related to work 

environment factors within the last 10 years. The conducted study on the factors 

occurring in the work environment demonstrates that the employer makes every effort 

to best adapt other work environment factors to the nature of the work performed and 

make them comfortable for workers. This allows for minimising the risk of worker 

distraction and concentration loss at the workstation. 

The aim of this milestone research is fulfilled, and it can be taken as a basis for further 

research in this regard. In summation, this paper shall be taken to stand as a basic 

up-to-date study for further investigation of the noise level measurement and analysis 

discussed. 

 

REFERENCES  

Dąbrowski, M., 2002. Analiza techniczno-ekonomiczna możliwości ograniczenia 

hałasu na stanowiskach pracy [Technical and economic analysis of the noise 

reduction capacity at workstations], Koło Naukowe Zintegrowane Systemy 

Informatyczne [Integrated IT Systems Science Club], Silesian University of 

Technology. 

Engel, Z., 1980. Ochrona środowiska pracy przed drganiami i hałasem. Wybrane 

zagadnienia [Work environment protection against vibration and noise], 1, 744, 

AGH, Kraków. 

Fíla, O., Sellner, K., Vysloužilová, D., Klimecka-Tatar, D., 2020. Safety and 

Automatization of Machining Line, System Safety: Human - Technical Facility - 

Environment, 2(1), 268–274. DOI: 10.2478/czoto-2020-0033 

Frymus, J., Babicz, W., 2017. Hazards at the plastics injector machine’s operator 

station resulting from the injector machine’s design and process, Archiwum Wiedzy 

Inżynierskiej, 2(1), 48–50. 

https://especjalistabhp.pl/artykuly/news,202,klasyfikacja-czynnikow-zagrozen-

wystepujacych-w-srodowisku-pracy.html [12.10.2020] 

https://www.ciop.pl [02.10.2020] 

https://www.pip.gov.pl/pl/ [02.10.2020] 

https://www.sonopan.com.pl/wp-content/uploads/2019/04/SON-50-instrukcja-

obs%C5%82ugi-2010.08.27.pdf [02.11.2020] 

https://especjalistabhp.pl/artykuly/news,202,klasyfikacja-czynnikow-zagrozen-wystepujacych-w-srodowisku-pracy.html
https://especjalistabhp.pl/artykuly/news,202,klasyfikacja-czynnikow-zagrozen-wystepujacych-w-srodowisku-pracy.html
https://www.pip.gov.pl/pl/
https://www.sonopan.com.pl/wp-content/uploads/2019/04/SON-50-instrukcja-obs%C5%82ugi-2010.08.27.pdf
https://www.sonopan.com.pl/wp-content/uploads/2019/04/SON-50-instrukcja-obs%C5%82ugi-2010.08.27.pdf


SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   200 

 

 

Kielesińska, A., 2020. Safety of Imported Machines - Selected Issues in the Context 

of Polish (UE) Regulation, System Safety: Human - Technical Facility - 

Environment, 2(1), 174–182. DOI: 10.2478/czoto-2020-002 

Łukjaniuk, A., 2019. Pomiar poziomu hałasu emitowanego podczas pracy urządzeń 

mechanicznych [Measurement of noise emitted during mechanical devices’ 

operation], Białystok University of Technology, Białystok. 

Niciejewska, M., Kiriliuk, O., 2020. Occupational health and safety management in 

“small size” enterprises, with particular emphasis on hazards identification. 

Production Engineering Archives, 26(4), 195–201. DOI: 10.30657/pea.2020.26.34 

Niciejewska, M., Obrecht, M., 2020. Impact of Behavioral Safety (Behavioural-Based 

Safety – BBS) on the Modification of Dangerous Behaviors in Enterprises, System 

Safety: Human - Technical Facility - Environment, 2(1), 324–332. DOI: 

10.2478/czoto-2020-0040 

Nowak, P., 2007. Identyfikowanie czynników środowiska pracy [Work environment 

factors’ identification], Institute of Operational Technology, National Research 

Institute, Radom. 

Rączkowski, B., 2009. BHP w praktyce [OHS in practice], ODDK, Gdańsk. 

Regulation of the Minister of Economy and Labour of 5 August 2005 on occupational 

health and safety at work featuring exposure to noise or mechanical vibration. 

Regulation of the Minister of Family, Labour and Social Policy of 12 June 2018 on the 

maximum permissible concentration and intensity of factors harmful to health in the 

work environment. 

Romanowska-Słomka, I., Słomka, A., 2010. Zarządzanie ryzykiem zawodowym 

[Occupational risk management], Tarbonus, Kraków-Tarnobrzeg. 

Standard ISO 1999:1975. Acoustics - Assessment of occupational noise exposure for 

hearing conservation purposes. 

Standard PN-EN 60804:2002. Integrating-averaging sound level meters. 

Standard PN-EN 61252:2000. Electroacoustics. Requirements for individual noise 

exposure meters.  

Standard PN-N-01307:1994. Permissible sound level values at the workplace. 

Standard PN-N-18002. Occupational health & safety management system. General 

guidelines for occupational risk evaluation. 

Standard PN-Z-01338:2010. Acoustics – Measurement and evaluation of infrasonic 

noise at workstations. 

Uzarczyk, A., 2006. Ocena ryzyka zawodowego [Occupational risk evaluation], 

Ośrodek Doradztwa i Doskonalenia Kadr Sp. z o.o., Gdańsk. 

Uzarczyk, A., 2009. Czynniki szkodliwe i uciążliwe w środowisku pracy [Harmful and 

bothersome factors in the work environment], ODDK, Gdańsk. 

Woźny, A., 2020. Selected problems of managing work safety - case study, 

Production Engineering Archives, 26(3), 99–103. DOI: 10.30657/pea.2020.26.20 

 

 

 



 

 

 
 

 

 

DOES THE COVID-19 PANDEMIC AFFECT FOOD SAFETY 

TRAINING OF FOOD SECTOR EMPLOYEES? CASE STUDY 
 

 

Date of submission of the article to the Editor: 06/12/2020 

Date of acceptance of the article by the Editor: 30/03/2021 

 

 

Szymon T. Dziuba1 – orcid id: 0000-0002-6509-5843 

Anna Ulewicz2  
1 Wroclaw University of Economics, Poland  
2 Medical University of Silesia/Czestochowa University of Technology, Poland 

 

Abstract: Food health safety has always been an important element for consumers. 

Enterprises in the food sector want to meet customer expectations and the 

requirements set out in national and international legislation and implement a variety of 

tools, methods, or techniques in their organizations. Increasing health safety and even 

improving the quality of produced food is possible through properly planned training of 

employees. This training should be tailored to the capabilities and needs of both 

employees and the enterprise. Nowadays, with the era of the COVID -19 pandemic, 

training in food safety becomes of particular importance, as the production of safe food 

is a basic objective to be taken into account by all employees. Under these 

circumstances, it seems appropriate to carry out additional training in the prevention of 

the spread of COVID-19 in the context of the health safety of the produced food. The 

aim of the present paper is to examine the subjective assessment of food employees 

regarding the amount and quality of food safety training in the COVID-19 pandemic. 

The research is a pilot study conducted at the turn of December 2020. 

Keywords: food safety, training, COVID-19 

 

 

 

1. INTRODUCTION 

Whether a company succeeds depends to a large extent on its employees, their 

training, level of competence, and capability of creative thinking. It was P.F. Drucker 

(1964) who emphasized the importance of four classic management functions, 

especially personal development, noting that it should be given priority in every 

organization. Science points to the relationship between these problems and factors 

such as education, training, and staff development. According to Zbiegień-Maciąg 

(1996), employee development means improvement, i.e. promoting entrepreneurship, 

innovativeness, identification with the enterprise, or broadening intellectual horizons, 

but also the acquisition of values, culture, and a person’s own initiative. 

Stankiewicz-Mróz (2007) noted that an important tool for employee development is 

training, i.e. a planned process of learning, with its aim being to develop the 

competencies needed to perform both current tasks and those planned in the future. 
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Kopertyńska (1991) treats training as teaching employees (through their participation 

in various courses) the technical methods to perform activities at their workstations. 

Pocztowski (1998) formulated his views in a similar way by emphasizing that vocational 

training means any intentional and structured activities of the enterprise aimed at 

deepening or broadening individual elements of the work potential and at the 

development of new skills in employees as a response to the current and future needs 

of the enterprise. 

However, as emphasized by M. Juchnowicz and T. Rostowski (2002), the involvement 

of five entities (termed the training quintet) is necessary for the training to produce the 

expected results:  

 senior managers, preparing the organizational strategy, training strategy, and project 

budget,  

 line manager, who identifies training needs in the subordinate unit and participates 

in the evaluation of training results,  

 training manager, who reviews the training needs and chooses the institution or 

people to carry out the training and controls the training as a whole,  

 coach, who prepares and conducts the training program,  

 employees undergoing training: reporting development needs and evaluating 

training effectiveness.  

It is important to treat training as a process consisting of certain stages, from the 

identification of training needs to the improvement of training while taking into account 

the needs of employees and the organization. The concept presented by R.W. Griffin 

(2004) is schematically presented in Fig. 1. 

 

 
Fig. 1. Training process in the organization  

Source: (Griffin, 2004) 
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Each of the elements shown in Fig. 1 is extremely important. However, special attention 

should be paid to the choice of training methods. Okoń (2004) argues that training 

methods were systematized neither in teaching nor psychological sciences. However, 

this researcher proposed one of the easiest methods of dividing them by distinguishing 

between involuntary and intentional learning, and, using another division, learning in 

parts and as a whole. Furthermore, Piwowar-Sulej (2019) notes that there are many 

divisions of training methods, but the most basic division is into on-the-job and off-the-

job methods. These concepts were discussed in more detail by Sokół (2002), who 

emphasized that on-the-job training consists in transferring the necessary knowledge, 

developing skills and behaviors needed for specific jobs occupied by employees. This 

type of training allows for the acquisition of skills that the employee can use while 

performing their duties. This type of training is also called work-based training. The 

method is undoubtedly particularly useful for new employees. However, it is also used 

in the case of people already employed to retrain them or modify their job description if 

needed. Examples of such training include (Czerniachowicz, 2010; Dziuba and Ingaldi, 

2017): 

 vocational training, 

 assistantship, 

 replacement, 

 multilateral leadership, 

 instructions, 

 quality circle, 

 learning centre. 

With regard to off-the-job training (performed outside the workplace, in isolation from 

work), their essential feature is that the practical use of knowledge and contents is only 

made after a given training. Examples of such initiatives include (Czerniachowicz, 2010; 

Rosak-Szyrocka and Abbase, 2020; Kielesińska and Pristavka, 2019): 

 seminars,  

 lectures,  

 conferences, 

 case studies, 

 planning games, 

 role-playing, 

 simulations.  

When choosing a training method (on-the-job or off-the-job), it is important to remember 

to see both their advantages and disadvantages (see Fig. 2). 
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Fig. 2. Training process in the organization  

Source: (own study based on Czerniachowicz, 2010) 

 

The contents shown in Fig. 2 should certainly be taken into account in the food sector 

by the managers who make decisions on employee training in enterprises of the sector. 

This issue has already been emphasized by such authors as Acikel et al. (2008), Bolton 

et al. (2008), Capunzo et al. (2005), and Cenci-Goga et al. (2005), who argued that the 

participation of food sector employees in training contributes to the improvement of their 

qualifications, including personal hygiene. Staff training should be carried out according 

to a strict timetable. Furthermore, as stressed by Medeiros et al. (2011) their contents 

should include food quality, personal hygiene, the basics of microbiology, and the 

training itself should comply with international guidelines and standards used in the food 

industry. Each training should have a clearly specified purpose, program, and scope, 

and follow a specific scheme to assess its usefulness and effectiveness (Klimecka-

Tatar and Ingaldi, 2020). 

 

2. FOOD SAFETY TRAINING DURING THE COVID-19 PANDEMIC 

With the COVID-19 pandemic, the effective operation of the food supply chain is a 

fundamental objective for all parties involved, as it is essential to maintain both 

consumer trust and their confidence in the safety and availability of food (COVID-19 i 

bezpieczeństwo żywności – wytyczne dla przedsiębiorstw sektora spożywczego). 

According to the latest WHO reports (Coronavirus disease 2019 (COVID-19) Situation 

Report) and based on currently available evidence it can be concluded that COVID-19 

transmission occurs primarily during close contact with other people: the virus can be 
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transmitted directly from person to person if a person infected with COVID-19 coughs 

or sneezes and emits droplets that penetrate the nose, mouth or eyes of another 

person. Therefore, the transmission is possible via infection carriers, i.e. from human 

to human (Liu et al., 2020; World Health Organization. Report of the WHO- China Joint 

Mission on Coronavirus Disease 2019). However, it should be noted that COVID-19 

infection via food or its packaging is highly unlikely. To date, there is no scientific 

evidence to suggest that respiratory disease viruses, including COVID-19, are 

transmitted through food or food packaging. Researchers claim that coronaviruses 

cannot multiply in food. To do this, they need a host (an animal or a human). 

Nevertheless, attention should be paid to the results of the most recent research which 

evaluated the survival of COVID-19 on different surfaces. It was demonstrated that 

coronavirus can survive up to 72 hours on plastic or stainless steel surfaces, up to 4 

hours on copper and up to 24 hours on cardboard surfaces. However, it must be taken 

into account that these analyses were carried out under laboratory conditions (by 

controlling relative humidity and temperature) and therefore care should be taken to 

interpret these results in a real environment (van Doremalen et al., 2020; Kis et al., 

2020). In the context of the results of all these studies, it should be stressed that it is 

extremely important for the food industry to improve the personal hygiene regime, but 

also, perhaps most importantly, to carry out training courses that promote food hygiene 

rules in order to eliminate or reduce the risk of contamination of the food surface or its 

packaging with a virus transmitted by employees. Food safety management systems 

(FSMS) come to support these initiatives in the food industry, implemented according 

to the principles of Hazard Analysis and Critical Control Points (HACCP) to manage 

risks to food safety and prevent food contamination. These systems are implemented 

using prerequisite programmes that consist of good hygiene practices, cleaning, 

disinfection, delimitation of production zones, control of suppliers, storage, distribution 

and transport, staff hygiene and staff ability to work, and thus all the basic conditions 

and activities needed to maintain a hygienic food processing environment.  

In this context, the management of each food enterprise plays an extraordinary role. 

The most important tasks of the representatives of this level include (Szkiel, 2013): 

 identification of the necessary competences of staff whose activities have the 

greatest impact on food safety, 

 organization of training or taking other measures to ensure that staff has the 

necessary competences mentioned in the previous item, 

 ensuring that staff responsible for monitoring and corrective actions within the food 

safety management system is systematically trained, 

 emphasizing that staff is aware of the nature and importance of their individual 

actions in ensuring food safety, 

 care for effective communication, understood by all personnel whose actions have 

an effect on food safety,  

 ensuring adequate training records. 

The measures discussed must include, in particular, training of each worker who comes 

into direct contact with food at each stage of food processing, production, and marketing 

chains. Training in times of a pandemic should be treated in a special way: it should be 

properly planned and prepared, bearing in mind that, according to the principle of 

continuous development, the improvement must include not only new employees but 

also those already employed. It should also be remembered that training is a continuous 
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process, whereas formal instruction and management of this process significantly 

improves its effectiveness. If the training programme is well-thought-out and properly 

implemented, it will benefit both the organization and its employees and, above all, 

consumers (Ingaldi and Klimecka-Tatar, 2020; Baryshnikova et al., 2020). 

 

3. METHODS AND AIM OF THE STUDY  

As demonstrated by the studies presented in the previous part of this study, published 

by both Polish and foreign authors, the health safety of the produced food is a key 

factor. This is confirmed by the content of the current legislation, as it includes all the 

requirements and procedures necessary to ensure the proper quality of food and 

nutrition. According to the current law in force both in Poland and in the European 

Union, food that is dangerous to health even to the lowest level is not allowed for 

consumption. It should be remembered that taking care of quality and, above all, food 

safety requires careful control and, importantly, self-control of employees. Such actions 

are only effective if an appropriate training program in this area is developed and 

implemented. This means, first and foremost, the focus on ensuring adequate 

conditions for the production of food of the expected quality and an appropriate level of 

safety for the consumer. When planning the scope of topics learned during training, it 

is also important to take into account the aspect of constant awareness of specific risks 

and, if they occur, the rules of conduct.  

Currently, the COVID-19 pandemic is such a threat. Therefore, the combination of the 

pandemic with employee training concerning the safety of the food they produce is a 

very important topic that represents a research gap. The employee perspective 

provided by the assessment of training conducted during the pandemic by individual 

employees seems to be extremely important. The aim of the present paper was 

therefore to examine the subjective assessment of food employees regarding the 

number and quality of food safety training in the COVID-19 pandemic. The research is 

a pilot research and represents a case study. 

  

4. RESULTS 

The empirical research was carried out by means of a questionnaire interview using a 

five-stage Likert scale. The reason for this choice was to refer to the opinion by Kubik 

(2014), who argued that the questionnaires are designed to collect opinions and 

information on the effect of training on the work performed. The questionnaires can be 

used to collect feedback following the training, to collect data to assess the contents of 

the training programme, or to examine the effect of the training on the work in the 

enterprise. 

The survey was carried out at the turn of December 2020 among the employees of 

enterprises that produce food in the Lower Silesia Voivodeship. The survey was 

attended by 28 people from various industries. Catering activities were the most 

frequent (75%), followed by entities involved in the processing of fruit and vegetables 

and other foodstuffs (11% each), whereas 3% were representatives of the meat 

processing industry. The results are presented graphically in Fig. 3. 
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Fig. 3. Respondents by industry  

Source: own study 

 

Of the 28 people who filled out the questionnaire correctly, women were the most 

represented group (57.1%). Furthermore, taking into account the level of education of 

employees, it should be noted that the largest group were people with secondary 

education (67.9%), while in terms of age, the largest group were employees under 25 

years of age (85.7%). 

 

Table 1 

Characteristics of the social structure of respondents 

Sex Percentage [%] 

Woman 57.1 

Man 42.9 

Age (years) Percentage [%] 

Under 25 85.7 

25-29 10.7 

30-34 0 

35-39 3.6 

40-45 0 

Over 46 0 

Education Percentage [%] 

primary    0 

vocational 0 

secondary     67.9 

higher  32.1 

Job seniority (years) Percentage [%] 

Up to a year 53.6 

Over a year up to five years 46.4 

Over five years up to ten years 0 

Over ten years 0 

Source: own study 

 

Analysis of the data on job seniority presented in Tab. 1 reveals that an insignificant 

majority of people had worked in the enterprises for less than a year (53.6%). Other 

respondents worked from one year up to five years. It can therefore be assumed that 

employees with such job seniority should have extensive knowledge of the health and 

Meat 
processing

3%
Processing of 

fruit and 
vegetables

11%

Catering 
activities

75%

Processing of 
other foodstuffs

11%
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safety of food production. Nevertheless, in times of a pandemic, training in this field is 

much needed, if not essential, for all age groups, regardless of how long employees 

have been working in the enterprise. 

In the first place, the respondents were asked whether their enterprise provides 

employees with an increased level of knowledge about the safety of the produced food. 

The distribution of the answers is presented in Fig. 4. 

 

 
Fig. 4. Distribution of the respondents' answers to the question of ensuring that employees 

raise their level of knowledge about the safety of the food they produce  

Source: own study 

 

The data presented in Figure 4 show that only 14.3% of the employees are directed to 

special training in food safety, whereas 17.9% participate in training on this subject, but 

this is not a one-issue training. Interestingly, as indicated by 78.6% of the respondents, 

training in food safety is carried out using the on-the-job system by other trained 

employees in the enterprise. 

In the next question, the employees were asked what type of training was organized in 

their enterprise to train workers in the health safety of the food they produce. The 

answers collected are illustrated in the chart presented in Fig. 5. 

 

 
Fig. 5. Type of training organized in the enterprise to train employees in the health safety of 

the food they produce 

Source: own study 

0% 20% 40% 60% 80%

Yes, we provide dedicated training courses
conducted only for our enterprise's employees

(on-line or at our headquarters)

Yes, the enterprise directs employees to public
training

The enterprise's employees train each other
(senior employees pass on their knowledge to

the others)

It is the employee's duty to raise his or her own
knowledge at training courses

Couching
4%

Group 
exercises

19%

Lectures
65%

Workshops
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As results from the data presented in Fig. 5, in order to train employees in terms of 

taking care of the safety of the food they produce, lectures are most often organized 

(70%), followed by group exercises (16%), then workshops (11%), while coaching is 

the least frequent form of training in food safety. 

In view of the COVID-19 pandemic, the questionnaire asked the respondents to answer 

the question of whether training in the health safety of produced food taking into account 

the current epidemic situation was conducted in their enterprises, (either at the 

enterprise's headquarters or on-line). The answers are presented in Fig. 6. 

 

 
Fig. 6. Number of training courses (either in the enterprise’s headquarters or on-line) on the 

health safety of produced food after the COVID-19 pandemic was declared (March 2020)  

Source: own study 

 

As shown in Figure 6, the respondents indicated that as much as 46.4% of enterprises 

did not organize food safety training after the pandemic was declared. Only 28.6% of 

the enterprises organized additional special training concerning the pandemic in the 

context of health safety of produced food. Furthermore, 17.9% of the respondents 

stated that the training courses were held according to the schedule, at the same 

frequency as before the outbreak of the pandemic. It is worrying that despite the 

pandemic, training in this area was less frequent or much less frequent (3.6% each). 

The last issue raised in the survey was the staff assessment of the latest food safety 

training provided. The results based on the answers are presented in Fig. 7. 
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Fig. 7. Assessment of food safety training by employees 

Source: own study 

 

Analysis of the distribution of the answers presented in Fig. 7 reveals that in the opinion 

of the respondents, the training results in an increase in awareness of the need to follow 

procedures that increase the health safety of the produced food, increase the 

effectiveness of employees in solving related problems, their greater involvement in the 

health safety of the produced food, increase their competence and their development 

in terms of taking care of the health safety of the produced food. Undoubtedly, these 

training courses also translate into minimizing the likelihood of hazards. Furthermore, 

the research shows that, according to the employees, the training does not result in an 

increased awareness of customers' expectations in this area. 

 

5. CONCLUSIONS 

With an efficient food control system, the food industry, both Polish and global, is 

constantly subject to processes of evolution and improvement. This is a particularly 

important aspect during the current pandemic, as food should be free of any hazards. 
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In their elimination, training is of great importance. Staff training and improvement 

programmes should always be adapted to the circumstances in the enterprise. The 

managers in food enterprises should constantly verify that their training and 

development activities are delivering the results expected as this leads to the 

improvement in consumer safety. Nowadays, the pandemic has changed the reality of 

life in many areas, including food safety training. Particular care should be taken that 

food employees are prepared for the changes that will take place in enterprises during 

and after the COVID-19 pandemic. It is necessary to teach them how to act in different 

situations, especially when symptoms of the disease appear. It is necessary to develop 

procedures in situations where employees become ill. In the circumstances of a 

pandemic, managers should ensure that food safety standards are respected through, 

among other things, training, as only people who know what food safety and quality are 

can be aware of the importance of these factors and can be involved in their promotion 

in the enterprise. The new circumstances surrounding the COVID-19 virus mean that 

risks must be minimized. An integral part of the new reality should therefore be the 

training which will not only improve employees' skills and competencies but will also 

change their attitudes and awareness of food safety. Therefore, training objectives 

should result from both the company's strategy and the identified gap in the desired and 

existing competence profiles of individual employees in the area of food safety. Training 

should take into account different contexts, heterogeneous groups of participants, and 

their different skills, as the participants usually differ in terms of age, work experience, 

qualifications, education, or skills, as presented in the research described in the present 

paper. 
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Abstract: The profession of a seller (especially in small grocery stores) does not 

enjoy a social respect. The reasons for this are, above all, low requirements, low 

salary and difficult working conditions. In addition, too little attention is paid in the 

literature to this profession from the point of view of safety and hazards at work. 

However, the problem of working conditions in the position of a salesman is an 

important issue concerning a very large number of people. The paper deals with this 

difficult topic by describing selected methods of ergonomic analysis and using them to 

assess occupational risk at the seller's workplace. In the paper, the results of the 

Ergonomic Checkpoint List, as well as the results of questionnaire surveys are 

presented. All the results are related to the possibility of proper identification and the 

probability of hazards occurrence in the position of a seller. 

Keywords: occupational risk, musculoskeletal load, risk assessment methods, work 

safety, Ergonomic Checkpoint List 

 

 

 

1. INTRODUCTION 

The problem of working conditions as a salesman is an important issue that concerns 

a very large number of people. According to the report by PNB and Delotte, 

commercial companies create a very large number of jobs - e.g. in Poland, almost 2 

million jobs. A further 1.6 million people are employed in the trade-related sectors. It 

accounts for over a quarter of the total workforce, a large part of which is employment 

in small and large grocery stores – in Poland about 184 thousand people. According 

to Eurostat data (Eurostat Report, 2020), with a comparable number of retail stores in 

France, there are 600,000 more people working, and more than twice as many in the 

UK. It is caused precisely by low wages and high mental and physical burdens 

(Report, 2020; Sas, 2020). 

The purpose of the paper is to characterize the risks present in the sales desk and to 

perform an ergonomic assessment using the Ergonomic Checkpoints List. The paper 

also includes the results of surveys conducted among people employed as salesmen 

in a grocery store. 
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1.1. Legal regulations concerning occupational risk 

Occupational risk assessment at the workplace is the responsibility of every employer 

under the provisions of the Labor Code and the Regulation of the Minister of Labor 

and Social Policy on general health and safety at work regulations of September 26, 

1997 Regulation of the Minister of Labor and Social Policy of September 26, 1997 on 

general occupational health and safety regulations supported by international 

standards (Holubova, 2016; Rozporządzenie Ministra Pracy i Polityki Socjalnej, 1997). 

The provisions of the Labor Code impose an obligation on the employer to inform 

employees about the level of occupational risk, sources of danger, effects and 

protective methods. This provision obliges the employer to make and document the 

occupational risk and take the necessary preventive measures to eliminate or reduce 

the indicated risk to the so-called acceptable risk. Each workplace should be 

assessed, and in order to remove the risk and ensure safety, it is necessary to take all 

measures of collective and individual protection. The act obliges the employer to 

specify in the work regulations the rules regarding occupational health and safety, 

including fire protection. Each employee should also be informed about the 

occupational risk related to the work performed (Siaja et al., 2017). According to Art. 

222 § 2, the employer must keep a register of work involving the risk of harmful 

biological agents. 

The measures taken in the field of health and safety should be the result of 

cooperation between the employer and employees. Workers or their representatives 

should inform the employer of any possible risk in the area of specific workplaces. On 

the other hand, the employer should agree with them or their representatives on 

taking actions in the field of occupational health and safety. 

The provisions of the Labor Code are confirmed in the Regulation of the Minister of 

Labor and Social Policy on general health and safety regulations. Also in this act, 

occupational risk is defined as undesirable events occurring in the work environment 

that may cause health problems for employees. The work environment is understood 

as the environment of performing professional duties, which is conditioned by 

physical, chemical and biological factors (Niciejewska and Kiriliuk, 2020; Weier, 

2020). However, the threat is a violation of the proper environmental conditions - 

workplace, which may cause an accident or disease. 

According to Art. 227 of the Regulation, the employer is obliged to prepare an 

appropriate work environment and safe work stations, properly equipped, protecting 

employees against possible threats and the effects of factors harmful to health, 

causing occupational diseases, such as other diseases caused by working conditions. 

Occupational risk assessment should be carried out at all workplaces and for all 

occupational hazards, however, the legislator provides for separate requirements for 

certain groups of factors. Detailed regulations on occupational risk assessment for 

chemical and biological agents, noise and mechanical vibrations as well as manual 

transport work have been included in numerous regulations. 

Pursuant to the indicated legal acts, the employer is obliged to take appropriate 

preventive measures to eliminate or reduce the probability of the occurrence of 

hazards in the position. The basic activity is therefore occupational risk assessment, 

which allows to adjust working conditions by implementing new technical solutions 

replacing outdated working methods. Each employee must also be informed about the 

changes introduced and trained in occupational health and safety. The above-

mentioned legal acts were introduced on the basis of the provisions of the Framework 
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Directive (Gorde and Borade, 2019; Directive 89/391/EEC, 1989). In line with the 

above mentioned regulations and according to the literature (Holubova, 2016) two 

basic stages can be distinguished in the occupational risk assessment procedure 

(Górska, 2016): 

̵ the process of analysing occupational risk, which consists of activities consisting in 

collecting information, identifying threats and estimating threats, consisting in 

assessing the probability of occurrence of threats and their potential effects, 

̵ determination of admissibility of occupational risk. 

 

1.2. Legal regulations concerning occupational risk 

Classification of the occupational risk assessment methods at the workplace concerns 

hazards: physical (related to mechanical factors, noise, vibrations, cold and hot 

microclimate, lighting, etc.), chemical, biological and psychophysical (Niciejewska 

and Kiriliuk, 2020). Additionally, the methods of assessing physical and mental stress 

as well as methods of assessing the risk of musculoskeletal ailments are known 

(Niciejewska and Klimecka-Tatar, 2018; Pinupong et al., 2020). The methods used by 

employers include: method according to PN-N-18 002: 2011 standard, Risk Score, 

PHA, risk graphs. And other methods used less frequently: Risk Assessment Code 

(RAC), What If, Hazard and Operability Studies (HAZOP), Failure Modes and Effects 

Analysis (FMEA), FTA- Fault Tree Analysis, Event Tree Analysis (ETA), Cause and 

Consequence Analysis (CCA), HRA Human Reliability Analysis and many more. All 

the above-mentioned methods can be divided into deductive (in other words "general 

to detail" method) and inductive methods (detail to general method). 

In the literature on the subject, there is also a division into quantitative and qualitative 

methods. Quantitative methods analyse the number of data on the frequency and type 

of accidents at work, hazardous events, occupational diseases, time of exposure to 

risk factors, etc. However, qualitative methods rely on adjusting the risk to a 

contractual characterizing value - called risk valuation. These methods are widely 

described in the literature, also with the specification of the various workplaces and 

the various risk factors  (Knardahl et al., 2017; Pinupong et al., 2020; Tabor, 2018). 

 

1.3. Methods of assessing physical and mental load 

The literature describes methods that are mainly devoted to the physical and mental 

load (Harvey et al., 2017; Hulshof et al., 2019; Jasik-Ślęzak and Baryshnikova, 2020; 

Pałęga et al., 2019; Pinupong et al., 2020). It is a method of assessing energy 

expenditure based on the research of Lehmann and his students (Spitzer and 

Hettinger) from the Max Planck Institute in Dortmund, called the Lehmann method. It 

is a tabular-chronometric method, where the energy expenditure is calculated on the 

basis of a thorough analysis of all activities performed during 8 hours of work, 

determining their duration and assigning them energy standards taken from tables 

specially developed for this purpose. The risk of musculoskeletal disorders that can 

be assessed by the following methods (Gorde and Borade, 2019; Gómez-Galán et al., 

2020; Kirci et al., 2020; Pałęga et al., 2019; Woźny, 2020): Rapid Entire Body 

Assesment (REBA), Rapid Upper Limb Assessment (RULA), Ovako Working Posture 

Analysing System (OWAS), Risk Mapping Method, Occupational Repetitive Action 

Index (OCRA), Job Strain Index (JSI), LMM of key indicators, NOSCH, Key Item 

Method (KIM), Manual Handling Assessment Charts (MAC), Ergonomic Hazard 

Identification Checklist. 
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2. RESEARCH METHODS 

The position of the seller may differ to a large extent from the point of view of the 

place of work, and so it can be distinguished a seller in retail trade (in a small or large 

grocery store) and a seller in wholesale trade (in large warehouses and trade 

sectors). A seller in retail trade may work in a large or small store, can also be the 

owner, hire employees or perform all the above-mentioned activities independently. A 

seller in wholesale trade is responsible for preparing and executing a wholesale order 

for goods in a warehouse or warehouse. Such a seller is an intermediary (connection) 

between the producer and the final buyer of the goods. The sellers, apart from 

general activities related to the work performed (sale of goods), are also responsible 

for contact with the customer, negotiations, financial, technical and consulting 

services. In addition, it is required that an employee in the position of a salesman has 

the ability to use technical devices (even computer systems, cash registers, cutting 

and transport tools) (Baryshnikova et al., 2020). Additionally, they should have a very 

broad knowledge of chemical and biological factors affecting the offered products (this 

applies in particular to the seller in the grocery store) (Bhullar et al., 2020; Kapustka et 

al., 2020; McElroy et al., 2020; Pigatto et al., 2020). 

Two types of research methods are presented in this paper. The first is the Ergonomic 

Checkpoint List and the second is the survey method (Ahmadi et al., 2017). Both 

research, the Ergonomic Checkpoint List and the questionnaire research, were 

conducted in relation to research on occupational safety and hazards in the work of a 

grocer seller (with emphasis on work in small enterprises). 

The Ergonomic Checkpoint List is a method that was created as a result of efforts to 

reduce the number of accidents and occupational diseases. The following 

suggestions can be used to implement corrective actions: 

̵ develop solutions for the modernization of workplaces with the active 

involvement of employees and their superiors, 

̵ plan and implement improvements as a team, 

̵ use the knowledge and experience of the local work environment, 

̵ use a variety of activities, 

̵ apply the principle of continuous improvement. 

Among the most important benefits of using the Ergonomic Checkpoint List is that it 

brings very quick and measurable results. Improvement of working conditions and 

safety results in a reduction of accidents at work, a reduced number of occupational 

diseases, and a smaller number of serious industrial accidents. 

 

3. RESULTS AND DISCUSSION 

Table 1 presents the Ergonomic Checkpoint List prepared on the basis of information 

from enterprises and observation of the work of employees on a position of seller in a 

grocery store - a small grocery store. 
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Table 1 

The Ergonomic Checkpoint List on a position of seller in a grocery store 

 

No. 

 

CONTROL POINT 

 

 

Yes 

 

No 

 

Priority 

 

n/a 

I. STORAGE 

1. Clean and mark communication routes  x   

2. Keep communication routes wide enough to allow two-way 

transportation 

x    

3. Keep the communication routes clean. Make sure they 

have an even and non-slippery surface - free from 

obstacles 

   x 

4. Provide low slope ramps replacing steps or thresholds  x   

5. Plan the working layout to minimize the transport of 

production materials 

   x 

6. When moving materials / goods, use manual or mechanical 

transport carts 

 x   

7. Use mobile storage racks to avoid unnecessary loading and 

unloading 

  x  

8. Use multi-level shelves and racks close to the workplace to 

minimize manual transport 

  x  

9. Use mechanical devices for lifting, lowering and moving 

heavy materials/products 

 x   

10. Reduce manual products transport using various 

mechanical means of transport (conveyors, lifts, 

transporters) 

   x 

11. Divide heavy loads into lighter packages, containers for 

easier transport 

   x 

12. Use the appropriate handles for carrying the containers and 

transport boxes 

x    

13. Moving heavy elements should take place at the same 

working height  

x    

14. Eliminate tasks that require body bending and turning 

during transport 

x    

15. When handling products by hand, their should be kept 

close to the body 

  x  

16. Alternate between physically heavy and lighter work to 

reduce  

  x  

17. Provide a convenient location for waste x    

II. HAND TOOLS 

18. When choosing tools, be guided by their specialized use   x  

19. Provide safe electrical tools and make sure they are 

properly secured 

  x  

20. If possible, use hanging tools for repetitive operations at the 

workplace 

x    

21. Use vices and clamps to hold materials or workpieces    x 

22. Provide support to the elbows when using precision tools    x 

23. Minimize the weight of tools (except for specialized tools)    x 

24. Provide hand tools with correct handles for easy handling  x   

25. Provide hand tools with a firm, non-slippery grip to prevent 

accidental hand injuries or release from hand 

x    
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26. Provide properly insulated tools to resist burns or electric 

shock 

x    

27. Minimize the effects of vibration and noise emitted by 

electric hand tools 

x    

28. Provide permanent (designated) storage for tools x    

29. Regularly check the technical condition of the tools and 

maintain them frequently 

  x  

30. Train employees before allowing them to use electric tools   x  

31. When working with power tools, provide employees with 

sufficient space for a stable working position 

x    

III. SAFETY IN MACHINE OPERATION 

32. Design machine controls to prevent accidental starting or 

shutting down of the machine 

x    

33. Add clearly visible and easy-to-use emergency controls (in 

the operator's natural position) 

   x 

34. Mark clear controls of machines and equipment, so that it 

can be easily distinguished to avoid operating error 

   x 

35. Make sure the operator has clear visual and manual access 

to all controls 

   x 

36. Where it is essential to follow the sequence of machine 

controls, provide clear operating instructions 

   x 

37. Use best practices when designing control devices    x 

38 To facilitate operation limit the number of control pedals, 

and adjust them for easy use 

   x 

39. Use displays and controls that are easy to distinguish and 

read 

   x 

40. Use appropriate signs and colours on displays (unified) x    

41. Use symbols only when they are understood by everyone x    

42. Add labels and signs only in visible places (understandable 

and legible) 

x    

43. Use warning signs against risks with a clearly defined level 

of risk 

  x  

44. Use the tools and handles to operate machinery in a stable, 

safe and effective manner 

x    

45. Purchase machines that meet the safety criteria x    

46. Use appropriate barriers to prevent worker hands from 

getting into hazardous parts 

x    

47. Use covers or barriers that prevent contact with the moving 

parts of the machine 

   x 

48. Use interlocks to prevent workers from reaching dangerous 

places while the machine is in operation 

x    

49. Establish safe procedures for driving forklifts and proper 

training for employees 

   x 

50. Provide regular inspection, cleaning and maintenance of 

machines (and power cables) 

  x  

VI. DESIGN OF A WORKPLACE 

51. Provide working height adjustment for each station (working 

height at elbow height or slightly lower) 

x    

52. Make sure your work area is comfortable for shorter 

workers 

x    

53. Make sure the work area is comfortable for taller workers x    
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54. Place the most-used tools, gauges, and materials within 

easy reach 

x    

55. Provide a stable, multi-functional work surface at every 

workplace 

x    

56. Make sure that employees work in a stable position (evenly 

distributed body weight) at an appropriate distance from the 

body 

  x  

57. Organize work so that employees change positions from 

sitting to standing as often as possible 

x    

58. Provide employees working in a standing position to use 

chairs for temporary rest 

x    

59. Provide employees working in a seated position adjustable 

chairs with backrest 

   x 

60. Provide a sufficient height of the computer station with good 

reach to peripheral devices 

x    

61.  Provide regular eye examinations and glasses for 

employees working at the monitor 

x    

62 Provide a solid and stable base and sufficiently safe 

conditions for working at height 

x    

63. Increase the safety and comfort of driving in the cabs of 

vehicles used at the workplace 

   x 

V. WORKPLACE LIGHTING 

64. Increase the use of daylight x    

65. Use light colours for walls and ceilings to improve comfort x    

66. Provide sufficient lighting in all rooms where work is carried 

out (office, warehouse, staircase, etc.) 

x    

67. Apply uniform lighting to the workstation to minimize 

changes in brightness 

  x  

68. Provide sufficient lighting for employees to work efficiently 

and comfortably 

  x  

69. Use local lighting for precision and control work x    

70. Adjust the lighting position to eliminate direct or indirect 

glare 

x    

71. Customize the appropriate screens for positions with focus 

and continued attention requirement 

  x  

72. Take care of the maintenance of light sources and clean 

windows 

x    

VI. WORK SPACE 

73. Provide the worker with adequate protection against high 

temperatures 

x    

74. Provide the worker with adequate protection against low 

temperatures 

x    

75. Insulate sources of heat or cold in production processes x    

76. Use effective local ventilators that ensure safe operation   x  

77. Increase the use of natural ventilation (airing) x    

78. Use air conditioning (if indoors) for the comfort and health 

of employees 

x    

79. Ensure good air quality in the room by proper operation of 

the ventilation systems 

  x  

80. Keep the workplace in a proper order to increase the 

efficiency and comfort of employees 

x    
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81. Provide a sufficient number of fire extinguishers in marked 

places, provide training in use 

x    

82. Follow the principles of recycling to better use resources 

and protect the environment 

x    

83. Mark escape routes and keep them clean x    

84. Develop and update an evacuation plan to ensure a safe 

and quick evacuation 

  x  

VII. HAZARDOUS FACTORS 

85. Isolate or mute noisy machines or loud machine parts  x   

86. Maintain tools and machinery properly to minimize noise 

from wear 

 x   

87. Make sure that the noise does not interfere with verbal 

communication and receiving sound signals (e.g. warning 

signals) 

x    

88. Reduces vibrations affecting employees  x   

89. Purchase portable lighting equipment that is well insulated 

to protect against electric shock and heat injury 

 x   

90. Take care of the safety of the electrical installation x    

91. Properly label containers with hazardous substances    x  

92. Use personal protective equipment  x   

93. Define enclosed spaces requiring entry permits, make them 

available only to trained workers 

x    

94. Use protective processes against biological hazards, isolate 

potential contaminated areas 

 x   

95. Provide sanitary facilities, take care of hygiene and 

cleanliness 

x    

96. Prepare hygienic and clean rooms for eating and drinking x    

97. Provide rest rooms during breaks x    

98. Provide access to sanitary aid x    

99. Provide facilities for meetings and training x    

100. Clearly and legibly mark areas where application of 

personal protective equipment (PPE) is required 

   x 

101. Provide employees with personal protective equipment - 

only those that provide protection 

 x   

102. Provide employees with training on how to use personal 

protective equipment 

x    

103. Monitor the use of personal protective equipment - where 

necessary 

  x  

104. Make sure that PPE are properly maintained and stored  x   

105. Provide a suitable place for cleaning and storage of 

protective equipment 

 x   

VIII. WORK ORGANIZATION 

106. Consult work organization problems daily - involve all 

employees  

  x  

107. Consult with employees when preparing a work plan x    

108. Involve employees in designing workplace improvements x    

109. Consult with employees on changes in work organization 

and changes aimed at work safety improvement 

  x  

110. Inform employees how they should do their job, reward 

them for correct performance 

  x  

111. Organize employee training in order to increase employee  x   
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responsibility for the effects of their work in the overall 

activity 

112. Plan training courses for your employees on safe and more 

efficient work 

 x   

113. Provide training for employees using computer systems x    

114. Provide easy communication and mutual support x    

115. Assign tasks according to employee qualifications x    

116. Create working groups for teamwork and shared 

responsibility 

 x   

117. Use the ideas of managers and employees to solve 

organizational problems 

x    

118. Modify employee tasks to make them more varied and 

interesting 

x    

119. Organize material flow between stations to avoid downtime x    

120. Schedule a time to the workplace cleaning x    

121. Plan numerous short breaks for computer workstations 

workers 

x    

122. Provide favourable conditions for employees' physical 

activity (before, during or after work) 

x    

123. Involve employees to look for work improvements x    

124. Support migrant workers, provide them with training and 

assistance 

x    

125. Provide young workers with support from older workers x    

126. Prepare areas, offices for the needs of disabled workers x    

127. Take care of the safety of pregnant women and nursing 

mothers 

  x  

128. Take care of the safety of older workers x    

129. Adapt workplaces to the preferences of employees' cultural 

differences 

x    

130. Involve managers and employees to implement 

improvements aimed at reducing occupational risk 

  x  

131. Develop contingency procedures to ensure proper 

operation in an emergency 

  x  

132. Apply ways to improve your workplace by using the 

experience of others 

x    

Source: own study based on (Górska, 2016; Helali, 2009)   

 

On the basis of the data presented in Table 1 of the Ergonomic Checkpoint List, it can 

be noticed that the actual position of a salesman in a grocery store is associated with 

exposure of health to numerous occupational risk factors. Through commonly known 

physical, mechanical, through biological and chemical factors, not forgetting, of 

course, psycho-social factors. These factors cause numerous threats during the 

performance of professional activities. In order to characterize the risks, a short 

(general) survey was carried out in order to identify the most common causes of 

accidents and hazardous events in the seller's workplace. 

The survey on the risks associated with working as a salesman (warehouse) was 

conducted in December 2019 in grocery stores of a well-known brand. According to 

the research, all employees are women of various age groups (mainly between 30 

and 45), with primary or secondary education. The questionnaire contained questions 
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about working conditions and related ailments. For the sake of clarity of data 

presentation, only the most important results are discussed. 

The first question concerned work-related pain in the employees. The respondents 

had a choice of four answers: back pain, neck pain, pain in hands and leg pain. The 

distribution of answers is presented in Fig. 1. 

 

 
Fig. 1. Distribution of answers to the question: What ailments do you experience during work? 

Source: own study 

 

As it is shown in Fig. 1, most employees experience various types of pain during their 

work and the most common type of ailment is pain in the arms and legs (94.7%). 

The next question was related to the use of devices that facilitate work when moving 

goods (Fig. 2). The respondents mostly answered that there was no possibility of 

applying such facilities (apart from the transfer of goods from the supplier to the 

warehouse). And only in one of the stores the sellers had access to a hand truck. 

Excessive load on the musculoskeletal system is the most common risk in the 

workplace. Despite the increasingly frequent introduction of mechanization and 

automation of processes, it is not possible to completely eliminate them. This applies 

in particular to such branches of the economy as service activities, construction and 

retail trade. The lack of appropriate devices enabling the reduction of burdens is the 

more visible the smaller the economic entity. 
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Fig.2. Distribution of answers to the question: Are there any means of transport in the store 

that facilitate work? 

Source: own study 

 

Another question was: what elements of the workplace do not meet the requirements? 

The respondents had the following answers to choose from: insufficient lighting, no 

suitable seat, too small work space, tight aisles between shelves. The distribution of 

answers to this question is presented in Figure 3. As it can be seen, the biggest 

problem is the lack of a suitable seat (often it is completely absent - work is done in a 

standing position), and the smallest problem is insufficient lighting. 

 

 
Fig. 3. Distribution of answers to the question: what elements of the workplace do not meet the 

requirements? 

Source: own study 

 

The last of the analysed questions concerned psychosocial risks and was: what types 

of psychosocial risks are present at your workplace? The respondents could choose 

from the following answers: excess of duties, stress related to aggressive clients, 

monotony of work. The distribution of answers to this question is shown in Figure 4. 
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Fig. 4. Distribution of answers to the question: what psychosocial risks are present at your 

workplace? 

Source: own study 

 

3. SUMMARY 

Due to the very high load on the musculoskeletal system, work in a small grocery 

store is reluctantly undertaken. Although the position variability during work is 

ensured, a very high load on the legs (working in a standing position) and hands 

(manual transfer of goods) is one of the factors causing numerous diseases and pain. 

Both when analysing the responses in the Ergonomic Checkpoint List and analysing 

the responses during the survey, it is easy to observe that it is pain in the extremities 

that are the most frequently indicated ailments. 

Additionally, as shown by the presented research results, employers should 

demonstrate much greater care for safety factors in the work environment. Among the 

factors indicated as safety measures, it is often observed that the conditions of the 

working environment do not match the requirements, i.e. there is often no suitable 

seat for rest, the working space is too small, and the aisles between shelves do not 

ensure the safety of employees (and customers) both during work (shopping) and in 

emergency situations. Therefore, it is recommended to improve the working 

conditions of the seller in small grocery stores based on the presented Ergonomic 

Checkpoint List. 
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Abstract: The outbreak of the SARS-CoV-2 coronavirus pandemic has resulted in 

significant changes in employers' attitudes to employee health safety, as a new rapidly 

spreading threat has emerged. A characteristic feature of this threat is very little 

knowledge about it and the lack of effective treatments and prevention procedures. The 

short time since the outbreak of the pandemic also means that there is very little 

knowledge about how employers try to protect employees from infection with this virus, 

as well as how effective these actions are and how employees evaluate them. 

Therefore, among couriers of UPS companies in Poland and Germany a survey of the 

satisfaction was undertaken regarding the solutions adopted and implemented by 

managers in the field of shaping the health safety of employees. The survey uses the 

modified Customer Satisfaction Index - CSI method, for which employees were treated 

as internal customers. As a result of the research, it was possible to compare employee 

satisfaction with the solutions used by managers to protect their health in Poland and 

Germany, and shape conclusions resulting from this study. 

Keywords: pandemic SARS-CoV-2 (COVID-19), modified CSI method, couriers, 

Poland, Germany 

 

 

 

1. INTRODUCTION 

The courier industry is one of the fastest developed in latest years in whole Europe.  

It is also one of few which in 2020 did not suffer losses as a consequence of market 

change situation effected by pandemic SARS-CoV-2 and lockdown or significant 

traditional trade reduction caused by it. Even more the participation in market highly 

increased. There has also been a significant increase in the demand for employees, 

including couriers, who at the time of the closure of other areas of the economy, work 

as they would normally do in the courier industry at around Christmas (Gruenwald, 

2020)). It is observed that the increasing demand of courier service is connected with 

individuals, the deliveries to the flats and houses as individual services as result the 

necessity of contact with large number of people. In turn, the demand of commerce 

service is decreasing  due to closure of many industries and companies (Baryshnikova, 

et al. 2021; Ingaldi and Ulewicz, 2019; Wood, 2020). As a result, despite the couriers 

more effective work, the companies’ profits have not increased or even decreased in 
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first quarters of pandemic. This was due not only to a decrease in the number of 

commercial services, but also an increase in costs caused by additional sanitary 

restrictions (FedEx…, 2020). It could therefore be assumed  that increased  volume of 

work and time consuming connected with it, the salaries and other elements of couriers’ 

work  motivation  have not changed. Whereas the risk of the work performance and 

generated infection of coronavirus has increased. Apparently, the work which has been 

looked the same is totally different. Especially, as a part of struggling with pandemic, 

the companies have been obligated to launched  several restrictions and limitations 

(COVID-19…, 2020; Duszyński et al., 2020) which generates adverse change in 

couriers’ work conditions. It influenced on their attitude to the occupation and work 

satisfaction level which might be determined by other factors than before the pandemic. 

It seems to be significant the statement, that launched in companies restrictions 

minimalize the infection of COVID-19 and influence on work satisfaction. This is 

because, the lack of satisfaction from the implemented rules could be not obey, and at 

the same increase the epidemic risk. 

Described above the couriers’ industry and also the couriers’ work changes present that 

current knowledge about the work condition and satisfaction of those ones is partially 

not up to date. In one hand, the new conditions of service causes with pandemic and 

necessity of protection the couriers from the infection of COVID-19, in the other hand, 

the obstacles with work performance fully determine taking the issue of empirical 

research, what did the author of this article. 

 

2. METHODOLOGY OF RESEARCH 

The method on which the research of couriers’ opinion gathered was the modified 

Customer Satisfaction Index-CSI which is used mainly in quality service research and 

also it is a source of knowledge in marketing strategy creation (Woźniak and Zimoń, 

2013). It should be noted that the application of this method to employees was based 

on the assumption that they are internal customers of the company (Huang, 2020), so 

it is possible to examine them using the same methods as for external customers 

carried out as part of marketing research. 

For the research it was used the questionnaire, which the analysis was based on the 

weighted evaluation. The result was consisted of the assessment of the respondents 

using the groups of factors and the weights assigned to them (Woźniak, 2017). By the 

questionnaire was evaluated the satisfaction from the implemented rules which prevent 

the infection of coronavirus, which factors were determined in the list of control 

questions regarding the safety and health protection of people who worked during the 

pandemic of Covid-19 were based on OSHA-EU regulations (Bezpieczeństwo…, 

2020). In the research was gathered the opinion regarding the safety area, which 

determines the list: the prevent action planning of Covid-10 infection, the distance area 

assurance, required direct contact work performance, obey the workplace hygiene 

rules, the personal protection measures and working clothing assurance, limitation of 

mental strain caused by pandemic and communicating in connection with it and also 

the procedures in case of the infection of SARS-COV-2 . 

The responders (couriers) – 167 who work in Polish departments of UPS and 83 in 

German - assessed the level of satisfaction and each factor of research area in grade 

of 1 to 5 (Likert’s grade) (Turkyilmaz et al., 2013; Minata and Cempiel, 2017), where 

the satisfaction was determined: 1 - very dissatisfied, 2 - rather dissatisfied, 3 - neutral, 

4 - rather satisfied, 5 - very satisfied. Whereas the determination of significance (rank) 
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of each factor for the responders: 1 - not important, 2 - lack of importance, 3 - neutral, 

4 - important, 5 - very important. 

The grade was used with the questionnaire and counting determination of the 

satisfaction level. The substantive questions regarding the satisfaction was 

complemented by metrics, thanks to them it was possible to characterise and compare 

of  both trials. It should be noted, that selection of the responders was random, and the 

trial was uncommon thus the research results are not representative. 

 

3. RESULTS 

Prepared for the article’s needs the research was determined via Intranet in 12 

departments of UPS in Poland and 5 in Germany in period from: 1.12-10.12.2020. The 

correct and completed questionnaires were filled by 167 Polish and 83 Germans 

couriers. Based on their matric data the demographic characteristic was provided  

- Table 1. However, their evaluation of satisfaction and significance of the implemented 

by the management solution to protect them from Covid-19, helps to analyse that 

significance and compare the results for Polish and German couriers- table 2 and 3. 

 

Table 1  

Demographic characteristics of the respondents 

nationality 

 

feature 

PL GER 

number of 

indications 
% 

number of 

indications 
% 

sex 
woman 4 2.4 0 0 

man 163 97.6 83 100 

Σ 167 100 83 100 

age 

do 20 years 3 1.8 8 9.6 

21-30 years 67 40.1 69 83.1 

31-40 years 72 43.1 6 7.3 

41-50 years 22 13.2 0 0 

51-60 years 3 1.8 0 0 

≥61 years 0 0 0 0 

Σ 167 100 83 100 

x̅ 30.6 - 24.9 - 

education 

professional 3 1.8 30 36.1 

medium 75 44.9 52 62.7 

higher I° 58 34.7 1 1.2 

higher II° 31 18.6 0 0 

Σ 167 100 83 100 

seniority 

in 

company 

1-2 years 40 23.9 7 8.4 

3-5 years 92 55.1 71 85.6 

6-10 years 25 15 3 3.6 

11-15 years 6 3.6 1 1.2 

16-20 years 4 2.4 1 1.2 

≥20 years 0 0 0 0 

Σ 167 100 83 100 

x̅ 3.7 - 4 - 

number of 

jobs 

1 59 35.3 81 97.6 

2-3 72 43.1 2 2.4 

4-5 26 - 0 0 
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≥6 10 - 0 0 

Σ 167 100 83 100 

x̅ 2.5 - 1  

Source: own study based on a questionnaire survey 

 

Comparing the responders’ demographic  characteristics, we can assume that in a trial 

dominating group were men, only among Polish couriers were few women- 2,4%. Next 

characteristic which might describe the responders is their age. Both groups were 

dominated by proportionally young people. The average age of Polish couriers was 

30,6 years old and Germans even lower- 24, 9 years old. There were hardly any person 

above 50 years old, only in Polish group 3 people exceeded this age limit. 

The significant differences were visible in the educational level of the responders, in 

Polish group majority people have a higher education level 1st or 2nd degree (B.A. or 

M.A. degree), while the largest group of German responders have secondary 

education. 

Analogously to the age, the work experience in company was relatively short, for Polish 

responders was 3,7 years and for Germans was slightly more, 4years. It should be 

noted that both groups are dominated by people with relatively short work experience 

in the company, only 4 Polish responders and 1 German indicated the time of work in 

the company exceeding 15 years.   

Due to the fact that statistical Polish responder studied a several years longer, the 

difference between the work experience is obviously. It should also be noted that the 

slightly longer seniority in the company may also be due to the fact that Polish couriers 

changed jobs in contrast to German couriers. For more than 97% of them UPS was 

their first job, while a statistical Poles had already changed their job 2.5 times. 

To summarize, a typical survey participant was a young, male, in case of German with 

secondary education and about 4 years seniority in UPS, while Pole was most likely to 

have a higher education, had a little over 3.5 years seniority in UPS, and the company 

was the second or third workplace. 

A comparison of satisfaction with a workplace health and safety management in 

connection with pandemic of Covid-19 in the international branches which are operating 

in the EU it is possible by the fact, that restriction implemented in European countries 

are unified by OSHA-UE (Bezpieczeństwo…, 2020). Therefore, it was decided to 

conduct such a study, based on an identical tool, in UPS Poland and UPS Germany. 

The result of this study is shown in the presented elaboration.  

The evaluation of work condition satisfaction, which have been assure for couriers by 

Polish And German managers differ significantly. For better evidence of those 

difference, in table the lowest average values were highlighted and underlined and the 

highest were highlighted only. 

It is clearly visible the much lower satisfaction level of Poles. What is important, the rank 

of each evaluated action in Polish responders have less important assessment.  

This probably means that this evaluation must also have been influenced by satisfaction 

factors from other areas than those covered by this survey. In the group of German 

respondents, ratings were much higher and it was evident that respondents were paid 

more attention to them. It may be assumed that in this group, factors not included in the 

survey did not influence on the survey area ratings as much. 

Evaluating the final level of satisfaction with the management’s activity regarding the 

protection against the infection in both groups are visible that Poles couriers evaluated 
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the implemented by the company rules slightly below the average value – 2.9 and 

Germans significantly higher – 3.7. According to Poles, the lowest rate of their 

satisfaction was related to cleaning and washing of working clothing, while in Germans 

the parcels disinfection. On the other hand, the highest rated actions were: for Poles –

the access to disinfectants ensure by company – average score of 3.86, and for 

Germans – a quality of personal protective equipment provided by the company - 

average score of 4.33. 

 

Table 2 

Level of satisfaction with protection against Covid-19 infection 

FACTOR 

SATISFACTION LEVEL 

1 2 3 4 5 x̅ 

PL G PL G PL G PL G PL G PL G 

developing a 

plan to deal 

with Covid 

3 2 19 4 117 51 22 19 6 7 3.05 3.25 

implementation 

of a Covid 

management 

plan 

4 2 16 9 119 34 22 21 3 17 2.91 3.51 

adoption of 

epidemic 

procedures 

12 2 38 7 96 30 16 25 5 19 2.78 3.63 

implementation 

of preventive 

measures 

11 3 17 11 106 25 20 26 13 18 3.04 3.54 

implementation 

of individual 

protective 

measures 

38 2 51 8 52 23 18 29 8 21 2.5 3.71 

training 

couriers in this 

area 

18 8 32 9 94 28 19 26 4 12 2.75 3.3 

provision of 

personal 

protective 

equipment 

5 5 24 12 58 18 61 29 19 19 3.39 3.54 

creating safe 

working 

conditions 

12 1 19 6 77 24 48 31 11 21 3.16 3.78 

defining the 

principles of 

health 

monitoring 

19 2 27 7 89 23 23 36 9 15 2.86 3.66 

practical 

application of 

health control 

principles 

7 2 72 9 53 20 28 39 7 13 2.74 3.63 

equipment 

disinfection 
28 1 53 7 63 8 19 45 4 22 2.51 3.96 

vehicle 

disinfection 
35 0 81 8 28 7 17 44 6 24 2.27 4.01 
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limiting the 

time of contact 

with other 

employees 

22 6 28 11 47 25 53 29 17 12 3.09 3.36 

limiting the 

time of contact 

with customers 

9 2 19 6 8 19 92 32 39 24 3.8 3.84 

availability of 

disinfectants 
7 1 12 5 16 9 95 39 37 29 3.86 4.08 

quantitative 

protection of 

personal 

protective 

equipment 

11 0 19 4 20 11 86 37 31 31 3.64 4.14 

security 

qualitative 

personal 

protective 

equipment 

14 1 26 3 46 0 58 43 23 36 3.3 4.33 

storage of 

used personal 

protective 

equipment 

29 3 46 9 25 10 41 38 26 23 2.93 3.83 

disposal of 

used personal 

protective 

equipment 

5 1 62 6 59 16 32 39 9 21 2.87 3.88 

security of 

shipments 
9 2 21 3 46 51 72 20 19 7 3.43 3.33 

disinfection of 

shipments 
13 4 26 15 59 39 52 17 17 8 3.2 3.12 

security of 

work clothing 

storage 

41 2 66 8 48 42 9 19 3 12 2.2 3.37 

safe use of 

work clothes 
42 4 58 12 51 30 12 23 4 14 2.27 3.37 

no contact 

between work 

and private 

clothing 

43 5 69 17 46 19 7 31 2 11 2.07 3.31 

cleaning and 

washing of 

work clothes 

58 2 72 3 31 17 4 42 2 19 1.92 3.88 

flexible 

working time 
23 9 37 11 81 23 19 27 7 13 2.7 3.29 

psychologist 

support 
9 5 11 8 130 19 12 32 5 19 2.96 3.63 

information on 

implemented 

security 

measures 

8 4 21 6 108 13 19 29 11 31 3.02 3.93 

the existence 

of a Covid 

procedure 

8 2 27 2 112 17 11 36 9 26 2.92 3.99 
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compliance 

with the 

procedure in 

practice 

19 3 31 5 87 19 19 21 11 35 2.83 3.96 

Σ 18.7 2.9 36.7 7.7 65.7 22.3 33.6 30.8 12.2 19.3 2.9 3.7 

Source: own study based on a questionnaire survey 

 

Similar analogy might be observed in analysing the opinion regarding the importance 

of studied factors (Table 3). In the issue of importance factors in both groups are totally 

different and have totally different rank. For Poles the most significant is the quality of 

delivering the means of personal protection- average score 3.98, and for Germans- the 

access to disinfectants- average score 4.43. The lowest importance for responders 

have: determination of the health control for Polish couriers - 2.4 average score, for 

Germans the limitation of time with the customers- average score - 2.41. 

The analysis of the existing differences in evaluation of managers’ action taken might 

have been still pending from many other different perspectives, and could be used other 

statistical analysis means, pointing this crucial differences allow to conclude that such 

research are legitimate and should be conducted in broader scope than only for the 

purpose of this study. 

 

Table 3 

Importance of managers' actions to protect couriers against Covid-19 infection 

FACTOR 

IMPORTANCE 

1 2 3 4 5 x̅ 

PL G PL G PL G PL G PL G PL G 

developing a plan 

to deal with Covid 
0 0 7 7 153 17 6 50 1 9 3 3.73 

implementation of 

a Covid 

management plan 

1 0 32 6 122 22 9 41 3 14 2.89 3.76 

adoption of 

epidemic 

procedures 

13 1 27 12 119 31 6 28 2 11 2.74 3.43 

implementation of 

preventive 

measures 

3 2 15 7 92 13 48 30 9 31 2.72 3.98 

implementation of 

individual 

protective 

measures 

5 1 21 5 90 17 44 21 7 39 3.16 4.11 

training couriers in 

this area 
2 8 7 9 145 12 12 42 1 12 3.02 3.49 

provision of 

personal protective 

equipment 

1 2 25 5 102 7 26 38 13 31 3.15 4.1 

creating safe 

working conditions 
5 1 17 3 108 11 35 26 2 42 3.07 4.27 

defining the 

principles of health 

monitoring 

19 5 78 9 57 19 11 21 2 29 2.4 3.72 

practical 

application of 
17 4 71 12 63 17 13 28 3 22 2.49 3.63 
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health control 

principles 

equipment 

disinfection 
10 6 18 9 85 21 39 20 15 27 3.19 3.64 

vehicle disinfection 5 3 17 6 120 12 22 21 3 41 3 4.1 

limiting the time of 

contact with other 

employees 

16 9 24 17 104 23 14 23 9 11 2.86 3.12 

limiting the time of 

contact with 

customers 

7 12 42 25 66 21 38 18 14 7 3.06 2.41 

availability of 

disinfectants 
3 0 9 3 32 9 94 20 29 51 3.82 4.43 

quantitative 

protection of 

personal protective 

equipment 

8 3 12 7 29 15 97 32 21 26 3.66 3.86 

security qualitative 

personal protective 

equipment 

3 2 9 5 17 9 97 18 41 49 3.98 4.29 

storage of used 

personal protective 

equipment 

5 5 11 11 15 23 97 18 39 26 3.92 3.47 

disposal of used 

personal protective 

equipment 

9 4 13 12 28 21 86 18 31 28 3.7 3.65 

security of 

shipments 
2 9 19 23 13 27 88 15 45 9 3.93 2.66 

disinfection of 

shipments 
6 2 23 4 98 6 31 33 9 38 3,08 4,22 

security of work 

clothing storage 
25 1 27 5 103 14 11 32 1 31 2,62 4,05 

safe use of work 

clothes 
15 3 49 4 67 9 31 37 5 20 2,77 3,45 

no contact between 

work and private 

clothing 

12 2 19 5 85 18 39 16 12 42 3,12 4,1 

cleaning and 

washing of work 

clothes 

9 4 26 12 83 16 32 26 17 25 3.13 3.67 

flexible working 

time 
2 2 8 18 34 19 92 36 31 8 3.85 3.24 

psychologist 

support 
9 5 17 11 131 22 8 17 2 28 2.98 3.63 

information on 

implemented 

security measures 

4 3 9 6 140 12 9 27 5 35 3.01 4.02 

the existence of a 

Covid procedure 
15 7 28 11 104 18 17 26 3 21 2.79 3.52 

compliance with 

the procedure in 

practice 

14 2 25 5 113 6 13 31 2 39 2.78 4.20 

Σ 8.3 3.6 23.6 9.1 84 15.6 38.4 27 12.7 27.7 2.87 3.73 

Source: own study based on a questionnaire survey 
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4. DISCUSSION 

The year 2020 brought significant changes in the research issues in all fields of science 

and forced the economies of countries around the world to introduce completely new 

management solutions in all areas of economic and socio-political life. The problem that 

has defined and continues to define the areas and issues of research is the SARS-CoV-

2 virus and the Covid-19 pandemic caused by it (Allam, 2020). 

The first scientific publications on the impact of the pandemic on the functioning of 

enterprises and economies appeared at the end of the first and the beginning of the 

second quarter of this year (Gruenwald, 2020). Their issues mainly included analytical 

studies of the health, economic and social consequences of the pandemic. In the 

current scientific reports, proportionally little space has been devoted to the activities of 

company managers that are to guarantee the safety of employees' work, and if this 

issue arises, it usually concerns people working in the medical profession. 

It is equally important to undertake research on other professional groups that are also 

exposed to pandemic threats, especially to COVID-19 infection, including couriers. The 

work they do requires constant contact with a large number of people. In fact, this 

contact is usually quite short, but intense, often associated with high physical effort and 

increased respiratory needs, and this promotes infections and virus transmission in the 

environment. 

OSHA-EU, recognizing the pandemic dangers, has developed precise guidelines, 

addressed to all EU Member States and companies operating within it, on ensuring 

safety and health at work during the pandemic (COVID-19, 2020). In its 

recommendations, specialists tried to take into account all the risks that may arise in 

the new working conditions and indicate solutions to minimize these risks. Detailed 

regulations, created on the basis of these guidelines, are obliged to follow all companies 

in the EU, including courier companies. At the same time, it seems obvious that the 

implementation of the solutions recommended by OSHA is to, on the one hand, 

increase the level of health safety of employees, and, on the other hand, should 

contribute to building employee satisfaction with working conditions. 

If employees are not satisfied with the solutions introduced by managers, they may not 

be complied with, and thus expose themselves (Jeevan and Jyoti, 2012; Bacotic, 2016), 

as well as other internal clients and external clients of the company, to the risk of 

disease. Therefore, the research conducted among couriers regarding their satisfaction 

with pandemic working conditions should be considered fully justified. At the same time, 

no reports on this issue were found in currently available publications. This made the 

author decide on this particular area of research, also deciding to use in her work the 

methodology used in external customer satisfaction surveys, i.e. the Customer 

Satisfaction Index (CSI) method (Xiaohong et al., 2008). 

The conducted research allowed to state the existence of large differences in the 

assessment of the own satisfaction of couriers working in UPS Polska and UPS 

Germany. It also allowed to determine the effectiveness of the tool used. 

The study shows that limiting the issue only to health safety and protection against 

Covid-19 infection does not allow for a fully unambiguous assessment of the level of 

job satisfaction, such a study should be extended to include other satisfaction and 

motivation factors. This, in turn, allows us to set further directions for researching the 

issues discussed in this article and searching for relationships between it and the 

broadly understood motivation to work. 
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5. CONCLUSION 

To summarize, the research results and consideration based on the subject literature 

analysis should be concluded, that CSI tool could be equally effective and used in 

satisfaction research in external and internal customers. However in case of internal 

customers, the study should include broader bundle of matters thus the conducting only  

the sector study, as it was completed for the presented article purpose above, could 

effect that significant for complete evaluation of satisfaction factors would be omitted. 

It is visible that, this kind of research could provide equally significant knowledge for 

management indicating the area of change in managing the human resources, which 

should be implemented in company as well as the researchers to develop the research 

tools and methods of analysing and verification with using their temporary knowledge 

regarding the motivation and factors which have decided of the employees’ involvement 

and their effectiveness in work process. 

It is worth to pay attention on issues concerning the possibility of comparing the 

management process resulting from cultural differences in the functioning not only the 

company but also whole society and their influence on managers actions and the way 

of functioning the companies in the same industry and even those which belong to the 

same parent company. 

Finally, it also seems that undertaking a broader study of the health and epidemic safety 

situation of couriers, who can be considered as one of the high-risk occupational 

groups, is fully justified for both the theory and practice of management in terms of 

organisations and communities. 

 

REFERENCES 

Allam, Z., 2020. The First 50 days of COVID-19: A Detailed Chronological Timeline and 

Extensive Review of Literature Documenting the Pandemic, Elsevier Public Health 

Emergency Collection, Jul, 1-7. DOI: 10.1016/B978-0-12-824313-8.00001-2 

Bacotic, D., 2016, Relationship between job satisfaction and organisational 

performance, Economic Research 18, 118-130. DOI: 

10.1080/1331677X.2016.1163946 

Baryshnikova, N., Kiriliuk, O., Klimecka-Tatar, D., 2021. Enterprises’ strategies 

transformation in the real sector of the economy in the context of the COVID-19 

pandemic, Production Engineering Archives, 27(1), 8–15. DOI: 

10.30657/pea.2021.27.2 

Bezpieczeństwo i ochrona zdrowia osób pracujących w czasie epidemii COVID-19, 

2020. CIOP-PIB, Warszawa. 

COVID-19: BACK TO THE WORKPLACE - Adapting workplaces and protecting 

workers, https://osha.europa.eu/en/publications/covid-19-back-workplace-adapting-

workplaces-and-protecting-workers/view (24.04.2020), 1-16. 

Duszyński, J., Afelt, A., Ochab-Marcinek, A., Owczuk, R., Pyrć, K., Rosińska, M., 

Rychard, A., Smiatacz, T., 2020. Zrozumieć COVID-19, PAN, Warszawa, 38-41. 

FedEx tries to think beyond the pandemic, The Economist 2020, July. 

Gruenwald, H., 2020. Parcel Delivery Services boom during Covid-19. 

https://www.economist.com/business/2020/07/02/fedex-tries-to-think-beyond-the-

pandemic 

Huang, Y-T., 2020. Internal Marketing and Internal Customer: A Review, 

Reconceptualization, and Extension, Journal of Relationship Marketing, 19(3), 165-

181. DOI: 10.1080/15332667.2019.1664873  

https://www.ncbi.nlm.nih.gov/pmc/?term=Elsevier%20Public%20Health%20Emergency%20Collection%5bfilter%5d
https://www.ncbi.nlm.nih.gov/pmc/?term=Elsevier%20Public%20Health%20Emergency%20Collection%5bfilter%5d
https://dx.doi.org/10.1016%2FB978-0-12-824313-8.00001-2
https://doi.org/10.1080/1331677X.2016.1163946
https://doi.org/10.1080/1331677X.2016.1163946
https://osha.europa.eu/en/publications/covid-19-back-workplace-adapting-workplaces-and-protecting-workers/view
https://osha.europa.eu/en/publications/covid-19-back-workplace-adapting-workplaces-and-protecting-workers/view
https://www.economist.com/business/2020/07/02/fedex-tries-to-think-beyond-the-pandemic
https://www.economist.com/business/2020/07/02/fedex-tries-to-think-beyond-the-pandemic
https://doi.org/10.1080/15332667.2019.1664873


SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   238 

 

 

Ingaldi, M.,Ulewicz, R., 2019. How to Make E-Commerce More Successful by Use of 

Kano’s Model to Assess Customer Satisfaction in Terms of Sustainable 

Development. Sustainability 11, 18, 4830. DOI: 10.3390/su11184830 

Jeevan, J., Jyoti, S., 2012. Impact of market orientation on business performance: Role 

of employee satisfaction and customer satisfaction, Journal of Business Perspective 

16(4), 297-313. DOI: 10.1177/0972262912460188 

Minta, S., Cempiel, M., 2017. Badanie satysfakcji konsumentów produktu tradycyjnego 

na przykładzie oscypka, Roczniki Naukowe Stowarzyszenia Ekonomistów Rolnictwa 

i Agrobiznesu, 6, 177-178. DOI: 10.5604/01.3001.0010.7925 

Research Gate, August, https://www.researchgate.net/publication/343674544. DOI: 

10.13140/RG.2.2.35180.18569 

Turkyilmaz, A., Oztekin, A., Zaim, S., Fahrettin-Demirel, O., 2013. Universal structure 

modeling approach to customer satisfaction index, Industrial Management and Data 

System, 113(7), 932-949. DOI: 10.1108/IMDS-12-2012-0444 

Wood, L., 2020. Couriers: COVID-19 Couriers See Rise in Residential Demand, 

Research and Markets, May, https://www.researchandmarkets.com/ 

issues/couriers-see-risein?utm_source=dynamic&utm_medium=GNOM 

&utm_code=77q4f3&utm_campaign=1391536++Couriers+%26+COVID19%3a+Hu

ge+Increase+in+Residential+Deliveries+as+Customers+Move+to+Online+Shoppin

g&utm_exec=joca220gnomd 

Woźniak, J., 2017. Ocena przydatności metod SERVUAL i CSI w kontekście badania 

logistyki obsługi klienta, Quarterly Journal 2, 242. DOI: 10.19253/reme.2017. 02.020 

Woźniak, J., Zimoń, D., 2013. Zastosowanie metody CSI do badania satysfakcji 

konsumentów na przykładzie wybranej sieci handlowej, Modern Management 

Review, 23(3), 220. DOI: 10.7862/rz.2016.mmr.37 

Xiaohong, L., Xianyi, Z., Yang, X., Ludovic, K., 2008. A fuzzy model of customer 

satisfaction index in e-commerce, Mathematics and Computers in Simulation, 77, 

512-521. DOI: 10.1016/j.matcom.2007.11.017 

 

http://dx.doi.org/10.5604/01.3001.0010.7925
https://www.researchgate.net/publication/343674544
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.13140%2FRG.2.2.35180.18569
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1108%2FIMDS-12-2012-0444
https://www.researchandmarkets.com/%20issues/couriers-see-risein?utm_source=dynamic&utm_medium=GNOM%20&utm_code=77q4f3&utm_campaign=1391536++Couriers+%26+COVID19%3a+Huge+Increase+in+Residential+Deliveries+as+Customers+Move
https://www.researchandmarkets.com/%20issues/couriers-see-risein?utm_source=dynamic&utm_medium=GNOM%20&utm_code=77q4f3&utm_campaign=1391536++Couriers+%26+COVID19%3a+Huge+Increase+in+Residential+Deliveries+as+Customers+Move
https://www.researchandmarkets.com/%20issues/couriers-see-risein?utm_source=dynamic&utm_medium=GNOM%20&utm_code=77q4f3&utm_campaign=1391536++Couriers+%26+COVID19%3a+Huge+Increase+in+Residential+Deliveries+as+Customers+Move
https://www.researchandmarkets.com/%20issues/couriers-see-risein?utm_source=dynamic&utm_medium=GNOM%20&utm_code=77q4f3&utm_campaign=1391536++Couriers+%26+COVID19%3a+Huge+Increase+in+Residential+Deliveries+as+Customers+Move
http://dx.doi.org/10.19253/reme.2017.02.020
http://dx.doi.org/10.7862/rz.2016.mmr.37
https://doi.org/10.1016/j.matcom.2007.11.017


 

 

 
 

 

 

THE INFLUENCE OF A REINFORCED BEAM ON THE SAFETY 

OF ENGINEERING STRUCTURES 
 

 

Date of submission of the article to the Editor:  04/12/2020 

Date of acceptance of the article by the Editor: 02/04/2021 

 

  

Tomasz Kwiatkowski1 – orcid id: 0000-0001-6174-823X 

Dariusz Kwiatkowski1 
1Czestochowa University of Technology, Poland  

  

Abstract: The Reinforcement with carbon tapes is the next step to increase the safety 

of using elements of engineering structures. The conducted tests illustrate the strength 

capabilities of aluminum beams reinforced with a CFRP tape. The aim of the conducted 

tests is to compare the bending strength of aluminum beams before and after the 

reinforcement. On the basis of the numerical analysis, the displacements and stresses 

in the modeled beams were also compared. Moreover, the possible applications of the 

reinforced aluminum beam in engineering structures are presented in this article  

Keywords: aluminum, epoxy glue, carbon tapes  

 

 

 

1. INTRODUCTION 

Safety has always been the basic criterion for the design, implementation and operation 

of engineering structures. In the past, the erection and construction of different facilities 

and buildings  that meet this condition was most often associated with multiple attempts 

performed in  a normal scale. The knowledge obtained in this way was passed orally 

among the designers. It was only after the foundations of the strength of materials that 

the design was developed and changed. It became possible to create theoretical 

models and theoretically verify the way the structure (its elements) worked before the 

actual creation. This period contributed to the question of the safety of the structure. 

Engineers realized that there are many factors that ultimately affect the behavior of an 

engineering object. The heterogeneity of materials was noticed and the related scatter 

of their mechanical parameters, randomness of interactions, manufacturing tolerances 

or difficulties in unambiguous mapping of the work of the structure using its model. 

Therefore, many considerations appeared on how to relate the results of theoretical 

analyzes to the actual behavior of the structure. In this way, many design methods were 

created and allowed to take into account the influence of various factors on the final 

shape of the structure. Today, the most commonly used method for the analysis of 

engineering structures is the finite element method. Modern computer  applications  

allow a very precise analysis of the work of virtually any object, regardless of its degree 

of complexity. However, in such analyzes,  it must be remembered that the computer 

applications  are not able to fully reflect reality. Each created computer model, 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   240 

  

 

regardless of its complexity level, is only a better or worse attempt to idealize the work 

of an element or structure, and the results obtained on its basis are influenced by many 

factors (including boundary conditions or the method of its solution). What is more, 

thenumerical programs and the use of models in them are always only a tool in the 

hands of a designer who not only takes all decisions at every stage of design but also 

takes full responsibility for the final result of his work (Bednarski et al., 2015). 

 

2. THE EXPERIMENTAL PART AND RESEARCH OVERVIEW 

The research used aluminum profiles made of 6063 - T6 alloy and CFRP tapes by S&P 

Lamelle CFK 150/2000, which are available on the market. ARALDIT 2014-1 glue was 

used to bond the aluminum beams. This glue is a two-part  epoxy adhesives. The 

bending tests were carried out in accordance with PN-EN ISO 7438. Beams with 

dimensions of 50x30x3 and 900 mm in length were subjected to a bending test 

according to Figure 1 (the beams, where CFRP tapes were supposed to be glued, 

before the process of sticking the tapes to them, were sandblasted on the surface and 

then cleaned with acetone).  The deflection and displacement were measured in the 

tested beams. The  reinforced beams were compared to the unreinforced beams. 

 

  
Fig. 1. The scheme of the support of bent beams, L = 750 mm 

  

During the first stage, the adhesion of ARALDIT 2014-1 was analyzed. The bending 

test was carried out up to the deflection value for which the beam failed. Fig. 2 shows 

the dependence of the force on displacement for a beam reinforced with a tape and an 

unreinforced beam. The results of bending tests in the force-displacement axis system 

are presented in the figures below. The use of one reinforcing tape resulted in an 

increase in the beam's load capacity, which was reflected in its lower displacement 

(deflection) for a given force level, e.g. for a high bending force of 16 kN, the deflection 

of the reinforced beam was about 9.2 mm and the beams without reinforcement about 

14 mm (Fig. 2), which reduces the deflection by about 35%. In each of the beams, 

deformation (deflection) of the side walls of the profile Fig. 3 could be observed, which 

partially affected its load capacity. It was also observed that the glued joint used to bond 

the aluminum profile to the carbon tape did not deteriorate in either the adhesive or the 

cohesive one, as shown in Figure 3. 
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Fig. 2. The force - displacement relationship for a reinforced beam and a non-reinforced beam 

  

 
Fig. 3. The deformation of side walls in beams. Four-point bending of the beam (maximum 

bending force 19 kN) 

 

3. THE NUMERICAL ANALYSIS 

The analysis with the finite element method  is an increasingly common way used in 

the study of new types of materials. However, it should be remembered that the 

correctness of the obtained results depends on the selection of an appropriate 

mathematical and material model. Models analyzed in this work  are built using the 

Ansys software package, which is widely used in scientific and engineering research 

see the papers (Bielski et al., 2013; Laczek et al., 2001; Chen and Liu, 2014; Gebhardt, 

2018; Łaczek, 2011; Łaczek et al., 2013; Moaveni, 2008; Zagrajek et al., 2006; Lee, 

2019). For the bent beams, the boundary conditions and the type of load corresponding 

to the experimental tests were adopted. The aluminum beams and beams reinforced 

with carbon fiber tapes were the subject of the numerical analysis. The unreinforced 

beam consists of 5,700 members and 40,090 nodes. The reinforced beam was made 

up of 6300 and 45 063 nodes. Additionally, in places of high stresses or displacements, 

the mesh was compacted. The performed numerical calculations of the beam bending 

process  enabled  the analysis of the deformation state of the directional stresses σ 

(Figs. 4 and 5) at the time when the numerical models obtained the maximum 

displacements with values corresponding to the results of the experiments. The bending 

beams and the carbon fiber tapes were modeled as 3D solid objects. The stresses of 
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the normally unreinforced beams were compared with the normal stresses of the 

reinforced beams (Fig. 6). 

 

 
Fig. 4. Maps of normal stresses in the reinforced beam after bending test, force P = 14 kN 

 

 
Fig. 5. Diagrams of normal stresses along the reinforced beam 

 

  
Fig. 6. Diagrams of normal stresses in an unreinforced beam and a reinforced beam 
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Taking into account the results of experimental studies and the results of numerical 

analyzes, the reinforcement of aluminum beams with carbon fiber tapes brings quite big 

benefits. In terms of elasticity, the conducted analysis showed good compliance of the 

equilibrium paths with the experimental results. However, it should be remembered that 

the differences in values may be due to a variety of technical reasons, such as a slight 

shift of the beams on the supports during the bending process, inaccurate distribution 

of glue on the beams (samples were prepared by hand), or imperfect alignment of the 

beam during bending tests, etc.). 

 

4. SUMMARY 

The experimental tests and numerical analysis have shown that not only the 

displacement (deflection) is reduced as the bending force increases, but also the 

stresses in the aluminum beam are significantly reduced by reinforcing with a carbon 

fiber tape (Fig. 7). The deflection of the reinforced beams, as the force increases from 

12; 14; 16 kN up to the force breaking the beam, decreases in relation to unreinforced 

beams by about 5%; 8.5%; 33%. The difference in the breaking force of the beam was 

approximately 67%. 

 

 
Fig. 7. Diagrams of normal stresses in a beam reinforced with CFRP tape and an unreinforced 

beam (L - length in the light of supports 750 mm) 

 

The conducted experimental research and numerical analysis are confirmed by 

literature studies on the advantages of using materials such as the aluminum and 

carbon fiber. These are materials that offer a wide spectrum of use. An additional 

advantage is their eco-friendliness and the possibility of almost 100% recycling, which 

nowadays is one of the factors determining the selection of materials used in 

engineering structures. The potential for the use of this type of composite in engineering 

structures is large, starting from the reinforcement of reinforced concrete structures 

(e.g. bridge spans), wooden and steel structures, motor vehicle components, aircraft 

components or footbridges, or bicycle paths mounted in a cantilever manner to existing 

structures. These are just some of the possibilities of using beams reinforced with 

carbon fiber tapes. An example of application is shown in Figure 8.  
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Fig. 8. Examples of the use of aluminum-carbon composite in engineering structures 
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Abstract: The aim of the article is to present the functionality of unemployed disabled 

people at the shows of the Bieszczady poviat based on the data presented in individual 

documents. The article is important for people with disabilities in relation the problems 

that plague them in carrying out everyday places. For many patients, work is an 

opportunity to break away from everyday problems and function on the basis of meeting 

subsequent goals related to professional work. 
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1. INTRODUCTION 

Performing professional duties is one of the basic activities which a person should 

commit to. It does not make any difference in the case of employees belonging to one 

of the groups of physical disability who, due to the occurrence of this disability, face 

additional difficulties in finding a well-paid job. The obstacles that occur in their cases, 

and which affect their finding a job, focus not only on architectural barriers, but also on 

the society's approach, including the potential employer, to the issue of employing a 

disabled person. 

Considerations on the employment of disabled people should start with explaining the 

basic terminology related to this issue. Thus, Mitra claims that a disability is disability a 

problem of the individual that is directly caused by a disease, an injury, or some other 

health condition and requires medical care in the form of treatment and rehabilitation. 

(Mitra, 2006). 

 On the other hand, the current law on vocational and social rehabilitation recognizes 

that a disabled person is a person whose disability has been certified, is completely or 

partially incapable of work, or has been classified to one of the three degrees of 

disability. (Dz. U. 1997 nr 123 poz. 776) 

The United Nations Convention on the Rights of Persons with Disabilities recognizes 

as disabled persons those who have long-term or permanent physical, mental or 

intellectual limitations, which makes their participation in society much more difficult. 

(UN Convention on the Rights of Persons with Disabilities). 

The Act cited earlier also indicates three applicable degrees of disability: 
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 Moderate – these include those with impaired efficiency of the organism, unable to 

work or can perform it only under the conditions of sheltered work or requiring the help 

of other people to perform social roles. 

 Mild – these include those who have impaired body efficiency, have a significantly 

reduced ability to work compared to a fully functional person with similar professional 

qualifications or limitations that can be compensated by appropriate measures. 

 Severe – these include those who have impaired body efficiency, are unable to work 

or can perform it only in sheltered employment conditions or requiring the help of other 

people for social roles or long-term care and help for independent living. (Dz. U. 1997 

nr 123 poz. 776). 

Thus, the legislator tries to classify disabled persons into one of the three categories by 

exhausting the catalog of possibilities. However, it can be noticed that it uses general 

phrases that do not directly refer to both physical and intellectual disability. Through 

such a procedure, it is possible to regulate the standards of treating the disabled by 

individual administrative bodies, and to adjust the measures taken towards them to the 

actual needs.  

From the point of view of ergonomics, in order to employ a disabled person in a given 

enterprise, it is necessary to adapt the potential place of employment to the 

requirements and needs of  the disabled. It is indicated that the proper adaptation of 

the workplace should take into account the following factors: 

 Ensuring recruitment and selection procedures are accessible to all, 

 Adapting the working environment, 

 Providing assistive devices, 

 Modifying working schedules. (de Guimarães, 2012) 

It can be said that the above-mentioned elements can be successfully used not only in 

relation to disabled people, but also in relation to fully healthy employees. Each of them 

should be guaranteed conditions for the effective and safe performance of their duties, 

and negligence in this aspect is a significant burden for the employer - both in terms of 

financial issues and the image. Hence, it is so important to provide employees with 

conditions that are tailored to the needs and requirements of the work performed (Saja 

et al., 2017). 

A potential employer, after analyzing the situation related to the employment of a 

disabled person, needs to consider a few more elements and factors that should be 

considered in the process of planning such a move. They include, among others: 

 A pace of performed tasks adapted to the needs and capabilities of the employee, 

 A possibility of introducing a break in the event of an employee being overloaded with 

duties, 

 Conducting training in the field of evacuation from the workplace, 

 An indication of the path of professional development in line with the expectations and 

psychosocial characteristics of the employee, 

 Issuing clear and concise messages regarding the work performed, 

 Providing feedback on the work performed. (Żołnierczyk-Zreda et al., 2016). 

All these elements result in the creation of a workplace for disabled employees in 

accordance with their preferences, but also adapted to the type of disability, thanks to 

which theu are able to safely perform their duties. 
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2. EMPLOYMENT OF A DISABLED WORKER 

An approach of an employee, both healthy and disabled, to their professional work is 

an individual matter. For a disabled employee, an opportunity to work is something 

more than just duties - it is the opportunity to gain financial independence, allowing for 

self-satisfaction of the most basic needs. E. Jaglarz distinguished several reasons why 

work for an employee with a disability was such an important element of everyday 

functioning: 

1. It is a source of income - it allows meeting the most essential life needs and cover 

at least some of the costs related to the patient's disability. 

2. It gives a sense of value and social usefulness - it enables the disabled to feel part 

of the community and work for it. 

3. Work is a form of spending free time - disabled people who often have problems with 

finding employment may treat work as a form of spending their free time, making 

their everyday life more fun. 

4. Work strengthens the sense of meaning in life - it allows one to define life goals and 

provides funds for their implementation. 

5. It allows the development of a mechanism of functioning and dealing with potentially 

difficult situations - failures and challenges appearing on the professional ground 

mean that every employee, not only the disabled one, has to work out a method of 

dealing with the consequences of such situations.  

6. It helps to increase activity - a disabled person, due to their work, must increase the 

scope of their activity - not only physically but also mentally, which has a generally 

beneficial effect on their functioning (Jaglarz, 2017). 

As can be seen from the above-mentioned list, work is not limited to material factors, 

but is an important aspect of functioning for a disabled person - it allows them to feel 

part of society and strive for self-fulfillment, and enables them to achieve a greater 

degree of integration with colleagues, which is a particularly important function if one 

takes into account the feelings of loneliness and rejection that people with disabilities 

often feel. 

Employment of a disabled employee requires a number of actions not only in terms of 

breaking architectural barriers. It is necessary for an enterprise to meet several 

conditions that will allow safe employment and effective performance of duties by a 

disabled employee. The National Labor Inspectorate indicates that the employment of 

a disabled person may be allowed under the following conditions: 

 Compliance with the principle of non-discrimination - is associated not only with the 

broadly understood prohibition of discrimination against an employee, but also with 

the employer's obligation to adapt the work environment to the requirements that will 

allow the employee to perform work safely and effectively. 

 The working time of a disabled person may not exceed 8 hours a day and 40 hours a 

week, and in the case of persons with a severe and moderate degree of disability, 7 

hours a day and 35 hours a week. 

 Prohibition of employing a disabled employee at night - with two exceptions - the rule 

does not apply to  the persons employed to supervise and in the event that the doctor 

determines that there are no grounds prohibiting work at night, and the examination 

is carried out at the employee's request and employer's expense. 

 An obligation to provide an additional break for a disabled employee of 15 minutes. 
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 An obligation to provide additional holiday leave for a disabled employee belonging to 

the severe or moderate disability category. The leave is not granted to an employee 

who has the right to rest exceeding 26 working days or to a person who is entitled to 

additional leave on the basis of separate notes in force. 

 Ensuring the right to be released from professional duties while retaining the right to 

receive remuneration for the time of performing specialist examinations, medical 

treatments, obtaining orthopedic support or its repair or, once a year, by participating 

in a rehabilitation camp not exceeding 21 working days (Your social security rights in 

Poland). 

Taking into account all the determinants that must be met by the employer in order to 

employ a disabled person, it can be concluded that the privileges are mainly aimed at 

protecting a disabled employee, but do not take into account the elements that the 

employer must bear in connection with employment. As a result of this situation, co-

workers may also have a negative attitude towards the disabled in relation to their rights. 

All these elements make finding a job for a disabled person a challenge. 

The situation of people with disabilities in the labor market has been significantly 

influenced by the SARS-CoV-2 coronavirus pandemic. Due to the systems commonly 

introduced by the largest countries in the world aimed at closing the economy, many 

employees of individual enterprises, including the disabled, found themselves in a 

difficult situation. Hence, it becomes necessary to develop solutions that will adequately 

protect the disabled. Therefore, the solutions proposed by the legislator include the 

following: 

 Increasing the base amount for a severely disabled employee from PLN 1.800 to PLN 

1.950, 

 Increasing the base amount for an employee with moderate disability from PLN 1.125 

to PLN 1.200, 

 Increasing the base supplement for people with special illnesses for people with 

severe disabilities from PLN 600 to PLN 1.200, 

 Increasing the base benefit for people with special illnesses for people with moderate 

disability from PLN 600 to PLN 900. (https://www.rp.pl/Niepelnosprawni/303309932-

Koronawirus-doplaty-dla-pracownikow-niepelnosprawnych.html). 

On the other hand, an employer taking on a disabled employee may waive the 

obligation to pay the prolongation fee when applying for a deferment or spreading 

payment into installments, and from the obligation to charge an additional fee when 

applying for a deferment of payment or spread it into installments (Ibid.).  

It is also worth mentioning that employing a disabled employee is associated with an 

obligation to prepare an occupational risk assessment for them, which will have to 

include the risks associated with disability. Performing such an estimation should take 

place after a careful study of the nature and position of the job in full cooperation with 

the disabled and the employer. An indication of situations that may trigger potentially 

dangerous events must be adjusted to the workplace and its position. In the case of 

people with disabilities, the risks will include: 

 A fall (both from a height and when losing balance), 

 Tipping over of a wheelchair, 

 The stroller hits the surroundings at the workplace, 

 Hand injuries related to operating the truck. 



249  

 

 

Employment of a disabled worker has a significant impact on the entire workplace. 

Therefore it is necessary to ensure that the working environment is properly equipped 

and that the employer guarantees the highest possible level of safety, not only for the 

disabled, but also for the entire environment. 

 

3. A DISABLED WORKER IN THE BIESZCZADY POVIAT 

Adapting not only the working environment, but all public buildings to the needs of 

disabled people, is a challenge that Poland is not coping well with. Many facilities, 

including offices, are not adapted to accommodate a disabled employee-to be. It is also 

directly related to the conditions of employment of disabled people - many opportunities 

are closed to them due to barriers, mainly architectural ones, which effectively prevent 

them from taking up employment. The summary of this problem can be shown on the 

example of the Bieszczady poviat, based on the data compiled in the Strategy for 

solving social problems in the Bieszczady poviat for the years 2020-2026. 

Overall, the unemployment situation in the poviat is presented in a way that differs 

significantly from the data comparing the entire country in this approach, as presented 

in the table below. 

 

Table 1 

The level of unemployment in the Bieszczady poviat in comparison to nationwide data 

 2016 2017 2018 

Poland 8.3 6.6 5.8 

Bieszczady poviat 18.2 15.3 13.9 

Source: Strategy for solving social problems in the Bieszczady poviat for the years 2020-2026 

 

As one can notice on the example of the data cited, the number of unemployed people 

in the Bieszczady poviat is high, and thus the competition in the labor market is equally 

high. It should be remembered that every year successive groups of graduates of 

individual schools join the group of people looking for a job, and thus constitute a very 

strong competition also for potential disabled employees. In such an approach, the 

entire period of time during which a person was unemployed works to the disadvantage 

of a disabled employee, which significantly reduces their knowledge of the market, 

which is effectively filled by new jobseekers. Therefore, a disabled person is faced with 

the need to constantly improve themselves and their abilities, which keeps them 

competitive. 

The structure of people with disabilities in the Bieszczady poviat is no longer as 

drastically high as it was in the case of the overall unemployment level in the poviat. 

 

Table 2 

Number of people with disabilities in the Bieszczady poviat 

The unemployed by 

the degree of 

disability 

2016 2017 2018 

Severe 3 0 0 

Moderate 11 13 12 

Mild 33 21 22 

Source: Strategy for solving social problems in the Bieszczady poviat for the years 2020-2026 
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The data collected indicate that the highest percentage of disabled people in the 

Bieszczady poviat has a slight degree of disability. Consequently, there are no major 

obstacles preventing them from finding a job. It can be concluded that the main reason 

why people with disabilities do not find employment in the Bieszczady poviat is not the 

problem of architectural obstacles, but the inability to find a job that would meet the 

expectations and needs of the disabled. The poviat, as an institution, tries to undertake 

adequate actions aimed at activating disabled people who are unemployed. This is 

done mainly by benefits granted under PFRON, which in turn are allocated to the 

following purposes: 

 expenditure related to labor market instruments or services for people with disabilities 

who are unemployed, 

 job placement, retraining and training of the disabled unemployed, 

 expenses related to the purpose for the needs related to starting a business, 

 referral of disabled people who require specialized training and therapeutic 

rehabilitation to an appropriate facility, 

 providing legal and economic consultancy services in the field of business or 

agricultural activities undertaken by disabled people, 

 cooperation with a labor inspector on jobs for disabled people. (Strategy for solving 

social problems in the Bieszczady poviat for the years 2020-2026) 

Therefore, the activities undertaken in the field of employing a disabled person are 

broad and focused on matching the appropriate job offer to the unemployed. However, 

taking into account the conditions in the poviat and the highly limited employment 

opportunities, it cannot be concluded that these measures were sufficient. As it is 

commonly known, the Bieszczady poviat is one of the areas in Poland that cannot 

efficiently and quickly offer employment opportunities to the disabled. This is, among 

others, due to the difficult terrain - potential employment may require moving, which 

would not necessarily be a desirable and safe phenomenon for a disabled person. 

Another aspect is the lack of large work centers in the poviat that could offer safe 

employment. Therefore, it would be desirable to make the poviat area more attractive 

in terms of investment, which could significantly increase employment opportunities, 

not only for disabled workers. The Strategy quoted earlier indicates that the 

geographical configuration is an important factor that hinders finding a job by disabled 

people - many sick people live in the countryside, and the agricultural sector becomes 

the main area of employment, which cannot always afford employment for the disabled. 

Despite the fact that the largest group of disabled people in the poviat are people with 

mild disabilities who could theoretically find employment in the agricultural area, the risk 

of such employment is high and not very safe for an employee. Also, work in the 

agricultural area is not always an option that a potential employee can meet.  

Another aspect that hinders the functioning of disabled people in the Bieszczady poviat 

are the architectural barriers mentioned several times. Public utility buildings are not 

sufficiently adapted to the needs of the disabled - not all of them have a special elevator, 

the sidewalks have high curbs, residential buildings are not adapted to the needs of the 

disabled. People with disabilities living in the poviat must face many difficulties every 

day, which not only make it difficult for them to find a job, but also make daily functioning 

difficult. 
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However, the construction law indicates that currently constructed facilities should meet 

certain requirements also in the context of disabled people. The regulations indicate the 

following factors that must be met by the building contractor: 

 The construction design should include a description of accessibility for the disabled, 

 It is possible to build a ramp for the disabled without the need for a building permit 

(Dz. U. 1994 nr 89 poz. 414). 

In order to clarify these requirements, a regulation of the Minister of Infrastructure was 

also issued, which in an even more detailed way defines the conditions that have to be 

met by buildings in order to adapt them to the needs of the disabled, including the 

following elements: 

 The entrances to the building should have hardened access roads with a minimum 

width of 1.5 m, and at least one of the entrances should allow disabled people to 

access the entire building or its part 

 Development of the building plot should take into account parking spaces for the 

disabled, which must be properly marked and comply with the width and length 

indicated in the ordinance, 

 Places for collecting solid waste should be accessible to the disabled, 

 At least one sanitary post must be adapted to the needs of the disabled by providing 

a maneuvering space and doors without thresholds, as well as handles facilitating the 

use of sanitary facilities, 

 The location of the door and its shape should be easy to use also for the disabled, 

 In buildings without levers, ramps or other technical devices to facilitate access for the 

disabled should be installed. (Dz. U. 2019, poz, 1065) 

In general, it can be said that Polish legislation is trying to seriously approach the issue 

of employment of disabled people. For this purpose newer and newer legal acts to 

guarantee the observance of these seemingly most basic rights of every human being, 

not only the disabled, to a dignified life are being published. However, the reality often 

shows that meeting all the requirements to ensure that people with disabilities find 

employment in line with their preferences and qualifications is sometimes an impossible 

challenge. 

 

4. CONCLUSIONS 

Employment of a disabled person is connected with the fulfillment of certain 

requirements, in particular on the part of an employer. A disabled person is not 

automatically excluded from professional life or participation in the life of the local 

community. Despite certain outlays, it can continue to operate and function like any 

other person, and thus may turn out to be an effective employee. Due to the 

privileges/rights of the disabled person, other employees may get impression that they 

are treated unfairly by the employer, and that the disabled person is treated in a special 

way only in terms of their illness. Those who actually use their disability to gain their 

own benefit or put themselves in a more privileged position are a disadvantage. Such 

behavior affects the perception of disabled people through the prism of the general 

public - this thesis is confirmed, for example, by the events related to a disabled woman 

from Szczecin blocking city buses (Uwaga! Po Uwadze, materiał telewizji TVN z dnia 

15.10.2018 roku) – comments related to this matter meant that a significant part of 

people, despite the knowledge that the behavior of this particular individual could not 

be equated with all other disabled people, changed their opinion about the whole group 
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- in the vast majority of cases they were negative, which discouraged from taking any 

aid measures for any disabled person. Such situations also mean that the potential 

employer will not necessarily want to hire an employee with a disability - they may be 

afraid of the difficult behavior presented by the disabled, as well as the reception of 

such employment by the rest of the employees. An additional factor that hinders making 

such a decision is the broadly understood allegation of discrimination. The current 

realities mean that virtually any situation can be perceived as behavior aimed at 

discriminating against an employee. Court proceedings that are pending in such 

situations have a negative impact on the entire enterprise, even if the entire case is 

ended by dismissing the allegation. 
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Abstract: Business continuity depends on the quality of management of individual 

processes. The management team strives to anticipate all possible threats and define 

protective measures. In the event of the COVID-19 pandemic enterprises were not 

prepared for such threats. Therefore, an important role is played by the health and 

safety inspector who should be involved in the company management process. The 

impact of the safety aspects of the work environment on the quality and efficiency of 

work is even more important in the event of an unexpected hazard that is difficult to 

completely eliminate. The purpose of the paper is to present the causes and effects of 

the COVID-19 biohazard according to the Ishikawa diagram on the example of a 

selected process in an enterprise. 
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1. INTRODUCTION 

The operation of enterprises in market economy requires a pragmatic approach to 

planning processes. It is about a close link of the various forms of the plan with: 

• company goals, 

• the nature of the business, 

• proper organization of activities, 

• controlling and evaluation, 

• planning new activities. 

However, it should be pointed out that during their operation enterprises may be 

exposed to various types of anomalies, which they disrupt partially or completely. An 

ability to anticipate these anomalies is an important task for management. While it is 

possible to prepare and apply preventive measures in the face of risks related to failures 

and inspections of supervisory institutions, it is difficult to react properly in the face of 

unforeseen events that may occur (Wolany and Spilka, 2011). 
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Therefore, it is important how a given enterprise secures its resources against 

unexpected events that may occur in the economic or social space. The risk is inherent 

in the daily activities of a company, although the risk related to COVID-19 was difficult 

to identify (Woźny and Dobosz, 2015). 

 

2. RISK MANAGEMENT 

It seems natural human behavior to search for ways to eliminate or limit all possible 

losses related to an economic activity. Therefore, risk management covers the following 

areas: risk analysis, active risk modification (an attempt to eliminate, limit, relocate) and 

risk financing, consisting in searching for ways to cover possible losses through 

insurance or including them as own costs (Baryshnikova et al., 2021; Woźny and 

Pacana, 2017). 

Risk management is a more and more commonly used tool for to improve organization 

management. In general, risk management is about identifying and analyzing various 

types of events that have the potential to cause undesirable (or desired) changes to a 

process or product, and developing a response to risk. A risk can be characterized as 

an identifiable event with a certain probability of its occurrence and its expected effect 

(Gula and Fatih, 2018). 

Every enterprise faces risk during its management. It can be caused by external factors 

(nature, economic conditions, functioning of the global market), but also by internal 

ones (process risk, occupational risk, etc.). It is important that an entrepreneur and 

management are aware of the risk and the situation in which the external and internal 

risk can occur simultaneously. Such action allows one to protect against potential 

losses or reduce the impact of risk on the functioning of a company. 

The current situation in the world has meant that the COVID-19 pandemic has been a 

constant external and internal risk for a company for over a year. Therefore, it is 

important what actions are taken by management not only in combating external risk, 

but also what activities it takes to combat internal risk. It should be pointed out that this 

risk affects every aspect of the company operation as there is a possibility of infection 

of employees both inside and outside the company. 

In the case of COVID-19, the external or internal risk will have negative financial and 

social consequences for the still functioning enterprise (Woźny and Pacana, 2017). 

 

External risk 

                                                          
 

            COVID-19 

 
Internal risk 

  
Fig. 1. Risk connected with the COVID-19 pandemic 

 

2.1. Biological hazard identification - COVID-19 

During a crisis, the threat of the COVID-19 pandemic is common. Therefore, in most 

workplaces, it was necessary to update the occupational risk with a biological factor, 

which should be considered the coronavirus. Table 1 shows the hazard identification. 

The possible effects of the threat, as well as the measures to protect against the threat 
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that the employer and employee should take were indicated (Woźny and Pacana, 

2017). 

It is important that, in times of uncertainty and limited sense of security, an employer 

protects employees against the possibility of infection. Therefore, it is important what 

protection measures were used by the employer and what mechanisms and procedures 

were applied. Most employers provided employees with: 

• disposable or reusable masks and shields, 

• disposable gloves, 

• hand disinfectant, 

• separation of the zone for customers or people from outside, 

• separation of the employee's position from the client with plexiglass, etc., 

• shortening the working time or organizing remote work, 

• other procedures and protective measures depending on the workplace (Saja et al., 

2017). 

 

Table 1  

19 COVID-19 biohazard identification. 

Biological threat 

Threat 

The source 

of the threat 

(cause) 

Possible 

consequences of 

the threat 

Means of protection against 

threats 

Group 
The way of 

infection 
Employer 

Virus 

Coronaviridae 

(COVID-19) 

People, items 

Diseases of the 

upper respiratory 

tract, including 

pneumonia, severe 

damage to internal 

organs, death, etc. 

 disposable or reusable masks 

and visors, 

 disposable gloves, 

 hand disinfectant, 

 separation of the zone for 

customers or people from 

outside, 

 separation of the employee's 

position from the client with 

plexiglass, etc., 

 shortening the working time or 

organizing remote work, 

 other procedures and protective 

measures depending on the 

workplace. 

gr. 2, no 

vaccinations 

(or their limited 

access) 

Air-droplet 

Employee 

 compliance with hygiene rules 

 adherence to employer 

procedures and ministry 

guidelines 

 use of personal protective 

equipment 

Source: own study 
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2.2. Ishikawa diagram of COVID-19 threat at the position of a truck operator at a 

handling terminal 

Ishikawa's cause-and-effect diagram allows analyzing the causes of irregularities in the 

implementation of a specific activity. The aspect of linking individual causes with a 

diagram is also important. The detailed analysis of the diagram enables to link the 

causes of the problem. Such a diagram is effective in the case of teamwork using 

appropriate management techniques (e.g. with brainstorming). 

The simplest division of the causes of irregularities in an enterprise is the 5M rule, i.e. 

hierarchizing irregularities by category (Pacana and Siwiec, 2020): 

• Method, 

• Machine, 

• Material, 

• Man, 

• Management  

Identifying the risk associated with COVID-19 by dividing it into categories allows one 

to improve the process of analyzing the risk and its proper interpretation. It will also 

allow reducing information noise (communication errors) between the units participating 

in the procedure. So that the sender and the recipient speak the same language or code 

and there should be a full understanding of the issued command and the expected tasks 

to be performed (Head, 1994). 

Before considering the mistakes of the owner and all employees, it is worth highlighting 

the factors that determine the possibility of contamination. It often happens that the 

employer and employees do not know enough safety rules and procedures or ignore 

the guidelines set by state institutions. This problem is closely related to the 

"management" factor. 

The Ishikawa diagram allows eliminating weaknesses and possible irregularities in the 

process. In the company analyzed, attention was paid to the workstation of a truck 

operator at the transhipment terminal. 

The outbreak of COVID-19 forced many changes in enterprises. As for the "method" 

according to the Ishikawa diagram, the following should be mentioned: 

• No specific rules regarding COVID-19, 

• Unchanged procedures of logistic processes, 

• Lack of instructions regarding contact with an infected or potentially sick person, 

• No rules for measuring temperature. 

The management should rearrange the workplaces in such a way as to limit the 

possibility of a direct contact of a larger number of people. It is impossible to completely 

eliminate contact, although it can be limited, and all necessary protection measures 

should be implemented. 

It should be emphasized that from the beginning of the COVID-19 pandemic there are 

only recommendations that have been obligatory in place in Poland (e.g. the 

recommendation of the Chief Sanitary Insulator about keeping distance, using masks, 

etc.). There are no clear rules set out in a regulation that employers must adhere to. As 

for the "human" aspect, the cause of infection may be: 

• Failure to respect social distance, 

• Not wearing masks and not disinfecting hands, 

• Unjustified contact with contractors, 

• Not taking care of basic hygiene rules, 

• Stress (Vries et al., 2016). 
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The management should inform employees about the threat and build awareness in 

atmosphere of peace and common sense about the threat. Only the discipline of 

employees and control over compliance with the implemented safety rules can bring 

the expected benefits. 

In the process analyzed, attention was paid to the operator of the truck. The employees 

can be infected by: 

• The use of several trucks in one shift by one or more employees, 

• Non-disinfection of trolley elements the employee comes into contact. 

It is important to change the organization of work processes related to mechanical 

transport works. The rules for using industrial trucks and the need for their disinfection 

should be specified. This can be done during the employee's break or after the shift is 

completed (designate breaks in use for disinfection) etc. 

Management can contribute to the threat when they downplay the problem. One should 

pay attention to: 

• No COVID-19 procedure, 

• No updating of occupational risk, 

• No restrictions on contact with participants in the logistics process, 

• Lack of proper supervision. 

The management should implement new organizational solutions. If possible, work 

processes should be run remotely, e.g. no printing of documents, electronic waybills, 

etc. (which generates additional costs). 

The employer should equip the employee and the company with protection measures. 

Due to COVID-19, there may be a problem with (Michaels and Wagner, 2020): 

• Lack of masks/shields etc., 

• Lack of disinfecting liquid, 

• Damaged fluid dispenser or their insufficient quantity, 

• Defect in thermometer. 

Providing employees with personal protective equipment is one of the basic tasks of 

employers in the field of occupational health and safety. It is important that the employer 

adjusts the type and amount of resources to the type or process of work. 

The Ishikawa diagram shows the number of causes of COVID-19 infection in a 

company. Therefore, it is important to implement the necessary preventive measures 

to eliminate problems. It is relevant that the management staff who will reorganize work 

processes pay attention to the safety aspect. Temporary reduction of efficiency or a 

throughput of processes at the expense of security can bring many benefits in the long 

run. This can save the enterprise from partial or complete closure related to employee 

infections (Saja, 2017). 
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Fig. 2. Identification of biological hazards COVID-19 

 

2.3. Risk analysis of COVID-19 
When the COVID-19 threat emerged, it was difficult to identify the type of biological 

threat. it was a new biological threat that had not been exposed to humans until now. 

Therefore, it was difficult to pinpoint the potential effects that could have had on the 

worker. 

Table 2 presents the risk assessment using the Risc Score method by means of the 

causes and effects indicated in the Ishikawa diagram. It should be noted that the results 

of the assessment relate to the general approach to risk assessment for an employee. 

It should be emphasized that the generally accepted methods do not differentiate 

occupational risk in terms of age, gender or coexisting diseases. It is also important that 

in the case of the factors indicated, the result of the assessment would certainly be 

significantly different, as the effects of virus infection may be incomparable for younger 

and elderly people, or those with comorbidities. 

 
Table 2 

Risk estimation by means of Risc Score – COVID-19. 

Name of the 

occupational 

hazard factor 

The severity of 

possible 

consequences 

"S" 

Time of 

exposure 

to the 

hazard 

"E" 

The probability 

of an event 

"P" 

Occupational 

Risk Score 

"R" 

Estimation formula:  S x E x P = R 

Virus 

Coronaviridae 

(COVID-19) 

S=7 Average E=6 P=3 
R= 

126 

Average 

risk 

Severe body 

injury 
Daily 

Practically 

possible 

Necessary 

control, 

recommended 

preventive actions 

Source: own study 

 

3. CONCLUSIONS 

Personal protective measures are only a result of the hazard analysis. One needs to be 

aware of the threat and react appropriately. Entrepreneurs are required to organize 

work properly by: 

•Information management, 

•Processing information, 
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• Displaying information, 

• The way of information visualization, 

• Reliability of information, 

• Repeatability of information. 

In the event of the COVID-19 pandemic it is difficult to predict therefore organizational 

mechanisms that enable quick response to the resulting threat, creating an increased 

level of safety for employees are the most important. 

COVID-19 is a new generation virus, so far unknown. Therefore, both medicine as well 

as science and society begin to recognize the following effects: 

• Medical for people who have undergone it and returned to work, 

• Social, due to isolation caused by remote work, a decline in social competences, 

stress caused by both work and childcare at the same time, 

• Economic, due to the lower efficiency of employees after illness (e.g. neurological 

complications, temporary disturbance of the sense of smell and taste, increased energy 

expenditure). 
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Abstract: An occupational risk assessment is one of the main processes to assure a 

safe and healthy workplace. It was shown, that this process is particularly important in 

the cause of industrial enterprises, in which the number of accidents is the largest. In 

these enterprises, one of the most often practiced methods is the PN-N-18002 method. 

However, it was concluded this method has some limitations. They concern the way of 

assessing the risks in the traditional number scale, which is less precise than the fuzzy 

triangular number (using in FAHP). Therefore, the aim is to improve the process of 

assessment in industrial enterprises by integrated the PN-N-18002 method with the 

FAHP method (Fuzzy Analytic Hierarchy Process). The test of the proposed method 

was made for three machine operator positions used to aggregate extraction in one of 

the Podkarpacie enterprises. These positions were: loader operator (Ł-34), digger 

operator (CAT 323), dredge operator (300/250 KREBS 10/8). The concept of the 

method was to identify in a precise way what is the greatest extent danger to the 

operators of these workplaces. It was shown, that it is the work at height. It was 

concluded, that this method can be practice to risk assessment of other workplaces, 

among others from industrial enterprises. The originality is the integrated risk 

assessment method (PN-N-18002) with the fuzzy multicriteria decision method (FAHP) 

as part of achieving the precise results of risk assessment. 

Keywords: risk assessment, production engineering, mechanical engineering, fuzzy 

analytic hierarchy process, PN-N-18002 

 

 

 

1. INTRODUCTION  

Effective business management refers to carrying out an occupational risk assessment 

that contributes to productive work while ensuring a safe workplace (Woźny et al., 

2016). A review of the literature on the subject indicates that occupational risk was 

assessed using methods applicable only to risk assessment, i.e. Risk Score (Harabas 

and Klimecka-Tatar, 2017; Saja et al., 2013) or the PN-N-18002 method (Duda and 

Juzek, 2018). Also, the occupation risk assessments were made by methods which are 

connecting the identification of the risk and their assessment, i.e. Event Tree Analysis 
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(ETA) or Fault Tree Analysis (FTA) (Krause, 2011, Woźny and Pacana, 2013). Also, as 

part of the occupational risk assessment, the actions were taken, which the aim was 

improving this assessment. For example, Aagedal et al. (2002) proposed models 

supporting the realization of individual stages of occupational risk assessment and 

reporting the obtained results. In a turn of work (Karkoszka, 2009) it was presented the 

method which has application to meeting the legal requirements of the health and safety 

assessment and also was used the Event Tree Analysis as part of improving this 

process. Another example is an article of Karkoszka and Szewieczek (2007) in which 

the risk assessment was integrated with the context of different methods, for example: 

estimating of incompatibilities in a quality management system, management of 

environment or Health and Safety. Additionally, it was shown, that occupation risk 

assessment was carried out with the classical numeral scale, which is generating vague 

evaluations and thus imprecise results (Chen et al., 2020; Krishankumar et al., 2020; 

Siwiec, Bednarova and Pacana, 2020). After a review of selected literature items, it was 

concluded, that this aspect was not analyzed so far. Therefore, it was considered a 

research gap, and it was considered justified to improve the occupational risk 

assessment by eliminating the ambiguity of the assessments awarded in the process 

of risk assessment at the workplace.  

It was assumed that the Fuzzy Analytic Hierarchy Process (FAHP or Fuzzy AHP) would 

be effective for this purpose (Solangi et al., 2020; Pacana et al., 2020; Pacana et al., 

2018). This method, as shown by the authors of articles (for example Gil and Gonzalez-

Rodriguez, 2012), supports reducing the aforementioned ambiguities in assessments, 

by transforming the assessments in classical number scale on the triangular fuzzy 

numbers (Chang, 1996; Siwiec et al., 2020). Therefore, it was considered that using the 

FAHP to reduce the ambiguities in the stage of occupational risk assessment is 

legitimate. In a turn of the context of occupational risk assessment, the largest number 

of accidents in work in Poland in the 2019 year were noted in enterprises from the 

industrial sector (28,212 accidents). Another example for which one of the largest 

numbers of accidents was recorded (i.e. 2,407 accidents) was, according to the GUS 

(Statistic Poland), the mining and quarrying section (GUS, 2020; Siwiec et al., 2019). 

In the mentioned industrial enterprises (and mining and quarrying section) one of the 

most often practice methods of occupational risk assessment is the PN-N-18002 

method (Duda and Juzek, 2018). Therefore, legitimate is improving the occupational 

risk assessment performed by the PN-N-18002 method in the context of industrial 

enterprises. In view of it, the aim was to improve the process of assessment in industrial 

enterprises by integrated the PN-N-18002 method with the FAHP method (Fuzzy 

Analytic Hierarchy Process). The test of proposed integrated methods was made based 

on occupation risk assessment for three workplaces in one of Podkarpacie aggregate 

mining enterprises. 

 

2. METHODOLOGY OF RESEARCH 

As part of improving the occupation risk assessment in industrial enterprises, the 

method of occupation risk assessment PN-N-18002 was used, and then this method 

was integrated with the Fuzzy Analytic Hierarchy Process (Fuzzy AHP). The PN-N-

18002 method belongs to series of PN-N-18000 standards of occupational health and 

safety (Karkoszka, 2009) and its main application is an occupational risk assessment 

on workplaces (Bajdur and Idzikowski, 2012; Woźny and Pacana, 2013). In a turn, the 

FAHP method is one of the most often practice multicriteria decision methods, which 
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allows for reducing inconsistencies in the assessments of decision-makers (Siwiec et 

al., 2020). The process of realization of the method is shown in 5 main steps.  

The first step of the method is to choose the workplaces to occupation risk assessment 

according to the PN-N-18002 method. The choice depends on the individual 

preferences of the entity using the method. The second step of the method is to make 

the occupation risk assessment for the chosen workplace using the PN-N-18002 

method. The way of making the PN-N-18002 method is shown for example literature 

i.e. (PN-N-18002:2011; Szklarzyk et al., 2016). After the occupation risk assessment 

by the PN-N-18002 method is made, it is possible to integrate the results with the FAHP 

method. It is shown in the next stage. The third step of the method is to transform the 

obtained occupational risk assessments on the triangular fuzzy numbers preferred by 

Saaty scale, i.e. 1-9, 1-7 or 1-5 (Siwiec et al., 2020). The choice of a set of scales 

depends on the individual preferences of the entity using the method. The fourth step 

of the method is to use the FAHP method. In this aim, initially, it is necessary to prepare 

the fuzzy matrix of pairwise comparisons �̃� = [𝑎𝑖�̃�], which concerns the unclear 

assessments in the process of occupational risk assessments. Then on the diagonal, 

there are always triangular values of the fuzzy number equal to (1, 1, 1), while above 

the diagonal are the values of pairwise comparisons, and under the diagonal their 

reciprocal values. In the case of comparing several positions, a joint decision matrix 

should be created, according to the authors of the work (Tsai et al., 2020). The clear 

weights are successively calculated from the fuzzy matrix of pairwise comparisons (1) 

(Mir and Padma, 2016; Siwiec et al., 2020): 

𝑆𝑖 = ∑ 𝑀𝑖
𝑗

 [∑ ∑ 𝑀𝑖
𝑗

𝑚

𝑗=1

𝑛

𝑖=1

]

−1
𝑚

𝑗=1

 (1) 

To achieve (∑ ∑ 𝑀𝑖
𝑗𝑚

𝑗=1
𝑛
𝑖=1 )

−1
 is necessary to fuzzy addition 𝑀𝑖

𝑗(𝑗 = 1, 2, . . . , 𝑚) the 

values of matrix (2) (Mir and Padma, 2016; Siwiec et al., 2020): 

∑ ∑ 𝑀𝑖
𝑗

= [∑ 𝑙𝑗, ∑ 𝑚𝑗

𝑚

𝑗=1

𝑚

𝑗=1

, ∑ 𝑢𝑗

𝑚

𝑗=1

]

𝑚

𝑗=1

𝑛

𝑖=1

 (2) 

The reciprocal of the vector is (3) (Mir and Padma, 2016): 

[
1

∑ 𝑀𝑖
𝑗𝑚

𝑗=1

] = (
1

∑ 𝑢𝑖
𝑛
𝑖=1

,
1

∑ 𝑚𝑖
𝑛
𝑖=1

,
1

∑ 𝑙𝑖
𝑛
𝑖=1

) (3) 

Subsequently, the smallest degree of possibility is calculated (4) (Mir and Padma, 2016; 

Siwiec et al., 2020): 

1 𝑖𝑓 𝑚2 ≥ 𝑚1

0 𝑖𝑓 𝑙1 ≥ 𝑢2

𝑙1 − 𝑢2

(𝑚2 − 𝑢2) − (𝑚1 − 𝑙1)
𝑓𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (4) 

Then assuming that (5) (Mir and Padma, 2016): 

𝑉(𝑀2 ≥ 𝑀1, 𝑀2, . . . , 𝑀𝑘) = 𝑉[(𝑀 ≥ 𝑀1)] 𝑎𝑛𝑑 𝑉 [(𝑀 ≥ 𝑀𝑘)] = 𝑚𝑖𝑛 𝑉 [(M ≥ Mi)] 

assumed that: d′(Ai) = minV(Si ≥ Sk) for k=1,2,…,n; k≠ i 
(5) 

it is possible to define the vector as (6), and the normalized vector is (7) (Mir and Padma, 

2016): 

𝑊′ = (𝑑′(𝐴1), 𝑑′(𝐴2), . . . , 𝑑′(𝐴𝑛))𝑇 (6) 
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𝑊 = (𝑑(𝐴1), 𝑑(𝐴2), . . . , 𝑑(𝐴𝑛))𝑇 (7) 

In the proposed method, the maximum value of the normalized vector relates to the 

greatest source of hazard at the analyzed workplace. The fifth stage is to identify the 

root of the largest danger in the analyzed workplace and making adequate improvement 

actions. 

 

3. RESULTS 

To test of proposed method the three machine operators stations, which were used in 

process of extraction of aggregates in one of Podkarpacie opencast enterprises. These 

were the positions of loader operator (Ł-34), excavator operator (323) and dredge 

operator (300/250 KREBS 10/8). The motivation of choice of these positions was the 

biggest values of assessments of occupational risk which were obtained from all of the 

positions by the PN-N-18002 method. Also, these machines had a key share in the 

aggregate extraction process. For example, the excavator operator CAT 323 and the 

loader operator Ł-34, dig and load aggregate for means of transport, and also it scoops 

and moves the lump of aggregate or top layer of earth. In a turn, the dredge operator 

300/250 KREBS 10/8, extracts aggregate working in a water body. The aim was to 

determine which source of risk is the greatest threat to the life and health of employees 

working in the positions selected for the analysis. The results of occupational risk 

assessment by PN-N-18002 for the operator of an excavator (E), dredgers (D) and 

loader (L) is shown in Table 1.  

 

Table 1 

The results of occupational risk assessment by PN-N-18002 

Source of 

threat 
Threat Protection 

Risk 

category 

adopted 

Total 

points in 

the group 

L E L E D 

Machines 

Noise 

during 

plant 

inspection 

Applied noise reduction measures 

below 85 dB (A) 
4 3 

4 3 4 

NDN exceeding, noise above 85 

dB, hearing protectors used 
- - 

Noise above 85 dB - hearing 

protectors are not used 
- - 

Equivalent level A to sound L [dB] 76.4 71.5 

Multiplicity 0.14 0.04 

Machines. 

production 

process 

Vibration 

General vibration 0.380 0.145 

4 2 4 

Multiplicity 0.47 0.18 

No mechanical vibrations 1.02 - 

Local vibration 0.36 - 

Multiplicity of the limit value OEL 4 - 

Production 

process 

Petroleum 

vapors 

Possibility of overfilling diesel fuel 3 3 

3 3 3 No oil spill possible - - 

Failure to apply security - - 

Electric 

lighting of 

the 

workplace 

Electric 

shock 

Applied efficient fire protection 4 2 

4 2 4 
Applied efficient fire protection - - 
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Work at 

height 

Fall from 

a height 

Use of personal protective 

equipment against falls from a 

height 

5 5 

5 5 5 

Failure to use personal protective 

equipment 
- - 

Work in 

forced 

position 

Fatigue 

Use of facilities and auxiliary 

equipment 
- - 

4 4 4 

Failure to use auxiliary equipment 4 4 

Machines, 

stationary 

and 

auxiliary 

tools 

Hit, Fall, 

Slip 

Possibility of hitting with moving 

parts of the machine (no guards) 
1 1 1 1 1 

Hazards related to sharp and 

protruding parts 
3 3 3 3 2 

Hazards related to the movement 

of people and equipment 

(drowning) 

4 4 4 4 3 

Hazards related to the physical 

properties of the material (weight, 

sharp edges, slippery surfaces, 

etc.) 

2 2 2 2 2 

Electric shock hazard Inadequate 

electrical installation 
2 2 2 2 2 

Threat in work in open space 6 6 6 6 6 

Burn hazard 1 1 1 1 1 

Risk of a person falling 4 4 4 3 4 

sum of points in III step of PN-N-18002 method 47 41 45 

Source: Unpublished materials of the aggregate mining plant located in Podkarpacie. 

 

According to the occupation risk assessment by PN-N-18002 it was shown a small 

threat at analyzed workplaces, i.e.: loader operator Ł-34 (4.36 points), excavator 

operator 323 (3.39 points) and dredge operator 300/250 KREBS 10/8 (4.57 points). 

Because the assessments obtained for identified categories of risk at analyzed 

workplaces were similar, the legitimate was reducing the threat source analysis to a 

combined decision matrix (Table 2). 

 

Table 2 

An combined decision matrix 

Symbol Source of threat 𝐥𝐢𝐣 𝒎𝐢𝐣 𝒖𝐢𝐣 

T1 Machines 2.00 3.63 5.00 

T2 Machines. production process 1.00 3.17 5.00 

T3 Production process 2.00 3.00 4.00 

T4 Electric lighting of the workplace 1.00 3.17 5.00 

T5 Work at height 4.00 5.00 6.00 

T6 Work in forced position 3.00 4.00 5.00 

T7 Machines. stationary and auxiliary tools 1.00 2.32 7.00 

Source: own study 

 

Subsequently, a pairwise comparison matrix was created based on the combined 

decision matrix. The sum of the values for each row and the relative value of the fuzzy 

weight were successively calculated (Table 3).  
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Table 3 

Fragment of the pairwise comparison matrix and the results of the relative value of the fuzzy 

weight 

Source of 

threat 
T1 T2 𝐥𝐢𝐣;  𝒎𝐢𝐣;  𝒖𝐢𝐣 

Relative value of the 

fuzzy weight 

T1 1.0; 1.0; 1.0 2.0; 1.1; 1.0 9.17; 7.70; 6.80 0.17; 0.14; 0.10 

T2 0.5; 0.9; 1.0 1.0; 1.0; 1.0 4.58; 6.37; 6.80 0.08; 0.12; 0.10 

T3 1.0; 0.8; 0.8 2.0; 0.9; 0.8 8.92; 6.40; 5.60 0.16; 0.11; 0.08 

T4 0.5; 0.9; 1.0 1.0; 1.0; 1.0 4.58; 6.73; 6.80 0.08; 0.12; 0.10 

T5 2.0; 1.4; 1.2 4.0; 1.6; 1.2 18.33; 10.60; 8.16 0.34; 0.19; 0.12 

T6 1.5; 1.1; 1.0 3.0; 1.3; 1.0 14.33; 9.39; 9.16 0.26; 0.18; 0.13 

T7 0.5; 0.6; 1.4 1.0; 0.7; 1.4 8.33; 7.61; 11.21 0.15; 0.14; 0.16 

∑ ∑ 𝑀𝑖
𝑗

𝑚

𝑗=1

𝑛

𝑖=1

 68.25; 55.70; 54.53 1.25; 1.00; 0.80 

1

∑ 𝑀𝑖
𝑗𝑚

𝑗=1

 
0.02; 0.02; 0.01  

Source: own study 

 

Then, using the formulas (4-7) the normalized vector was calculated, and next the 

greatest root cause of the threat for the analyzed workplace was specified. Then, the 

results of the calculations are shown in Table 4. 

 

Table 4 

Results of calculation by the FAHP method 

T1 T2 T3 T4 T5 

T1 ≥ T2 1.00 T2 ≥ T1 0.00 T3 ≥ T1 0.00 T4 ≥ T1 0.00 T5 ≥ T1 1.00 

T1 ≥ T3 1.00 T2 ≥ T3 1.00 T3 ≥ T2 0.00 T4 ≥ T2 1.00 T5 ≥ T2 1.00 

T1 ≥ T4 1.00 T2 ≥ T4 1.00 T3 ≥ T4 0.00 T4 ≥ T3 1.00 T5 ≥ T3 1.00 

T1 ≥ T5 0.00 T2 ≥ T5 0.00 T3 ≥ T5 0.00 T4 ≥ T5 0.00 T5 ≥ T4 1.00 

T1 ≥ T6 0.00 T2 ≥ T6 0.00 T3 ≥ T6 0.00 T4 ≥ T6 0.00 T5 ≥ T6 1.00 

T1 ≥ T7 1.00 T2 ≥ T7 0.00 T3 ≥ T7 0.00 T4 ≥ T7 0.00 T5 ≥ T7 1.00 

Min. 0.00 Min. 0.00 Min. 0.00 Min. 0.00 Min. 1.00 

T6 T7 Results 

T6 ≥ T1 1.00 T7 ≥ T1 0.00 
W’ = [0.00; 0.00; 0.00; 0.00; 1.00; 0.00; 0.00] 

T6 ≥ T2 1.00 T7 ≥ T2 1.00 

T6 ≥ T3 1.00 T7 ≥ T3 1.00 
∑W’ = 1.00 

T6 ≥ T4 1.00 T7 ≥ T4 1.00 

T6 ≥ T5 0.00 T7 ≥ T5 0.00 
Wn’ = [0.00; 0.00; 0.00; 0.00; 1.00; 0.00; 0.00] 

T6 ≥ T7 1.00 T7 ≥ T6 0.00 

Min. 0.00 Min. 0.00 MAX = 1.00 = T5 

Source: own study 

 

After the calculation of integrated methods of PN-N-18002 and FAHP was made, it was 

shown that the largest threat on the loader operator, excavator operator and dredge 

operator was work at height (i.e. T5). 

 

4. DISCUSSION AND CONCLUSION 

Providing a safe and healthy workplace is realized among others by making an 

occupation risk assessment. In particular it is important in the cause of industrial 
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enterprises, in which the number of accidents is the greatest. It was shown, that the 

method of occupational risk assessment, which is the most often used in mentioned 

industrial enterprises, is the PN-N-18002 method. However, this method was not 

improved in the context of achieving the precise results of the assessment. This was 

considered a research gap. Therefore, the aim is to improve the process of assessment 

in industrial enterprises by integrated the PN-N-18002 method with the FAHP method 

(Fuzzy Analytic Hierarchy Process).  

The test of the proposed method was made for three machines, i.e.: loader operator (Ł-

34), excavator operator (323) and dredge operator (300/250 KREBS 10/8). These 

machines were used to process of extraction of aggregates in one of Podkarpacie 

opencast enterprises. By integrated the methods of PN-N-18002 and the FAHP 

method, a precise indication of the source of threats was made, which is the greatest 

danger to the operators of the analyzed workstations. It was shown, that it is the work 

at height. It was concluded, that integration of the method of occupation risk 

assessment with the multicriteria decision method is effective and allows for precise 

making the risk assessment, and at the same time, it will contribute to increase the 

safety of life and health of employees. Furthermore, it was concluded, that this method 

can be practice to risk assessment of other workplaces, among others from industrial 

enterprises. 
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Abstract: Companies operating on the market have to cope with a variety of crisis 

situations which may adversely affect their development and jeopardise the 

achievement of their objectives. A crisis situation may, on the one hand, have  

a negative impact on the development of the company, but, on the other hand, it may 

provide a stimulus and have a constructive effect on its functioning. One of the factors 

influencing the ability to function of a business, including crisis situations, is its 

organisational culture. Therefore, a company responding to the situation should 

assess the conditions both in its environment and inside it and verify the artefacts, the 

system of values and the main principles that are the basis for building an 

organisational culture. Many companies that are dealing with a crisis situation decide 

to undertake a conscious process of cultural transformation. However, it requires the 

management to take appropriate actions and the time of a crisis situation is a test for 

many companies – whether in such a difficult moment something can still be done 

with the organisational culture, or whether the entrepreneurs can only wait for its 

inevitable impact on the functioning of the company. The subject of this article is the 

impact of a crisis situation on changes occurring within the organisational culture. The 

study attempts to evaluate the role of organizational culture in crisis situations based 

on the current state of knowledge and crisis events related to COVID-19. 

Keywords: organisational culture, enterprise, crisis situation, management, 

pandemic. 

 

 

 

1. INTRODUCTION 

The importance of organisational culture and its impact on the functioning of the 

company is particularly strong in various crisis situations it must face. In such difficult 

circumstances, it is organisational culture that makes the individual involvement of 

employees, their mutual cooperation, identification with the company form  

a mechanism that coordinates actions, directing them towards a common goal. The 

significance of creativity grows, new solutions appear, additional effort and 

independent thinking, which replaces waiting for instructions from supervisors. Such 

attitudes were already visible before, for example, during the economic crises of the 

early 2000s. Sudden, unexpected challenges faced by large corporations have shown 
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the critical importance of company culture. Those, who had established a culture with 

an inbuilt ability to react to change, an internal system capable of adapting, were able 

to switch to self-control. Employees scattered all over the world immediately began to 

communicate changes in their environment to headquarters, and came out with local 

initiatives where necessary, based on clear, shared understanding and acceptance of 

values. Almost immediately, these companies were able to assess the situation, 

coordinate their actions on a global scale and implement measures in response to 

emerging and unexpected challenges. At the same time, many of the large 

corporations with an organisational culture unprepared for the crisis did not manage to 

assess the situation correctly. They acted chaotically or did not react at all, and 

suffered heavy losses as a result (www.ican.pl). 

In November 2019, the pandemic of the infectious COVID-19 disease caused by the 

SARS CoV-2 coronavirus began. On 4 March, the first case of COVID-19 infection 

was found in Poland, which had a significant impact on the functioning of companies. 

In the last days of March 2020, entrepreneurs suspended their business activity en 

masse and informed labour offices about planned group layoffs. Due to the 

coronavirus epidemic and restrictions introduced by the government, just by 31 March 

this year, 1353 entrepreneurs closed their businesses in Poland and as many as 9151 

suspended business activity. These numbers are twice as much as in the same 

period last year. Every fifth company plans to lay off 20% of its employees, and every 

tenth company plans to lay off 30%. In total, as many as 66% of companies are 

planning some reductions in employment. Entrepreneurs also do not count on the 

government’s anti-crisis shield as, according to many experts, it does not solve the 

largest problems that entrepreneurs have to face nowadays. As many as 78% of 

entrepreneurs consider the solutions adopted in the anti-crisis shield as very bad 

(54%) or bad (24%). Only 7% of them consider them to be good 

(www.polskatimes.pl). 

 

2. THE CONCEPT OF ORGANISATIONAL CULTURE – THEORETICAL BASIS 

Culture is a concept that has many meanings and is understood as the degree of 

achievement of excellent precision and efficiency in a given specialisation. Culture is 

also defined as the entirety of the material and mental output of the humankind, which 

is collected and passed on from generation to generation (Kisielnicki, 2005). The term 

"organisational culture" saw first use in the period of development of the human 

relations discipline. It referred to, among others, the cooperation of people for the 

effective functioning of the enterprise. 

E. Mayo was one of the first to draw attention to the issue of culture when describing 

the experiment in the Hawthorne plant, where the creation of a work culture was 

noticed. In the fifties, a concept for the development of the organisation was created, 

which considered culture to be the source of this development. This was due to 

research carried out in 1952 by Kroeber and Kluckhohn, who analysed approx. 200 

definitions of culture, considering those used in sociology, psychology, and other 

disciplines. On this basis, they formulated a common definition for all searches for the 

content of this artificial reality in which we live as members of society. According to it, 

culture consists of models of ways of thinking, feeling and responding, acquired and 

transmitted mainly through symbols which, together with their incarnation in human 

creations, are significant achievements of human groups; the core of culture is 

constituted by traditional ideas and especially related values (Kroeber and Kluckhohn, 
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1952). In turn, in the 1960s, R. Blake and J. Mounton used the notion of the so-called 

organisational climate to describe phenomena that are synonymous with 

organisational culture (Kożusznik, 2011). A significant step in the development of 

organisational culture was also taken by the American sociologist P.M. Blau 34, who 

described the process of shaping formal and informal organisations and thus 

observed the mechanism of "acquiring" culture. On the other hand, M. Allvesson and 

P.O.Berg, on the basis of an attempt to summarise and synthesise the development 

of the concept of organisational culture, believed that the concept of organisational 

culture first appeared in a 1951 publication by E. Jaques, "The changing culture of  

a factory" (Allvesson and Berg, 1992). However, the year 1974, when M. Pettigrev's 

article was published, is considered to be the date of appearance of the concept of 

culture in relation to an organisation. He defined culture as a system shared by 

people, providing a reference framework accepted by all members of the group at  

a given time. Culture is expressed through a system of conditions, categories, images 

that enable interpreting a situation through one's own perception (Pettigrew, 1979).  

The issue of organisational culture was particularly intensively studied in the 1980s, 

as a result of the success of Japanese companies and the development of companies 

establishing new subsidiaries and branches in other countries. Such a dynamic 

growth of interest in the issues of organisational culture in those years was influenced 

by such phenomena as:  

- Searching for the sources of success of the Japanese economy and the origins of 

the crisis of the American and Western European economies at the turn of the 

1970s and 1980s. Comparative analysis has shown that the main distinguishing 

factor in these economies are people management methods. The extraordinary 

attention to the system of values and standards of Japanese companies was 

noticed. Very significant cultural differences were brought to attention and their 

importance and impact on the effectiveness of the organisation began to be 

recognised. The organisational culture has proven to be an important factor in 

management.  

- After a period of domination of quantitative methods in organisational research,  

a return to qualitative methods is visible. It was noticed that phenomena that could 

not be measured by mathematical and statistical models could still be described, 

explained, and understood. The so-called soft, non-measurable areas of the 

organisation were studied.  

- In a prolonged crisis of traditional management methods, theoreticians and 

practitioners began to look for success factors. According to T. Peters and R. 

Waterman, a strong and coherent organisational culture is an essential feature of a 

perfect company.  

- M. Allvesson and P.O. Berg also drew attention to social factors: the increase in 

interest in symbolism and mythology by societies at the turn of the 1970s and 

1980s; shifting the emphasis from the functional to the individual, unique and 

expressive (Czerska, 2003, Koźmiński and Piotrowski, 1999).  

The ambiguity of the concept of organisational culture is determined by the multiplicity 

of meanings of both words – culture and organisation alike. Culture can be considered 

in evaluative or non-evaluative terms. Organisation, however, can be considered in 

the material, functional and attributive sense. It provides multiple possible 

interpretations of these concepts and, at the same time, the organisational culture 

itself. Therefore, there is a lack of unanimity among theoreticians and representatives 
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of different scientific disciplines in defining and understanding the culture of an 

organisation. For example, in sociology and psychology, organisational culture is most 

often understood in a non-evaluative manner. Such a perception of culture means that 

it is defined through the lens of norms and patterns characteristic of a given 

community, which distinguish it from others (Sikorski, 1988). On the other hand, 

among the theoreticians of organisation and management, the prevailing approach to 

culture is evaluative – mentions of "high" or "low" organisational culture are 

commonplace and there is no uniform concept of organisational culture. L. Smircich. 

distinguished two basic approaches to organisational culture. The first, treating 

organisational culture in a functionalist manner, as an element of the "organisational 

environment” or as an element of the "organisational system". The second approach 

treats organisational culture as a useful source of analogy of organisational 

processes, facilitating their interpretation (Jemielniak, 2002).  

 

3. REVIEW OF THE DEFINITIONS OF ORGANISATIONAL CULTURE 

Such a broad understanding of culture makes it impossible to provide a clear 

definition within this approach. The lack of consent of researchers as to organising the 

approaches to organisational culture, as well as the description of its components, 

typologies, and relationships with other spheres of the organisation and with the 

environment results in multiple different definitions of organisational culture. This 

number of definitions is also due to the complexity of the issue of organisational 

culture. As it covers such sciences as sociology, psychology or management, these 

definitions may relate to different perceptions of the organisational culture of thinking, 

the way of acting, as well as whether they treat the organisation as a core metaphor 

or as a resource. Below is an attempt to present the most important definitions of 

organisational culture. One of the more general and holistic definitions was proposed 

by M. Bower, who described organisational culture as "the way we do everything 

here" (Lundy and Bowling, 2001). This definition illustrates the scope of activities for 

the members of the organisation and demonstrates that it is the behaviour of 

individuals that shapes the organisational culture. Such a representation of culture is 

close to the image of it as a core metaphor showing that everything that happens in 

an organisation is created by human experience. Organisational culture is treated in  

a similar manner by: L. Smircich and C. Geertz. They see culture as “networks of 

meanings woven by persons in the process of organising”. They believe that thanks to 

this understanding of organisational culture, members of a given organisation can 

process the reality they are exposed to through a cultural frame of reference 

(Smircich, 1983; Geertz, 1975; Stańczyk, 2008). P.M. Blau treated organisational 

culture as a set of peculiar, unwritten "rules of the social game" in an organisation that 

allow participants in social life to understand the organisation and identify with it (Blau, 

1968). J. van Maanen, perceived organisational culture as knowledge shared to  

a greater or lesser extent by members of an organisation, expressed in actions and 

words, which the field researcher must interpret and not treat as given (van Maanen, 

1988). Meanwhile, for R. Deshapande, R. Parasurman, organisational culture is an 

unwritten, often subconsciously perceived principle that fills the gap between what is 

unwritten and what actually happens in the organisation (Deshapande and 

Parasurman, 1987). E. Schein treats organisational culture as a model of shared, 

fundamental assumptions that a given group has created, solving problems of 

adaptation to the environment and internal integration. This formula can be 
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considered as binding and is being taught to new members as the correct way to 

solve problems (Schein, 1992). The definition of E. Schein also shows that culture is 

developed and shaped by the members of the organisation and indicates the direction 

for new employees. Schein also draws attention to the universality of culture, and 

more specifically – to the similarity of problems that affect both national, ethnic, and 

organisational cultures (Martins and Terblanche, 2003). Although they may be 

different in all groups, in the context of achieving a competitive advantage, culture can 

become a distinguishing feature of an organisation (Acar and Acar, 2012). The role of 

norms and values and beliefs commonly accepted in an organisation, which constitute 

a system, is emphasised in the definition of organisational culture by H. Schenplein 

(Schenplein, 1988). Also G. Hofstede describes the organisational culture as 

"programming the minds" of the members of the organisation, i.e. a set of values, 

norms and organisational rules effectively instilled by the group (Hofstede, 2000,). In 

turn, according to E. Jacques, organisational culture is a customary or traditional way 

of thinking and acting, which is to some extent shared by the members of the 

organisation and which new employees must at least partly accept (Jacques, 1952). 

In this definition – unlike the definition of E. Schein – organisational culture is 

presented as a way of thinking and acting that is shared by the members of the 

organisation and, in addition, they must at least partly accept it. This means that the 

values and standards of an individual must, at least in part, coincide with those of the 

entire organisation. 

A review of the definitions presented above shows their multiplicity and differences in 

approach to organisational culture. Thus, it indicates the complexity of the concept of 

organisational culture and its multidimensional nature. However, regardless of how it 

is perceived, it can be: shaped both consciously and unconsciously by the members 

of the organisation, constitute a set of shared beliefs influencing the individual 

perception of the organisation, be holistic and unique, express the understanding of 

values, norms and assumptions by the members of the organisation, be created on 

the basis of the common experience of the members of the organisation, as it is  

a collective phenomenon, create rules and instruments for proceeding and solving 

problems and be shaped in a continuous manner. 

 

4. RESEARCH METHODOLOGY 

Sources and causes of crisis situations may come from inside the company as well as 

from its surroundings. A crisis situation affects the company to varying degrees. Some 

businesses are directly affected, with adverse consequences, others are affected 

indirectly and only very few are not affected entirely. The crisis situation causes 

companies to be more aware of the problem of uncertainty, unpredictability and 

instability in the economy (Orłowski et al., 2010). For the purposes of this article,  

a crisis situation shall be understood as a period in the life of an organisation in which 

a process of destabilisation of its functions begins and continues, leading inevitably to 

its collapse, however if remedial action is taken, the destabilisation of the functions of 

the organisation may be interrupted and the organisation may return to its next normal 

state.  

An important rolein overcoming these situations is played by a proper organisational 

culture. One example is its current significance in the COVID-19 pandemic. It is the 

involvement of subordinates, their cooperation and proper identification with the 

company that allows for good change management and helps the company to survive 

https://www.emerald.com/insight/search?q=E.C.%20Martins
https://www.emerald.com/insight/search?q=F.%20Terblanche
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a difficult period. Therefore, the current situation poses many new challenges for HR 

departments. The manner of performing work duties was changed by the pandemic. 

Remote work is now very popular. All this requires changes in the organisational 

culture and the application of innovations that will support the future state of the 

company. Therefore, during a pandemic, it becomes an important part of the 

organisational culture to ensure that employees are supported in the various areas of 

their needs by providing them with access to benefits that have a positive impact on 

their health and well-being in a crisis situation (https://poradnikprzedsiebiorcy.pl)  

For the purposes of this article, the typology of culture proposed by K. Cameron and 

R. Quinn was used. They proposed a two-dimensional model of competing values, 

where one dimension is characterised by flexibility and freedom of activity as well as 

stability and control, and the other dimension represents orientation towards internal 

affairs as well as integration or orientation towards the position in the environment and 

diversity. The juxtaposition of these two dimensions made it possible to distinguish 

four types of cultures: clan, adhocracy, market, and hierarchy. 

The purpose of this study is to attempt to answer the question of how COVID-19 

affects the organisational culture of companies. This article will attempt to answer the 

following questions:  

̵ Does a crisis situation, such as COVID-19, change the set of norms and 

values that have so far been in force in the studied companies? 

̵ Is organisational culture still important in a pandemic? 

̵ Will the so-called "new normal" bring a new organisational culture after the 

pandemic?  

̵ What changes enforced in companies by the current COVID-19 situation will 

remain for a longer period? 

For the purposes of the study, the following hypotheses have been adopted in this 

article: 

̵ The right organisational culture in management plays a key role in times of 

crisis. 

̵ The organisational culture in a pandemic must focus as much as possible on 

supporting the employees. 

̵ Organisational culture cannot remain "rigid" and unchanged in the era of  

a changing reality. 

̵ Only those companies that have established a culture with a built-in ability to 

react to change and an internal system capable of adapting to crisis situations 

will survive the COVID-19 pandemic. 

In order to provide answers to the questions and research hypotheses raised,  

a questionnaire survey was used. The main study was preceded by a pilot study, 

which helped to eliminate questions less relevant to the problem under investigation. 

The final version of the survey consisted of: a description of the study and 21 closed 

questions with the option of individual description, in case of lack of adequate answer. 

The survey was divided into four parts. The first part of the survey concerned 

companies that were in a crisis situation even before the COVID-19 pandemic and 

what did the situation refer to. A diagnosis of organisational cultures of the surveyed 

companies was also made. The second part referred to the issues of managing  

a company in a situation caused by a pandemic and the most important problems 

they had to face. The third part dealt with the most important future challenges for 

companies as related to organisational culture. The last part included questions about 
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the personal information of the respondent. The survey, due to the pandemic, was 

conducted by means of telephone questionnaire interviews and online surveys, which 

were sent out by e-mail. During the implementation of the survey (from May 2020 to 

July 2020), 45 interviews were conducted among companies from the Silesian 

Province, out of which 27 companies agreed to take part in the survey and underwent 

positive verification. 

For the analysis of the collected research material and graphic presentations, 

Microsoft EXCEL and WORD computer software and the STATISTICA 13.3 statistical 

software package were used.  

 

5. RESEARCH RESULTS 

In the surveyed group of companies, the largest group was small companies (from 10 

to 49 employees) – 65.4%, medium-sized companies (from 50 to 249 employees) – 

24.8% and micro companies (up to 9 employees) – 9.8%. The largest number of the 

surveyed businesses declared to be involved in services – 51.2%, followed by 

manufacturing – 29.3%, retail – 12.6% and wholesale – 6.9%. The results of own 

research indicate that almost half of the surveyed companies (49.2%) found 

themselves in a crisis situation at least once. Statistical analysis of the data showed a 

statistically significant difference between the size of a company and being in a crisis 

situation. In the case of micro companies, the vulnerability to a crisis situation is as 

follows: 62.4% – were vulnerable, 37.4% – were not vulnerable; in the case of small 

companies: 53.4% – were vulnerable, 46.6% – were not vulnerable; and in the case of 

medium-sized companies: 35.8% were vulnerable and 64.2% were not vulnerable. 

Therefore, it can be assumed that the smaller the company, the greater the 

vulnerability to crisis situations.  

So far, in the times before the pandemic, in the surveyed companies, a crisis situation 

was most frequently manifested by: decrease in sales (38.7% – in the case of micro 

companies, 32.4% – in the case of small companies and 28.9% – in the case of 

medium-sized companies); decrease in the market share (19.2% – in the case of 

micro companies, 17.4% – in the case of small companies -23.3% – in the case of 

medium-sized companies), deteriorating work atmosphere (18.2% – in the case of 

micro companies, 16% – in the case of small companies and 21.2% – in the case of 

medium-sized companies) or loss of financial liquidity (17% – in the case of micro 

companies, 15.4% – in the case of small companies and 12.2% – in the case of 

medium-sized companies). Of the companies surveyed, only 8.4 % indicated 

deteriorating company image. In contrast to the crisis situations the surveyed 

companies had faced before, the COVID-19 pandemic was a completely new 

phenomenon for them and was considered unpredictable by the vast majority of 

companies. 

Closed borders, large losses in the economy and problems, both in terms of supplies 

and transport restrictions, have had a significant impact on the changes in the 

functioning of the company and, consequently, on the decrease in its revenue. This 

forced companies to look for savings, which manifested in employee layoffs – 36%; 

"cost optimisation" by withholding pay raises – 62% or lowering salaries – 44%. Some 

companies sent their employees on unpaid leave – 24%. 

On the other hand, the businesses took measures to minimise the risk of COVID-19 

infection among their employees and customers. The respondents indicated the 

following actions taken by their employers: informing about the risk of COVID-19 
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infection – 59%, proper preparation of workstations – 56%, limiting direct contacts – 

46%. Interestingly, 23% of the respondents indicated assistance in childcare during 

the working hours of the parents, 7% of companies provided psychological support for 

those in need and 3% – assistance in shopping.  

The results of the study show the importance of organisational culture for the 

functioning of the company and the situation caused by the pandemic has become  

a test of the norms and values in force. 

For this purpose, an attempt was made to diagnose the organisational culture in the 

surveyed companies. Taking into account the organisational culture model proposed 

by Quinn and Cameron, cultures dominant in the surveyed companies were identified. 

The conducted research showed that the culture of hierarchy is in the first place – 

32.4%, followed by the culture of hierarchy and clan – 30.1%, the third place was 

taken by the culture of clan – 13%, the culture of the market was indicated by 9% of 

the respondents, the culture of hierarchy and market – 8%, the culture of adhocracy – 

6%; other options were indicated by 1.5% of the respondents. Therefore, taking into 

account only the dominant type of organisational culture in the surveyed businesses, 

we can see that qualities related to hierarchical culture are a majority (32.4%).  

In a situation where it could not be clearly stated which of the cultures dominated 

(arithmetic averages were the same), an additional, mixed type of organisational 

culture was created. This group of companies is made up of those with a very strong 

hierarchy and clan culture simultaneously (30.1%). Another type of organisational 

culture that is important for the entire sample is clan culture. Although only 13% of the 

companies were identified as such, when taking into account mixed cultures 

(hierarchy and clan), it can be observed in more than one in three companies. Other 

types of cultures dominate in 10% of companies. 

In medium-sized companies, the culture of hierarchy is most often the dominant one – 

55.4%, followed by the culture of hierarchy and clan – 36.2%, the culture of clan – 6% 

and the remaining cultures – 2.4%. In small companies, the culture of hierarchy and 

clan is most often the dominant one – 48.4.%, next was the culture of hierarchy – 

32.5%, the third place was taken by the culture of clan – 16%, the remaining cultures 

– 3.1%. In micro companies, however, the results are as follows: hierarchy and clan – 

38%, hierarchy – 25.4%, clan – 24.6%, other cultures – 12%. 

It is in very rare cases that we can speak of only one dominant culture in an 

organisation. It can be observed that the culture of hierarchy dominates, but there are 

also other culture types. Most often the literature on the subject mentions the 

domination of two types of cultures, although in every company there are features 

characteristic for all types. 

A proper organisational culture in management plays a key role in crisis situations, 

including a pandemic. The current situation presents new challenges for HR 

management. Due to the pandemic situation, the way of performing work-related 

duties has changed – a significant part of companies have switched to remote work, 

which in turn requires changes in organisational culture and the application of 

innovations that will support the future state of the company. It should also be 

remembered that as a result of the crisis and the related state of uncertainty, the 

hierarchy of the expectations of employees also changes. Therefore, the surveyed 

companies undertake activities aimed at reinforcing their organisational culture by 

increasing the responsibility of employees for the organisation (36.7%), building an 

atmosphere of support and trust (32.4%), increasing the awareness of employees of 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   276 

 

 

the surveyed businesses (12.5%), showing the possibility of implementing new 

solutions in the company and indicating their usefulness (10.2%). Attention was also 

drawn to the new rules of functioning in the company (4.4%) and contact with 

customers (3.8%).  

COVID-19 has unfortunately significantly increased the level of stress and anxiety 

among the employees. The current situation shows the importance of implementing 

sustainable and inclusive mental health policies at the workplace. This is confirmed by 

the research conducted for the purpose of this article. Among the answers given, the 

most common were: ensuring a sense of employment security – 42.4%; need for 

open communication – 35.8%; offering more flexibility to employees – 14.6%; and 

remembering the individual needs of employees – 7.2%.  

After the analysis of the results, it can be concluded that in the case of the surveyed 

companies, micro companies showed the best response to the pandemic – as many 

as 68% of the surveyed considered that the actions taken by the employer were 

sufficient. In the case of medium-sized companies, the result was 56% and small 

companies – 53%. 

From the survey, the dominant trend in the organisational culture of the surveyed 

companies can be seen. It turns out that the pandemic is best handled by companies 

with a hierarchy and clan culture, followed by companies with a hierarchy culture. 

 

6. DISCUSSION 

The COVID-19 pandemic had quite a significant impact on the level of stress and 

anxiety among employees, which in turn contributed to the need for changes in the 

HR policy pursued so far. First of all, in order to survive, business managers have 

taken measures to implement tools that enable flexible working models and focus on 

an organisational culture that promotes caring for each other. In the first weeks of the 

pandemic, it became apparent how crucial it is to know how to take care of employees 

who are exposed to long-term stress, anxiety, or depression. Also due to the changes 

associated with the transition to remote work, it has become necessary to take into 

account the different needs of employees, depending on their gender, age and 

relationship status. Thus, respect has become even more important in the employee–

employer contacts. Another issue was the fears and prejudices against persons of 

other nationalities, who could be seen as groups with a higher risk of infection.  

Therefore, mutual understanding and taking care of those who may have encountered 

prejudice or discrimination play an important role.  

To answer the question: Does a crisis situation, such as COVID-19, change the set of 

norms and values that have so far been in force in the studied companies? It can be 

concluded that the crisis situation caused by COVID-19 has often forced companies 

to change the norms and values previously in force in order to survive and adapt to 

the pandemic. This situation could also have contributed to a better understanding 

and increased emphasis on creating a workplace that is friendly to those who bear 

parental or caring responsibilities. The current conditions for working from home, with 

flexible hours, now make it easier for parents to return to work e.g. part-time, using 

the available technology to connect with colleagues in the office. It also becomes an 

opportunity to increase the accessibility of jobs for new groups, including persons with 

disabilities. 

Will the so-called "new normal" bring a new organisational culture after the pandemic? 

It is clear that the current pandemic will leave its mark on society, that the "new 



277  

 

 

normal" will be different from the situation before the pandemic. However, despite the 

negative changes in many aspects, it may also contribute to some positive effects, 

such as a change in the attitude towards the employees through greater empathy and 

understanding, increased tolerance of flexible working hours or the creation of an 

organisational culture in which diversity, integration and belonging become the 

priorities. 

Is organisational culture still important in a pandemic? In answer to this question, we 

can say that it plays a key role in crisis situations, including a pandemic. Building it in 

the era of coronavirus is particularly important because the involvement of employees, 

their cooperation and identification with the company allow for good change 

management and help the company to survive a difficult period. The fact that 

organisational culture is also important for employers is evidenced by the results of a 

survey conducted by Qmatch, on 800 employees of various companies from all over 

Poland, employed in various positions for at least six months. According to them, for 

the Polish employee, the employer's values, and opportunities for development and 

self-fulfilment are the most important, and the salary amount was demonstrated to be 

more important than organisational culture only for 33% of the surveyed employees 

(https://www.pulshr.pl ). 

What changes enforced in companies by the current COVID-19 situation will remain 

for a longer period? The most important changes include the transition to remote 

work, the implementation of better technologies to improve mobile work, the increase 

of the proficiency of employees in new technologies, new workplace arrangements 

adapted to the situation or a change in the approach towards the employees.  

In the current, dynamically changing reality, nothing has affected the way many 

companies operate as much as the current pandemic. The transition to remote work, 

replacing teamwork with virtual work, using virtual tools results in the employees 

being increasingly more proficient in various technological solutions. Also, the 

previously mentioned values such as empathy, understanding, tolerance take on a 

different value. These changes also result in innovations in the organisational culture 

of companies.In conclusion, it can be said that all the hypotheses put forward in this 

study have been verified positively.  

 

7. CONCLUSION  

One of the key characteristics of crisis situations is the fact that they appear suddenly, 

usually unexpectedly. This was the case with the COVID-19 pandemic, which was a 

litmus test for the organisational cultures of multiple companies. A crisis situation, 

including a pandemic, is a time when companies can check whether they actually 

implement their declared values. They can also try and set new values, which they will 

gradually implement. This requires the introduction of a number of actions to help the 

company change the model of its organisational culture. However, it should be noted 

that changing the organisational culture is a long-term process and requires great 

consistency. 
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Abstract: In the era of strong economic development, one of the elements of  

a company's competitiveness is innovation. It determines the company's development 

and its success. Appropriate management of innovations in a company determines 

specific activities in the areas - search, planning, implementation, diffusion and 

control. Innovations can be about products, processes, organization and marketing. 

There are many innovations in the financial sector that increase the quality and 

efficiency of work. This article presents the results of a study conducted using  

a survey among financial services companies and companies that use a number of 

financial and accounting innovations in their activities to improve their activities in this 

area. The research was carried out at the end of 2019 in 40 enterprises of the SME 

sector in the Śląskie Voivodeship. The results of the research were compared with the 

prevailing trends both in Poland and in the world, based on publicly available reports 

and messages. Thegoalof this article is to draw attention to the level of innovative 

activity in the financial and accounting area of enterprises from the SME sector, and 

to identify and analyze the elements of managing these innovations in the explored 

enterprises. 

Keywords: innovations, enterprises from the SME sector, innovations in the area of 

finance and accounting, competitiveness. 

 

 

 

1. INNOVATIVE ACTIVITY IN POLAND AND IN THE WORLD – INTRODUCTION 

Innovation has a special role among the factors that influence the company's 

competitiveness. Regardless of the scale of the business, innovations affect the 

broadly understood development of the company. The origin of the word "innovation" 

comes from the Latin word "innowavio", which means renewal (PWN Encyclopedia, 

1980). It was first used by J. Schumpeter in economic sciences. He understood them 

as the introduction of a new product or method (Schumpeter, 1960). The concept of 

innovation has evolved over time. For example, Philip Kotler applied the concept of 

innovation to any good, service or idea that someone perceives as new. An idea may 

have existed for a long time, but it is an innovation for a person who perceives it as 

innovative (Kotler, 1994). Ricky W. Griffin had a different view of innovation than P. 

Kotler. He referred them to the activity and effort of an organization to develop new 
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products or services, or new applications of existing products or services (Griffin, 

2005). One of the most complete definitions of innovation seems to be the one quoted 

by many scientists, following the Oslo Manual (Oslo Manual, 2008). According to him, 

"innovation is the implementation of a new or significantly improved product (product 

or service) or process (Dereli, 2015), a new marketing method or a new organizational 

method in economic practice, workplace organization or relations with the 

environment" (Janiszewski and Siemieniuk, 2012). It should be remembered that in 

light of this definition, an innovation is a new idea or invention that will find practical 

application in the economy. 

There are many divisions of innovation. The classic division of enterprise innovation is 

the one in which product innovations (introducing a new product, item or service) and 

process innovations (introducing a new method of operation) are distinguished (Lewin 

et al., 2009). In addition, the literature on the subject distinguishes social innovations, 

including the introduction of new customs or social behaviors (Jamielniak and 

Koźmiński, 2011).There are also (Penc, 2003): 

 organizational innovations related to the organization of work and production, 

 the so-called eco-innovations that reduce or completely eliminate the negative 

impact of the production process on the natural environment,  

 marketing innovations that are related to marketing strategies, 

 technological innovations, which are aimed at introducing new production 

methods to improve the production process,  

 managerial innovations that are related to changes in the processes of 

managing the enterprise. 

The implementation of innovations in an enterprise is always accompanied by 

change. This, in turn, generates different behaviors of the organization as a whole and 

of employees as individual members (Yidong and Xinxin, 2013). Resistance and 

flexibility are two different attitudes of the organization as a whole to the changes 

brought about by innovation (Yoo et al., 2012). Organizational culture has a significant 

impact on the success or lack of it in the effective implementation of innovations in the 

enterprise(Wojtczuk-Turek and Turek, 2015). 

Innovation for a company can be both an opportunity and a threat. The 

implementation of innovations in the enterprise always carries a potential risk (Fáykiss 

et al., 2018). There are many barriers that may constitute the failure of implementing  

a given innovation in an enterprise. The literature cites, in particular (Schoemaker et 

al., 2018): 

 functioning under the pressure of current problems and matters to do,  

 lack of management continuity and the related tendency of managers to start 

all over again,  

 lack of respect for the achievements of their predecessors, 

 low level of social capital,  

 low level of mutual trust among individuals, etc. 

The condition of Polish enterprises in relation to the level of innovation has been 

presented in the latest report by the State Agency for Enterprise Development (PARP, 

2020). The results of the report entitled "Monitoring the innovativeness of Polish 

enterprises - the results of the third edition of the survey - 2020" indicate several facts 

about the innovativeness of Polish enterprises before the pandemic period. 

They are as follows (PARP, 2020): 
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 34.7% of companies operating in Poland were innovatively active in 2017-

2019, which means that they introduced or tried to apply at least one 

innovation in the company's operations, 

 30.1% of companies can be described as innovative, i.e. those that have 

introduced at least one innovation, 

 the share of innovative companies, broken down by company size, is: 29.2% 

among micro-enterprises, 38.7% - small enterprises, 43.3% - medium and 

56.7% - large enterprises, 

 the influence of external factors on the innovativeness of companies 

increased, 

 Polish enterprises introduce business process innovations more often (24.5%) 

than product innovations (13.1%), 

 new innovations were introduced more often on the company scale - 25.7% 

than on the market scale - 6.1%, 

 innovative activity of Polish companies is primarily investment outlays in fixed 

assets, purchase of machinery and equipment (including computer hardware), 

means of transport and other, 

 the main source of innovation in Polish enterprises is the management staff 

(70% of innovation active companies), secondly - the external environment of 

the company: customers, suppliers and competitors (54%), 

 70% of all innovatively active companies cooperated with clients in the field of 

innovative activities, almost half (46%) with suppliers, and one fifth (22%) with 

competitors and other enterprises, 

 among the benefits of conducting innovative activities, entrepreneurs indicate: 

improving the quality of customer service (54%), increasing the ability to adapt 

to customer requirements (51%), improving the quality of products and 

services (51%), increasing work efficiency (43%), and also acquiring new 

customers (43%), strengthening the brand (43%), increasing sales (37%) and 

increasing net profit (33%), 

 barriers to the development of innovation are market-based: strong 

competition in the industry (55% of innovation-active companies) and shortage 

of qualified employees (41%) and administrative: bureaucracy (45%) and 

inflexible legal regulations (42%), 

 in the opinion of innovatively inactive companies, the most important barrier to 

starting and running an innovative activity is the belief that it is not justified 

because it is not necessary in a given industry to achieve market advantage 

(41%). 

The countries such as Denmark, Sweden, the Netherlands, Finland, Norway and 

Iceland are considered leaders in implementing various types of innovations in 

enterprises. For the so-called In turn, the following countries are recognized as 

“average” in implementing innovations in enterprises: Belgium, Great Britain, Estonia, 

Luxembourg, Ireland, Germany, Lithuania, Spain, Austria, France, Malta and 

Portugal. The "outliers" in terms of implemented innovations include: Czechs, 

Latvians, Slovenes, Hungarians, Slovaks, Poles, Croats, Italians, Greeks, Bulgarians 

and Romanians (Kisielnicki, 2016). 

One of the areas in which many changes related to the implementation of innovations 

have occurred are finance and accounting. The dynamics of the development of IT 
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systems, especially in the field of financial and accounting services for enterprises, 

forced the implementation of innovations, the task of which was primarily to improve 

the work of the organization in this area (Gomber et al., 2017). This article is an 

attempt to penetrate the issues related to the management of innovations in the area 

of finance and accounting in Polish enterprises of the SME sector. 

 

2. METHODOLOGY OF RESEARCH 

The research was conducted with the use of a questionnaire on innovation 

management in the financial sector of small and medium-sized enterprises. The 

research group consisted of enterprises providing financial and accounting services 

and enterprises that use innovations in the discussed area in their activities. The 

questionnaire was obtained electronically from randomly selected enterprises. The 

selection criterion was the classification to the SME sector and the use of innovations 

in the area of finance and accounting. The process of obtaining the questionnaires 

lasted 3 months. 63 responses (questionnaires) were obtained, of which 40 correctly 

and correctly completed questionnaires were selected for analysis. The proprietary 

questionnaire consisted of 3 parts. The first part concerned the characteristics of the 

investigated company, the second part was a package of information characterizing 

the respondent, while the third part contained 10 problem questions related to the 

topic. For the most part, the respondents were to evaluate the presented concepts 

and phenomena on a scale from 1 to 5. The higher the declared value for a given 

problem, the more the respondent agreed with it. The results presented in this article 

are part of a larger whole. 

 

3. RESULTS 

Based on the results obtained, the following information about the study was 

obtained.Well, out of 40 economic entities analyzed, 18 belonged to small enterprises 

(9-49 employees), 17 belonged to medium-sized enterprises, and to the smallest 

economic entities - 5. The type of activity of the analyzed enterprises is presented in 

Figure 1. The services were provided by 19 analyzed enterprises, 16 enterprises 

declared production activity, while 5 enterprises declared trade activity. 

 

 
Fig. 1. Type of activity of the analyzed enterprises 

 

The range of activities of individual enterprises is characterized by collective 

information in Table 1. Local coverage was declared by 3 enterprises, regional 

5

19

16

trade services production
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coverage by 20, and nationwide coverage was declared by 7 surveyed business 

entities. 

 

Table 1 

Type of activity of the analyzed enterprises 

Business range of enterprises 

local regional nationwide 

3 20 7 

 

Among all respondents who underwent the survey using the questionnaire, 18 

declared being the owner of the surveyed enterprise, while 12 respondents declared 

work in a managerial position. The remaining respondents - 10 people - declared the 

employee's position in the survey. 24 women and 16 men answered the questions in 

the questionnaire. The overwhelming number of respondents constituted a group of 

employees with work experience between 5-10 years (27 employees). 10 employees 

declared their work experience in the range of 11-15 years. Only 3 people, in turn, 

declared work experience in the range of 16-20 years. 

The following data was obtained from the information obtained from the respondents. 

Well, the majority (38 enterprises) declared that the company they work for is open to 

new solutions (assigning 4 and 5 points). Only two respondents did not indicate this 

feature as dominant (they assigned it only 2 points from a 5-point scale). 

The same respondents assigned the maximum number of points to the statement that 

their company works in partnership with customers, trying to develop solutions for 

them.The respondents indicated the main reason for introducing innovations in 

companies: 

 regulations,  

 company development, 

 market needs, 

 facing competition on the market, 

 desire to improve work, 

 desire to increase profits. 

In the study, the respondents were asked by means of a questionnaire what motivates 

employees to generate innovative solutions in the company. The highest (4 and 5 

points) were the respondents assessed the organization of work, the possibility of 

promotion, as well as the possibility of personal development and professional 

development.They assigned lower scores (1 and 2 points) to the following factors: 

 the opportunity to participate in additional training, 

 access to knowledge and information, 

 responsibility for finding new ideas. 

The respondents also indicated the characteristics of employees that, in their opinion, 

help to generate innovative solutions. They are presented in table 2.  
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Table 2. 

Characteristics of employees helping to generate innovative solutions in the surveyed 

companies in the opinion of the respondents 

Feature Number of respondents assessing on a 5-point scale (the higher the 

value, the more desirable and important in generating innovative 

solutions) 

1 2 3 4 5 

Learned 

knowledge 

0 5 24 9 2 

Experience 0 6 20 8 6 

Diligence 0 0 10 10 20 

Assertiveness 0 0 7 12 21 

Resilience to 

failure 

2 5 10 8 15 

Commitment 

to work 

0 0 5 17 18 

Honesty 2 4 19 5 10 

Efficiency 3 4 10 13 10 

Creativity 0 0 5 15 20 

Ability to 

solve 

problems 

0 0 10 17 13 

Ability to work 

under 

pressure 

0 5 17 10 8 

Ability to 

cooperate 

with other 

employees 

0 0 2 10 28 

Ability to 

cooperate 

with external 

institutions 

2 5 20 7 6 

Express your 

opinion 

accurately 

6 10 14 5 5 

Being up to 

date with the 

news on the 

market 

0 0 15 20 5 

Fluent 

knowledge of 

the industry. 

0 0 10 17 13 

 

The following employee characteristics were given the strongest scores (4 and 5 

points) on a 5-point scale (according to the respondents), which help to generate 

innovative solutions in the company: 

 diligence, 

 assertiveness, 

 commitment to work, 

 creativity, 
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 ability to solve problems, 

 ability to cooperate with other employees, 

 being up to date with news on the market, 

 fluent knowledge of the industry.  

Finally, the respondents were asked to indicate which of the presented innovations in 

the area of finance and accounting were implemented in their enterprises. 

Additionally, the respondents could suggest what was the main source of financing  

a given innovation. Table 3 presents the summary results of this part of the study. 

 

Table 3 

Innovations in the financial and accounting area implemented in the surveyed company 

Innovations Number of respondents 

e-invoices 40 

Bar codes 40 

RFID tags             16 

Hybrid accounting 35 

Mashup technology 30 

Accounting platforms 40 

 

The research shows that all enterprises have implemented e-invoices, bar codes and 

use accounting platforms. Subsequently, the respondents declared the 

implementation of such innovations in the financial and accounting area as hybrid 

accounting, Mashup technology. Only 16 of the surveyed companies have 

implemented RFID labels. The main source of financing for the innovations 

implemented by enterprises was given by the EU subsidies (20 enterprises), own 

funds (35 enterprises) and bank loans (10 enterprises). It should be noted that the 

implementation of individual innovations could be implemented using more than one 

source of financing. 

The respondents also indicated the benefits of the innovations implemented in the 

financial and accounting area. Out of over 30 benefits indicated in the questionnaire, 

the highest score (4 and 5 points) was obtained: 

 increase of modernity of the company, 

 attracting new customers, 

 working time reduction, 

 reducing the company's operating costs, 

 reducing the number of errors compared to previously used traditional 

methods, 

 access to information on a regular basis, 

 modernizing the way the company is managed. 

The presented results of the conducted research are part of a larger whole, which is 

the subject of further research and considerations. They will be presented in 

subsequent scientific papers by the author of this article. 

 

4. DISCUSSION 

Innovations improving the processes and procedures of enterprises' operations in the 

area of finance and accounting are not a big novelty these days. Many of them were 

introduced as a result of legal and organizational changes. According to the 

conducted research, Polish enterprises are increasingly turning to innovations in the 
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area of finance and accounting. Employees of the SME sector more and more often 

believe that their company is open to new solutions and changes. The reason for 

introducing innovations is not only the compulsion dictated by legal changes, but also 

the company's development, market needs, facing competition on the market, the 

desire to improve work or the desire to increase profit. In turn, the individual 

motivators for generating innovative solutions in the company are the organization of 

work, the possibility of promotion, personal development and professional 

development.Employees see many opportunities in implementing innovation not only 

for the organization as a structure that needs to be effectively managed, but also for 

the development of the individual. The features that help them do this include: 

commitment to work, creativity or the ability to cooperate with other employees. These 

are features that employees appreciate more than learned knowledge or precise 

expression of opinions. Social skills and competences, as well as creative thinking 

and diligence are the features of an employee who is open to changes resulting from 

the implemented innovations. In the surveyed enterprises of the SME sector, the 

financial and accounting area was dominated by the implementation of such 

innovations as accounting platforms, e-invoices, bar codes and hybrid accounting. 

The sources of financing for these innovations indicated not only the EU subsidies, 

but also their own funds and bank loans. This proves the growing awareness of the 

need to implement improvements and innovations in the discussed areas. Despite the 

fact that Polish enterprises are not in the forefront of countries where the level of 

innovation is high, in the light of reports, this area of activity of Polish enterprises 

gives hope for a "better tomorrow". The trends in the activity of Polish enterprises in 

implementing innovations, including information in the financial and accounting area, 

show a slight increase compared to previous years. Unfortunately, changes related to 

the pandemic in the world may change the trend. Therefore, it is very important to 

continue to monitor the economy and the behavior of enterprises in relation to 

innovation. 

 

5. CONCLUSION 

In the era of a dynamically developing economy, innovations are a natural response 

to market needs. They are about the company's competitiveness and attractiveness. 

And although Polish enterprises are far from the level of implementing innovations, for 

example in Swedish or Norwegian enterprises, we understand the need for their 

implementation and the need to manage them better and better. Unfortunately, the 

question naturally arises as to how the pandemic will affect the approach of 

enterprises to innovation. Today, digital transformation has become not only a choice 

but a necessity. It is also an opportunity for many enterprises that, without this 

alternative, could be doomed to failure. In the light of reports and reports, there is  

a growing interest in solutions enabling the provision of remote work, e-commerce or 

customer service via the Internet. Mobile technologies, cloud solutions, artificial 

intelligence and business analytics are used more and more often. All this will 

probably have a positive impact on the next data on innovative activity of enterprises 

and will probably be continued in the coming years. Automation and digitization of 

processes requires new competences and investments. It is also still necessary to 

remember that the possibilities of introducing changes largely depend on the 

specificity of the industry. While in the industry providing financial and accounting 

services, changes resulting from implemented innovations largely use IT tools, there 
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are industries that provide services such as tourism, hotel, event, cosmetic, 

hairdressing, etc., which still depend on the physical presence and work of a human 

being. . For this reason, the subject related to the implementation of innovations in 

enterprises but also in private (everyday) life seems to be the one that will be subject 

to further scientific penetrations and discussions. 
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Abstract: In the age of the information society, determined by the evolution of digital 

technology, information has become an essential element of the functioning of every 

human being. Its acquisition, processing and distribution serves to satisfy the key 

areas of society's life and constitutes a necessary component of every decision-

making process. These days became dominated by the increasing demand for 

information. The problem of its protection against unwanted obtaining (disclosure) has 

become a challenge for many scientific communities. This state of affairs has forced 

us to take a number of steps to ensure the security of useful information, 

characterized by accuracy, unambiguity, completeness and authenticity. The problem 

of information security is inseparably linked to the threats present in the cyberspace 

environment. They are commonly identified with the so-called computer crime, 

resulting in factors like: infiltration, obtaining passwords and other data used for 

logging in, identity theft, damage (blocking) of systems and their software. Information 

manipulation is a completely different and underestimated threat to rational decision-

making process. Wherefore, useful information that is characterized by the expected 

properties, is exposed not only to destruction or unauthorized acquisition, but also to 

distortion. Rising anxiety about the credibility of the information received in the virtual 

space and the sources of its transmission forced the need to distinguish the real form 

from the one that was modified. The presented conditions prompted the author to 

propose solutions with regard to information security, determined by the difficulty of 

obtaining it and manipulating it. 

Keywords: cyberspace, cyberthreats, information society, heuristic methods, 

manipulation 

 

 

 

INTRODUCTION 

Having information is an unquestionable advantage of making all decisions rationally. 

In other words, information has crucial meaning for solving decision problems. Lack of 

information about the surrounding reality makes a person helpless, and thus 

ineffective in their actions. The functioning of all areas of the modern world, e.g. in the 

social, political, economic, and national security areas - depends on the availability of 

information resources and usefulness which is defined as credibility, timeliness and 

accuracy. A particular need for information understood in this way is observed while 
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solving complex decision problems (difficult to predict or with a structure that has not 

been seen so far). Therefore, the question arises: what methods can be used of which 

the implementation would help to solve decision-making problems in the period of 

information deficit? 

Due to the developing technology of cyber threats, the institutions responsible for 

information security have focused their main efforts on monitoring and analyzing 

them, notifying interested entities about recorded incidents,  response in terms of 

combating their effects, as well as using measures to increase system defence. 

In relation to the current objects of attack, in the recent period (NASK, 2019), the 

phenomenon of disseminating false information, referred to as disinformation, has 

been observed. Disinformation has become the basic tool of manipulation of which 

the spectrum of disinformation techniques is increasingly used in the media space. 

Therefore, another research problem was created in the form of the question: are 

there any ways to limit manipulation of the information? 

 

SELECTED DETERMINANTS OF INFORMATION SECURITY 

Since the production, gathering, distribution and, above all, use of information are  

a significant feature of the present day, it can be assumed that it is an indispensable 

component that serves man in every area of his functioning. Its lack or significant 

limitation is a problem in many processes, e.g. hazard identification. It is essential in 

the decision making process. 

The effects of decisions will depend on the quality, quantity, timeliness and credibility 

of information. As part of the quality of information, its accuracy can be taken into 

account which is often defined by the recipient's requirements (with regard to its 

purpose, management level or command).Having information about the expected 

parameters is particularly important while solving complex situations that require 

making the right decisions in a short time. Such conditions accompany, for example, 

crisis situations initiated by various security threats. The crisis management process 

is determined by a number of factors, including: the specificity of a crisis situation, 

system effectiveness, as well as response time conditioned by the availability of 

information on threats. 

The most important factor determining the correct identification of the causes, scale 

and effects of crisis situations are the limitations causing the information 

indeterminacy. Its determinants are gaps information and information distortions 

caused by intentional or accidental actions. The problem of making decisions in 

conditions of incomplete information or its complete loss required research.  

On the basis of the obtained research results (Gałecki, 2005), it was found that due to 

the availability and quality of information, deterministic and nondeterministic decisions 

can be distinguished. In the first case, when decisions are made on the basis of right 

time of receiving, complete and reliable information, it is accompanied by the so-

called certainty conditions. From the point of view of the decision-making process, this 

is a comfortable situation, which, unfortunately, is not always the case. Usually, when 

information is incomplete or lost for various reasons, we are dealing with uncertain 

(undefined) states. In such conditions, decision-makers use the advantages of 

intuition, which is conducive to the ability to predict the development of a specific 

event.  

When to use algorithmic rules and when to use heuristic rules? The main difference 

between the routine approach (using algorithms) and the creative approach (using 
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heuristics) is that the first approach always produces a solution, while the creative 

approach is not always effective. Algorithmic rules, in comparison with heuristic rules, 

are reliable, i.e. they guarantee the solution of the task. They can have universal 

application, directed to a specific class of tasks. They are defined, i.e. they contain  

a defined chain of operations that must be performed in order to achieve the assumed 

goal. The basic condition for its fulfillment is to have useful information.  

The undoubted advantage of heuristic rules is the possibility of applying them in 

situations of information indeterminacy. Although they are "slower" than algorithmic 

rules, they provide a chance for ultimate success in the process of solving decision 

problems. Although they are "slower" than algorithmic rules, they provide a chance for 

ultimate success in the process of solving decision problems. Decision-making 

practice provides many examples that the existing information gaps are a frequent 

cause of risky decisions which the effects are not fully predictable. 

On the basis of the research conducted in the field of the application of heuristic 

methods, the ones whose properties favor solving information problems were 

distinguished. One of them is synectics (developed by W. J. Gordon), the essence 

which comes down to applying analogies to the subject of research (e.g. a specific 

event) and other circumstance seemingly having nothing in common. Due to its 

properties, the analyzed process can also use lateral thinking (created by Edward De 

Bono). Its characteristic feature is the resignation from template (ready-made) 

regulations in favor of unconventional actions, expressed in the lists of associations 

created for this purpose. The association function is also specific to the superposition 

method. Another proposal in this regard are the so-called availability (knowledge) 

heuristics, the idea of which is reduced to automatic inference based on the 

availability of memory traces. Gerd Gigerenzer, noticing its advantages, emphasized 

that it is a method that can be used in all conditions. In further considerations it was 

assumed that in the so-called Information uncertainty, the basic tools for creative 

solution of decision-making tasks should be: situational association, discovering facts, 

predicting events, the last of which would be based on extrapolation. Heuristic 

forecasting can be classified as a derivative of the above-mentioned methods, it 

makes it possible to predict circumstance that cannot always be presented by 

analyzing past facts. It is also identified with some features of intuition, therefore it can 

be concluded that on the basis of it, the experience of specialists and the ability to 

associate information, it is possible to make forecasts of the phenomenon we are 

interested in.  

The occurring cases of information deficit are not something isolated and may result 

from the limited possibilities of obtaining or distorting its reception. In the Claude 

Shannon-Weaver model of information transfer, the process of communication 

between the sender and its recipient is included, in which the ideal state is the 

compliance of the received information with the content sent. In practice, we are 

dealing with a variety of intentional or accidental disturbances, perceived in terms of 

information security threats (the model takes into account the possibility of 

disturbances occurring during the signal flow through the channel, called it noise). 

The concept of information security is defined as "a set of actions, methods and 

procedures undertaken by authorized entities, aimed at ensuring the integrity of 

collected, stored and processed information resources by securing them against 

undesirable, unauthorized disclosure, modification or destruction" (Potejjko 2009). 

The environment in which there is unlimited communication (information exchange) is 
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cyberspace. It created perfect conditions for the comprehensive satisfaction of social 

needs, economic development and security, and at the same time multi-spectral 

threats to information and the systems processing it. Functioning in the information 

society, we do not usually wonder from what sources we receive information and 

whether it is fully reliable. Such doubts result from the widespread use of widely 

understood manipulation, which until recently was considered as harmless way of 

influencing humans. Today, its importance for the functioning of society, the operation 

of systems, organizations and the state is noticed and treated as a priority by many 

scientific circles. We come across the term manipulation very often.  

Manipulation has different meanings and refers to various fields, but most often it is 

used in psychological terms (Grzywa, 2013). In this area, manipulation means a way 

of influencing another person, their way of thinking, opinions without their knowledge. 

There is also an opinion that manipulation to some extent violates the freedom of 

another person, affects their attitude, views and even behavior. According to the 

Dictionary of Foreign Words, manipulation is a sneaky use of some circumstances, 

bending, distorting facts in order to direct someone without his knowledge, influence 

other people's affairs, for their own benefit (Lost Spaces, 1995).  

This term comes from the Latin "manus pellere", which means "to hold someone in 

someone's hand, to have someone in his hand" and means (broadly speaking) 

"influencing a person, using him against his will" (Hanas, 2000). The concept of 

manipulation or social manipulation (generally a negative term) appeared in social 

sciences in the 1980s (Harwas-Napierała, 2005). This term describes such a way of 

influencing other people, the mechanism of which is to be hidden from people 

subjected to its influence. This term describes such a way of influencing other people, 

the mechanism of which is to be hidden from people subjected to its influence. It is 

usually characterized by an indirect influence on consciousness, as well as a specific 

intention and purpose of this influence. Manipulation, therefore, is the intetional and 

deliberate control of the behavior of a person, a social group subjected to the 

influence. The condition for effective manipulation is its imperceptibility (Grzywa, 

2013). Manipulation has become a technical term that describes a whole series of 

procedures that make it easier to influence someone's decisions (Babik, 2011).It also 

means maneuver, trick, guile. It is the ability to govern others, based on the 

knowledge of the principles of command, to conduct negotiations in order to get the 

partner to change his mind (Cialdini, 2009).  

An example of the use of the first type of manipulation are the rules also referred to as 

stratagems, developed for the purpose of war by Sun Tzu. Currently, the strategic 

theses of one of the greatest thinkers of the Far East and the German philosopher 

Artur Schopenhauer are applied in business, politics, in organized and unorganized 

activities, as well as in the cyberspace environment. 

 We can also manipulate with actions, words, gestures, facial expressions (non-verbal 

communication), smell, as well as sound and image. The methods of word 

manipulation were presented, inter alia, by Artur Schopenhauer in the space of the art 

of dispute (Schopenhauer, 1997). In times of mass information transfer, we become 

its recipients and distributors. There is no doubt that an image (photos, graphics, 

caricature, etc.) is an excellent form of influencing human consciousness, view, and 

attitude. Skillful transformation (deformation) of the real image creates the conditions 

for the reception expected by its sender. 
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One of the manipulation tools is disinformation, the importance of which in the CERT 

Polska report was defined as one of the major challenges for information security. 

Falsifying information has become a practice used by cybercriminals as well as an 

information warfare tool. Due to the significance of this threat, NASK PIB has 

prepared a separate report "The phenomenon of disinformation in the era of the digital 

revolution" devoted to the social, economic and psychological aspects of 

disinformation (NASK, 2019). 

Contemporary disinformation has taken many different forms, such as hostile 

propaganda, ideological subversion, trolling, and malicious moderation of discussions 

on forums and social media. It often uses measures that are tailored to the specifics 

of countries, societies and specific target groups to distort the truth, sow distrust or 

raise doubts (NASK, 2019). Disinformation can be perceived as an advanced formula 

of communication, interfering with the recipient's decision-making process, the 

purpose of which is to evoke a view, decision, action or lack thereof, in accordance 

with the assumption of the center that planned the process of misleading the recipient. 

The subject of distorted message may concern political aspects, conspiracy theories, 

existing and prognostic threats (e.g. pandemic development), etc. 

 

PROPOSALS CONCERNING THE SELECTION OF INFORMATION 

The popularization of the Internet, the use of various social networking sites and 

platforms has resulted in measures to counteraction disinformation and its harmful 

impact on the formation of views and democratic processes. Following the published 

Communication of the European Commission of April 26, 2019, another very 

important document was adopted - the Code of Conduct on Combating Disinformation 

was a form of self-regulation of the business sector and was developed by 

representatives of online platforms, the advertising industry and the media, with the 

support of academia and civil society ( NASK, 2019). On this basis, a number of 

initiatives were undertaken aimed at reducing the negative potential of disseminating 

false information. Among others, representatives of Google, Facebook, Twitter and 

Mozilla have undertaken self-regulatory actions in this area, in order to reduce the 

phenomenon of disinformation in the Internet space. 

Obviously, falsifying information is one thing, and influencing the perception of 

occurring phenomena, masking what is important in the context of decisions made, is 

another. The use of manipulation techniques may also have the dimension of a 

specific "investment" in the strategic intentions of its initiator. There are examples of 

the use of algorithms to determine the psychodemographic profile of global network 

users (Doliwa, et al., 2018), used to identify the vulnerability of global network users to 

various types of events (e.g. in the political dimension). 

Is it possible then to select reliable information from its distorted form? In airspace 

recognition systems for selecting useful information against the background of 

imitating disturbances, created in order to make it difficult to detect and track actual 

information about the air situation, specialized anti-jamming systems are used. On the 

other hand, the IFF (Identification Friend or Foe) system is used to assess the 

reliability (type and nationality of an aircraft or other unit). Its operation is reduced to 

sending a query from the interrogator to a transponder on board the aircraft, as 

 a result of which the transponder responds to its content in a strictly defined manner. 

Based on the existing solutions in the technology of radar reconnaissance systems, in 

relation to information posted in the Internet space, the key in determining its 
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authenticity is the identification of the source of the sender (Fig. 1). A solution 

proposal in this respect would be the use of signatures (identifiers) containing the 

characteristics of the sender and the type of information. On the basis of the 

association function, which is a common feature of the heuristic methods presented in 

this paper, and the comparison of the sent message with information from other 

sources (in relation to the "best representative"), it is possible to solve the problem 

formulated in this way. Moreover, in order to check the reliability of the information 

source, it would be reasonable to assign a trustworthy status, and the selection of the 

actual information can be made based on the authentication algorithm. The model of 

the layered structure of communication protocols (Transmission Control Protocol / 

Internet Protocol - TCP / IP) uses a simple, but above all effective user verification 

mechanism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. General information verification scheme 

 

Another solution for authentication is to attach a key (Message Authentication Code - 

MAC) to the message. It should be borne in mind that the use of the universal key 

does not ensure the security of the transmitted information. In the era of cyber threats, 

intercepting it with the attached code should not be a big problem (nowadays it is 

done by specialized programs). For this reason, to ensure integrity and authenticity, 

each piece of information should be randomly assigned unique keys (secret keys) that 

identify the credibility of the source and the content of the information. 

 

CONCLUSION 

An in-depth analysis of what the heuristics offers fix the author of this study in the 

belief that the implementation of some of the methods presented to solve decision 
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problems in situations of information indeterminacy is possible. The conducted 

research proves that the most favorable conditions for this goal would be: 

morphological analysis, lateral thinking, superposition, but most of all symbolic and 

direct analogy and the synectic method. 

Information indeterminacy may also be caused by information manipulation, which not 

only has become a common phenomenon, but also a "norm" in the functioning of 

many environments in our lives. Such a state of affairs threatens its rational 

assessment, because among many distorted (false) contents of information, those 

that are true information may be omitted. For this reason, one should strive to obtain 

useful information, the main determinant of which is its credibility. It can therefore be 

assumed that in this aspect, information security in the era of cyber threats becomes 

more and more important. 

The development of science contributed to, inter alia, easy communication and 

exchange of all information by users of the global Internet network, creating conditions 

for its unauthorized interference and criminal use. In the environment of a dynamically 

changing world, in order to maintain an acceptable level of human functioning, it is 

necessary to take actions limiting the possibility of interfering with the possessed 

information resources. Due to the changing conditions of information security in the 

cyberspace environment, the results obtained in this area should be implemented and 

verified in accordance with the Deming cycle. 
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Abstract: The publication discusses the concept of modern embedded systems that 

can be programmed and build in bigger systems in order to ensure the safety of 

people with disabilities. Article presents the definition of embedded system and, also, 

introduces the definition of the author. What is more, article briefly presents the most 

popular and developed in the fastest way exemplary systems: ARM, STM32, 

Raspberry PI, Sony Spresense and NvidiaJetson. Moreover, the main reasons were 

described why the embedded systems are used in more and more solutions and the 

factors that strengthen this trend have been noted: labor costs reduction through 

automation, reduction of costs of development of a new product through the possibility 

of making quick changes and reduction of product testing time, value creation 

potential and, also, the way to individualize the possibilities of electronics. Also, the 

examples of usage of those systems were presented. Finally, the practical side of 

programming and testing the embedded systems were described: ‘radar‘ (a torch) for 

blind people, help with balance disorders and the device to help with problems with 

orientation in space. In the conclusions, author shapes the estimated potential future 

of electronics supported with modern embedded systems, which as author believes 

makes this article the comprehensive study. 

Keywords: embedded systems, disability, ensuring safety, programmable 

prostheses, intelligent prosthetics. 

 

1. INTRODUCTION 

According to Omni Sci website, an embedded system is a microprocessor-based 

computer hardware system with software that is designed to perform a dedicated 

function, either as an independent system or as a part of a large system. At the core 

is an integrated circuit designed to carry out computation for real-time operations. 

Besides the official definition, the author would like to present his own definition: An 

electronic chip that is possible to be programmed and, as a result of programming, is 

possible to control other, generally much larger, system or systems. The introducing 

own definition is important to the author, because, despite the simplicity, it 

understands the embedded system just as a chip, not a computer system itself. This 

tiny difference, according the author is relevant, because in nowadays world, for 

example, when talking about electronic calculator or electronic quartz hand watch (not 

a smartwatch!), not many people think about computer. In past, any electronic device 
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that had capabilities to count and be programmable in some tiny part was perceived 

as computer system. Now it is the other way. That is why the author presented his 

own definition and believes it it is more suited to our times: the embedded system 

understood as a chip that can be a part of computer, but does not have to. That chip 

can be simply a controller or, to be more specific, a micro-controller. The review of 

new technology and methods can by find in some scientific works (Alavi and Leidner, 

1999; Buhalis and Law, 2008; Daugherty, et al., 2005; Klimecka-Tatar and Ingaldi, 

2020; Schwenk, 1986; Thompson and Bee, 2000; Wright , et al. 1998). 

 

2. METHODOLOGY OF RESEARCH – THE NOWADAYS EMBEDDED SYSTEMS 

In the beginning, it must be emphasized that there has been developed very many 

embedded systems on the market by now. The reason of such situation is high level 

of specialization of embedded system that can be obtained at reasonable cost. Now, 

embedded systems (also called micro-controllers) are common to be used in many 

places. The great examples are: control panels in cars, vehicle infotainment systems, 

air condition control panels, and so on. The challenge was to design one embedded 

system that could serve in many places. It happened, for example the very same 

electronic chip could be built in car infotainment system and electronic books reader. 

However, the last years brought the new trends in embedded systems that are easier 

to input signals from many new types of sensors, easier to program (also with 

implementation of very state of the art solutions and approaches) and far more power-

efficient. This is important, because there is general need to make societies feel more 

positively about new energy technologies, to reduce the consumption of fossil fuels in 

the world, not to overuse the possibilities of our planet. Above mentioned aspects 

enabled to design and make a very flexible in the meaning of multi-use embedded 

systems that have significantly high potential to recreate our reality. The exemplary 

main embedded systems that fulfill the above conditions have been presented below. 

 

2.1. The examples of embedded systems based on ARM  

ARM is the abbreviation of ARM Holdings PLC, the British company that develops the 

ARM architecture, which stands for Advanced RISC Machine, (originally in past called 

Acorn RISC Machine) - 32-bit and 64-bit architecture of RISC processors. Various 

versions of ARM cores are widely used in embedded systems. They are characterized 

by low power consumption through entire energy-saving architecture, implemented 

multi-threading mechanisms, with the possibility of using the TCP / IP stack contained 

in the system or a file system (eg FAT32). ARM-based processors are one of the 

most widely used processors in the world. They are used, among others, in hard 

drives, cell phones, routers, calculators and even in children's toys. In 2005, nearly 

1.7 billion processors based on ARM technology were produced, which accounted for 

75% of all 32-bit processors on the market. From the software-side point of view 

various specifically designed operating systems can be installed on ARM-based 

solutions: Windows CE, FreeBSD, NUTOS (Ethernut), Embedded Debian Linux, 

Embedded Ubuntu Linux and more. 

 

2.2. STM32 

STM32 is a family of 32-bit microcontroller integrated circuits produced by 

STMicroelectronics. The STM32 chips are grouped into related series that are based 

around the same 32-bit ARM processor core. Each product in series is specified to be 
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for example more powerful or more energy saving, designed to be suitable to 

concrete solution. From the legal perspective, ST Microelectronics licenses the ARM 

Processor IP from ARM Holdings, presented above. The ST company uses the core 

design delivered by ARM in the ST individual configuration. It can be said that ST 

Microelectronics  develops the core idea of ARM. This development of this idea is 

easy to observe in ST own peripherals attached to its products.  

 

 
Fig. 1. The STM32 solution with ARM chip on development discovery board 

 

2.3. Raspberry PI 

Unlike the previously presented solutions, Raspberry PI is a true computer system. 

Despite the Broadcom BCM2835 chip embedded system, the Raspberry PI is 

equipped with USB ports, RJ45 connector, has the HDMI port and is able to connect 

via WIFI. It is also worth to mention that this platform has comparable to ordinary 

computers amount of RAM memory (up to 8GB RAM in December, 2020) There is 

even the do-it-yourself project transforming the Raspberry PI system into a laptop. 

Moreover, after the installation of one of the dedicated operating systems (Raspberry 

PI OS, Windows IOT, Linux Ubuntu) it is possible to use it like common, ordinary 

computer machine with graphical interface. In contrary, Raspberry PI is equipped in 

GPIO ports. GPIO stands for General Purpose Input/Output ports. This set of 

connections enables Raspberry to cooperate with many sensors and controlled 

devices. It is possible to run emulators of many other systems and work as a platform 

for old games, hard to be run on modern computers. 

 

 
Fig. 2. The Raspberry PI computer with radiators mounted  
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2.4. Sony Spresense 

The embedded system delivered by Sony is a compact development board based on 

a Sony CXD5602 microcontroller with an ARM Cortex M4F Hexa-Core 156 MHz core. 

The microprocessor has an integrated GNSS system supporting GPS, QZSS and 

Glonass. Built-in advanced 192kHz / 24-bit audio codec and amplifier for audio output 

and support for output channels up to 8 microphones. The module also has an input 

for a dedicated camera. 

 

2.4. NvidiaJetson 

The NvidiaJetson solution is a series of embedded computing boards from Nvidia. 

The Jetson TK1, TX1 and TX2 models all carry a Tegra processor (or SoC) from 

Nvidia that integrates an ARM architecture central processing unit (CPU). Jetson is 

 a low-power system and is designed for accelerating machine learning applications. 

The NvidiaJetson stands out with high compute possibilities thanks to comparably 

powerful microprocessors. Those systems are also equipped with many GPIO ports 

and highly efficient radiators. On the other hand, they use more power than 

competitive solutions. NvidiaJetson is most often used in places where comparably 

large amount of data must be processed instantly or no even minor delay is allowed. 

 

3. RESULTS – THE MULTITUDE OF REASONS FOR EMBEDDED SYSTEMS 

There are many reasons for embedded systems to be used in the development 

projects as well as in many industries in the economy. Modern economy requires fast, 

effective and power-efficient solutions. That is why, more and more companies needs 

unified technologies, designed in the way that is scalable and easy to transform, 

supporting automation and with huge potential for cost reduction. In points, the main 

reasons for usage the embedded systems are as following: 

    • Labor costs reduction through automation, 

    • Reduction of costs of development of a new product through the possibility of 

making quick changes and 

    • Reduction of product testing time, 

    • Value creation potential, 

    • A way to individualize the possibilities of electronics.  

 

3.1. Labor costs reduction through automation 

First of all, the embedded systems support automation. Automation is desired 

because of need to keep the labor costs on reasonable level in the companies. 

Modern embedded systems are flexible and support usage of many possible sensors 

and cameras as well as many output devices. Individually selected inputs and outputs 

give room to steer the processes automatically, with high precision and on time. 

 

3.2. Reduction of costs of development of a new product through the possibility 

of making quick changes and reduction of product testing time  

This aspect follows directly from the fact that GPIO ports can be independently 

programmed. Changing the assumptions taken under consideration when designing 

new product can drastically change the level of costs. Through the usage of 

embedded system many companies can use its flexibility and the fact that embedded 

system can be easily programmed. Potentially, in many cases in order to have a new 

product, having new functions it is enough to reprogram the unit or add one or more 
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input/output peripherals. There is no need to redesign the product itself. Moreover, the 

result of changes made in the described above way is far more predictable that in 

case of redesigning the entire product. Therefore, the costs are more predictable and 

the management is easier. Product is tested faster without necessity to found out the 

new testing procedures, because its weak spots are well known and its nature is 

already understood. 

 

3.3. Value creation potential 

The embedded systems literally encourage to play with new sensors, new programs 

and new solutions. The input/output peripherals are very diversified from the 

functional perspective but quite unified from the electrical point of view. The result is 

that it is comparably easy to implement new vision for the system to work. Moreover, 

the programming platform is quite open, enabling to use many libraries and drivers 

(software controllers). To implement technology basing on neural networks or artificial 

intelligence (machine learning) is almost as simple as implementing the library 

enabling the sound emission. In the opinion of the author, the example above shows 

clearly the scope of potential of embedded systems. 

 

3.4. A way to individualize the possibilities of electronics 

The last pointed out aspect, way to individualize the possibilities of electronics, will be 

discussed separately in the following part of this paper. 

 

4. DISCUSSION – THE USAGE OF MODERN EMBEDDED SYSTEMS 

There are many examples, where the modern embedded systems can be used for. 

Taking under consideration their flexibility and openness for the newest technologies 

it is hard to list all the ways that they could be potentially used. Therefore, the 

presented below list is very imperfect. The author perceives following exemplary using 

of modern embedded systems: management support, smart home, automation, 

measurement, safety support systems (e.g. in vehicles), ensuring safety for people 

with disabilities and many other. 

 

4.1. The exemplary usage in general purposes  

There are many examples, where the modern embedded systems can be used for. 

Taking under consideration their flexibility and openness for the newest technologies 

it is hard to list all the ways that they could be potentially used. Therefore, the 

presented below list is very imperfect. The author perceives following exemplary using 

of modern embedded systems: management support, smart home, automation, 

measurement, safety support systems (e.g. in vehicles), ensuring safety for people 

with disabilities and many other. 

 

4.2. The usage in specific purpose of ensuring safety for people with disabilities 

While talking about safety, the specific needs should be recognized and the scope of 

help that is possible to obtain by a nowadays embedded system usage should be 

analyzed. The question of the main purpose how to ensure safety for the  disable 

person via use of micro-controller must be considered with regard to the following 

aspects: 

    • individually (related to the type of disability) programmed inputs and outputs of the 

embedded system; 
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    • individually (related to the type of disability) chosen sensors and output devices; 

    • assumed durability of the system and its instant helping readiness time (the issue 

of power consumption and weight of the battery itself). 

The following examples will be considered with regard to the  aspect of usage in 

specific purpose of ensuring safety for people with disabilities. 

 

4.3. Example 1 – ‘radar‘ (a torch) for blind people 

In order to design the radar solution for blind people that could take a shape a form of 

specific torch the following configuration of inputs and outputs is proposed: 

    • Input: ultrasonic sensor 

    • Output 1: sound notification,  

    • Output 2: motor generating vibrations (warning vibrations). 

The ultrasonic sensor is required in order to get the information about the distance 

between the header of the torch and the obstacle. The signal received by the sensor 

must be transformed (processed) by the embedded system in order to control the 

buzzer or speaker (sound notification) or electric motor (vibrations). The team 

designing the device assumes that 3 modes will be enough to satisfy the needs of the 

market. First mode called “Be normal” is basing on simple sound notification as a 

series of beeps the more intensive the closer to the obstacle and becoming 

continuous sound when the obstacle is within reach. This mode is most suitable for 

blind people that are also hearing impaired due to clear sound emitted. Second mode 

called “Be silent” is being designed for situations when beeping notification could be 

disturbing for others (f. ex. in church), discretion is expected or where sound 

notification could not be heard (f. ex. very loud street). The third mode is emulating 

the Star Wars Jedi sword sound and is called “Be cool”. This mode is been designed 

to young users and generally for people with sense of humor. 

 

4.4. Example 2 – help with balance disorders 

In order to design the helping device with balance disorders, the solution could take a 

form of a machine recognizing the problems with keeping balance and mass 

manipulation module. The following configuration of inputs and outputs is proposed: 

    • Input 1: gyroscope, 

    • Input 2: accelerometer (acceleration sensor), 

    • Output 1: mass manipulation servo, 

    • Output 2: sound notification,  

 The second example assumes two inputs and two outputs. However, this can 

be modified, if need. In the basic version of the device it is equipped with gyroscope 

and accelerometer that are able to pass the information about position and movement 

of disable person to the embedded system. The chip would process the data and, 

through the output, steer the mass manipulation mechanism, helping the person to 

keep the balance. Additional optional sound notification can be useful to signalize the 

moment of possible loss of balance. It is worth to mention that the system, depending 

on the complexity of used algorithms, could not only simply recognize the moment of 

loosing balance but also, throughout AI and machine learning, intelligently anticipate 

it.  

 

 

 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   302 

 

 

4.4. Example 3 – help with problems with orientation in space 

In order to design the device helping with problems with orientation in space, the 

following configuration of inputs and outputs is proposed: 

    • Input 1: GPS module (through special protocol, f. ex. I2C)  

    • Input 2: magnetic field sensor 

    • Input 3: data from server (f. ex. Google Maps) 

    • Output 1: speaker (to have voice notifications where to go), 

    • Output 2: mechanical ‘screen‘ ‘presenting‘ or so-to-say reflecting the map 

(surroundings) on the mechanical device – that blind or partly blind person may 

realize where he or she is. 

The general scheme of working is similar to the previously presented examples. 

However, in this case the data transformation process is significantly more complex 

and requires better computing power as well as higher level of data virtualization. The 

result can be characterized by far better representation of the surroundings for blind 

people. 

 

4.5. Practical aspects of programming the embedded systems to improve the 

safety level of people with disabilities 

In order to program the micro-controller, special software must be installed on the PC-

compatible computer. The example of such software is STM32Cube. The picture 

below presents the part of this software. Embedded programming bases on the 

setting the pins of the micro-controller as “in” pins (for imputing signals) or “out” pins 

(for passing transformed signals). Moreover, not all pins can be used for all purposes, 

therefore often more technical knowledge is needed. The next step is to program the 

pins. Picture below shows the fragment of the program in the software compatible 

with STM32 embedded solutions. In order to verify the accuracy of the programming, 

the embedded system must be connected to the real electronic components and 

tested. The example presented in following picture is rather simple. It must be stated 

that inputs as well as outputs can be highly diversified. The last phase is preparation 

to mass manufacturing. This phase enables to mount the embedded system in its 

working environment They are car safety solutions, car infotainment centers, toys, 

measuring tools, smart home solutions and many more, as mentioned before. 

 

5. CONCLUSIONS 

In modern embedded systems great variety of technologies can be connected in order 

to cooperate and product the stunning results. The most interesting, according to 

author, are the following: ultrasonic sensors, cameras, emergency power supplies, 

SSH, RC, python libraries introducing the micro-controllers into the world of machine 

learning (also called the AI – artificial intelligence), advanced image processing 

software and more. 

As a part of a conclusion, the author would like to emphasize the enormous potential 

of embedded systems for a building many elements of future world. Gathering 

together and final analysis of above presented information can result in following 

conclusions: 

    • The trends are that electronics will become more and more individualized; 

    • Access to personalized electronics is getting cheaper and cheaper; 

    • Systems ensuring the safety of people with disabilities are becoming more and 

more accessible. 
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In terms of peoples wit disabilities, the next step (with high probability) will be 

individually programmed prostheses and the development of programmable, 

intelligent prosthetics. The author predicts the revolution in prosthetics, significant 

improvement in comfort and quality of life of disabled people. 
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Abstract: This paper describes the role of social capital in terms of stimulating 

activities aimed at improving health safety in times of the Covid 19 pandemic. 

Ensuring health safety constitutes one of the fundamental aims of every health care 

system, which is executed by means of multiple institutions associated with health 

care, as well as through collective action. Social capital stimulates collective action 

with the aim of stopping the spread of the pandemic. The aim of this paper is to 

search for ties between social capital and the spread of the pandemic in Poland. As  

a result of empirical research, it was established that strong social capital had  

a significant impact on the lower number of Covid-19 infections in provinces in 

Poland. Simultaneously, this impact is dependent on the level of infections in society. 

The greater the number of Covid-19 infections, the less social capital restricts the 

spread of the pandemic. 

Keywords:Social capital, social networks, trust, health safety, Covid-19 
 
 
 
1. INTRODUCTION 

In December 2019 in Wuhan, China, a new coronavirus emerged (SARS-CoV-2), 

which evoked an epidemic of acute respiratory syndrome (COVID-19). A pandemic 

was declared, which became a threat to the health safety of all the countries of the 

world. It significantly reduces the level of health safety of individuals and social groups 

and this state of affairs has a negative impact on other subjective areas of safety, 

such as the following: economic security, political security, public safety, military 

security and security of information. The task for state authorities and institutions of 

health care is to create and guarantee protection for their citizens against the threats 

to their health, regardless of their age, sex type, place of abode, income and wealth. 

During the pandemic, the radical reduction of the availability of the health care system 

has been observed, which in turn reduces the level of health safety. In almost all of 

the countries affected by the pandemic, the health care system is overloaded. The 

activities undertaken by entities that deal with the fight against the pandemic require 

the acceptance of society. A significant role in terms of strengthening this level of 

acceptance may be played by social capital.  

The aim of this paper is to search for ties between social capital and the spread of the 

pandemic in Poland. The author at hand searches for answers to the following 
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research questions: What is the scope of occurrence of social capital in Poland? To 

what extent do the elements of social capital, namely, social networks, trust and civic 

activity support activities aimed at mitigating the spread of the pandemic? The method 

of desk research and the deductive methods were availed in the research. 

 

2. SOCIAL CAPITAL AND THE SARS - COV - 2 FLU PANDEMIC 

The concept of social capital became attractive for researchers in search of 

clarification of the processes in the area of public health. In particular, in this period of 

decreased health safety evoked by the pandemic, social capital may play a significant 

role in terms of mitigating the spread of the pandemic. 

The approaches to social capital are varied at the level of conceptualization and 

operationalization. It is possible to distinguish five fundamental ways of its perception. 

Firstly, as a social network, namely, the structure of ties between two or more 

participants (Coleman, 1988). Secondly, as the theory of criteria, which opines that 

social capital refers to integrity, criteria and values embedded in a social network 

(Fukuyama, 1997). Thirdly, as the theory of resources, according to which social 

capital is a set of actual and potential resources which are associated with having  

a long-lasting network that involves more or less institutionalized ties based on mutual 

familiarity and acknowledgement (Bourdieu, 1986). Fourthly, as the theory of abilities, 

in which social capital relates to the relationship between entity and society, while also 

the ability to adopt limited resources from such a connection (Portes, 1998). Fifthly, as 

the theory of the features of collectivity that include networks, norms, trust, social 

activity facilitating the coordination and cooperation aimed at mutual benefits 

(Putman, 1994). For the purposes of this paper, the author at hand accepts that social 

capital shall signify the component of the skills of cooperation and coworking of 

individuals with the framework of communities for the execution of joint goals. 

Analysis of these notions facilitates the distinction of the most frequently enumerated 

composite elements of capital, which first and foremost include participation in social 

networks, civic engagement (voluntary work) and trust in people and institutions. 

A particularly important role is attributed to social networks. Generally speaking, an 

individual must invest in building social networks in order to achieve the specified 

tangible and intangible benefits.  

During the pandemic, the application of the appropriate pro-health behavioural 

patterns reduces the pace of the spread of the virus. Social capital may play  

a significant role in this process. Its structural element, namely, social networks, may 

prevent the spread of this virus. An important task lies with the central figure of this 

network, who is the link with the other members of the network. Propagating positive 

behavioural patterns associated with safety, e.g. washing hands, maintaining social 

distance, wearing masks and receiving vaccines on the part of the central figures may 

slow down the spread of the spread of the pandemic. The acquisition of central 

figures, e.g. leaders in local communities, with the aim of building the levels of 

involvement and trust in the institutions of health care may increase the efficiency of 

activities in the area of public health (Bavel et al., 2020).  

Likewise, as a relational element, trust is of significant importance in the fight against 

the pandemic, particularly institutional trust in the government and the institutions of 

public health. During this pandemic, the representatives of state authorities and health 

care have the task to convince people to adhere to the medical recommendations, 

namely, refrain from social contacts, conform with quarantine regulations, or have 
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tests carried out. The efficiency of these actions to a large extent depends on trust. 

The research of Freimuth et al. (2014) on the impact of trust on the course of the 

H1N1 epidemic in the USA in 2009 indicates the important role of trust as a predictor 

of social behaviour. The researchers discovered that the representatives of the 

government and the medical institutions are bestowed with trust when public opinion 

deems them to be competent experts in the sphere of health. The significance of 

institutional trust in terms of counteracting the pandemic was indicated by van der 

Weerd et al. (2011), who observed the impact of trust in terms of human behaviour 

during the course of the A (H1N1) pandemic in the Netherlands. The conclusion 

arising from the research is the emphasis on the significance of trust in the 

government as the important intermediary between an individual and infection.  

One of the effective methods of counteracting the spread of the pandemic is the 

application of vaccines. Research conducted by B. Rönnerstranda (2013) indicates 

that social capital may become an intermediary between an individual and 

vaccination. There is a relation between the indicators of social capital and the 

readiness to receive vaccination against contagious diseases. A high level of 

institutional trust, as well as the general sense of trust have a positive impact on the 

intention to receive vaccination. Gilles et al. (2011) suggest that public trust is a key 

determinant in the behavioural patterns associated with vaccination. Its reduction 

causes negative consequences for the acceptance of vaccines. The increase in the 

level of trust is also evoked by “credible sources”, which are well-known people. For 

instance, the disclosure of information by former president Barack Obama relating to 

the vaccination of his daughters had a great influence on decisions relating to 

vaccination among people, regardless of their political affiliations, or even trust in 

government activities, particularly the president himself (Quinn et al., 2013).  

 

3. SOCIAL CAPITAL AND COVID 19 PANDEMIC. CASE OF POLAND 

Research on the relation between social capital and its elements and infections 

SARS-CoV-2 infections was conducted on the basis of data relating to the number of 

infections per 10,000 inhabitants in provinces and the indicators of social capital, 

which includes activity in social organizations, social trust and participation in social 

networks. Provinces were availed of as units for analysis. Analysis of the data 

presented in Table 1 reveals that the level of social capital in Poland is at a relatively 

low level (21.45). The highest level of social capital occurs in the province of 

zachodnio-pomorskim, followed by the provinces of mazowieckie, kujawsko-

pomorskie, warmińsko-mazurskie and mazowieckie. However, the lowest level was 

noted in the provinces of łódzkie and opolskie. The difference between the highest 

and the lowest level of social capital amounts to 18.97, which indicates the significant 

disproportion between the provinces.  

A detailed analysis of the indicators of social capital facilitates the identification of 

significant differences between them in the analysed regions. The lowest level related 

to the indicator of participation in social networks amounting to 10 or more members 

(31.88). Simultaneously, the most people who participated in these networks were in 

the northern provinces, namely, zachodniopomorskie, warmińsko-mazurskie and 

pomorskie. The indicator of social trust achieved a lower level (19.45), whereas the 

highest level was noted in the provinces of mazowieckie, kujawsko-pomorskie and 

pomorskie. In turn, the indicator of social activity (14.04) was the highest in the 

provinces of zachodnio-pomorskie, podlaskie and małopolskie.  
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Table 1 

Indicators of social capital In provinces in percentage form 

Province Social 

trust 

Social 

activity 

Membership of 

social networks of 

10 or more people 

Generalised 

social capital 

indicator 

ST SA SN SC 

Dolnośląskie 16.56 14.82 24.69 18.69 

Kujawsko-pomorskie 27.55 9.82 35.44 24.27 

Lubelskie 14.75 12.64 28.10 18.49 

Lubuskie 11.67 14.64 28.33 18.21 

Łódzkie 6.80 4.10 27.89 12.93 

Małopolskie 21.98 18.57 24.31 21.62 

Mazowieckie 29.87 13.54 36.91 26.77 

Opolskie 17.65 6.00 26.92 16.85 

Podkarpackie 12.87 17.82 31.38 20.69 

Podlaskie 17.11 18.71 23.68 19.83 

Pomorskie 26.13 8.14 35.13 23.13 

Śląskie 13.30 17.12 30.74 20.39 

Świętokrzyskie 23.89 11.70 31.82 22.47 

Warmińsko-mazurskie 22.99 16.04 41.63 27.00 

Wielkopolskie 23.89 18.03 33.93 25.28 

Zachodnio-pomorskie 24.18 22.97 45.50 31.90 

Source: Prepared on the basis of (Czapiński, Jerzyński, 2016).  
 

One of the aims of the research was the definition of the relations between  social 

capital and the level ofSars - CoV – 2 infections. The relations between these 

variables are illustrated in Table 2. Depending on the period in which research was 

conducted on the impact of social capital on the number of infections per 10,000 

inhabitants was varied. In the first period of analysis from 25 March to 27 July 

37,521infections were noted. Significant relations between social capital and the 

number of infections were observed. In the majority of the provinces, the magnitude of 

social capital had an influence on the level of infections. A significant positive impact 

was noted in, among other areas, the provinces of zachodniopomorskie (SC= 31.9, 

IR1=3,74), warmińsko-mazurskie (S.= 27.0, IR1=1,98), kujawsko-pomorskie 

(SC=24,27, IR1=3.35) and podkarpackie (SC=20.69, IR1=3.01). In these regions,  

a relatively high level of social capital and low level of infections occurred. 

Nevertheless, a negative relation was observed in the case of the province of łódzkie, 

in which a low level of social capital and a high level of infections occurred.  

Together with the growth of the number of Covid-19 infections, the relations between 

the variables changed. In the subsequent period from 25 March to 20 October in 

Poland, 82,862 cases of infections were noted. In relations between social capital and 

the number of infections, only slight changes were noted. First and foremost, in the 

provinces of zachodniopomorskie (SC= 31.9, IR2 =29.31), warmińsko-mazurskie 

(SC= 27.0, IR2=28,65) and kujawsko-pomorskie (SC=24.27, IR2=42.49) a relatively 

high level of social capital had an impact on the level of infections. Secondly, it was 

observed that the relatively low level of social capital also had an impact on the lower 

level of infections in the case of the provinces of lubuskie (SC=18.21, IR2=28.76), 

dolnośląskie (SC=18.69, IR2=35.72) and lubelskie (SC=18.49, IR2=36.10). Thirdly, 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   308 

 

 

the low level of social capital still had an impact on the high number of infections in 

the provinces of łódzkie (SC=6.9, IR2=58.27) and opolskie(SC= 16.85, IR2=56.34). 

In the subsequent period under analysis from 25 March to 21 January 2021, a very 

high number of infections totalling 1,457,755 cases was noted. Significant changes in 

the relations between social capital and the number of infections took place in the 

particular provinces. The strongest positive impact of social capital on the number of 

infections was observed in the provinces of mazowieckie (SC= 26.77, IR3=327.8), 

świętokrzyskie (SC= 22.47, IR3=305.15), podkarpackie (SC= 20.69, IR3=303.10) and 

lubuskie (SC= 18.21, IR3=168.48). In the case of some provinces the situation took 

place whereby a high level of social capital was noted together with a high level of 

infections. This related to the provinces ofzachodniopomorskie (SC= 31.9, 

IR3=443.71), warmińsko-mazurskie (SC= 27.0, IR3=449), kujawsko-pomorskie 

(SC=24.27, IR3=443) and wielkopolskie (SC=25.28, IR3=423.85) and pomorskie 

(SC=23.13, IR3=414.72). 

 

Table 2.  

Indicators of social capital and indicators of illnesses in a time perspective in provinces in 

Poland 

Province Generalised 

social capital 

indicator 

Incidence rate  

24.07.2020 

Incidence rate 

20.10.2020 

Incidence rate 

21.01.2021  

SC IR1 IR2 IR3 

Dolnośląskie 18,69 10.24 35.78 333.34 

Kujawsko-pomorskie 24.27 3.35 42.69 483,00 

Lubelskie 18.49 3.67 36.10 345.42 

Lubuskie 18.21 0.88 28.76 168.48 

Łódzkie 12.93 36.05 58.27 385.79 

Małopolskie 21.62 5.90 104.67 337.34 

Mazowieckie 26.77 9.90 49.04 327.80 

Opolskie 16.85 10.2 56.34 405.60 

Podkarpackie 20.69 3.99 50.65 303.10 

Podlaskie 19.83 7.62 40.20 329.25 

Pomorskie 23.13 3.01 50.00 414.72 

Śląskie 20.39 30.43 69.98 371.96 

Świętokrzyskie 22.47 6.92 46.41 305.15 

Warmińsko-

mazurskie 

27.00 1.98 28.65 449.00 

Wielkopolskie 25.28 8.96 48.22 423.85 

Zachodnio-

pomorskie 

31.9 3.74 29.31 443.71 

Source: (SerwisRzeczypospolitejPolskiej2020) 
Notes: IR – incidence per 10,000 province residents 

 

The analysis of the impact of the particular elements of social capital on the number of 

Covid-19 infections per 10,000 inhabitants is significant for the aims of this paper.  

In analysing the participation in social networks, it was observed that in provinces of  

a relatively high level of affiliation to social networks a low level of infections was 

evident. This refers to the provinces of mazowieckie (SN=36.91, IR=327.8, MR=7.49), 

podkarpackie (SN=31.38, IR=303.1, MR=9.75), świętokrzyskie (SN=31.82, 

IR=305.15, MR=8.48) and lubuskie (SN=28.33, IR=168.48, MR=4.16). 
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Simultaneously,  there was also a situation in which provinces of a high level of social 

capital also witnessed a high rate of infections. This related to provinces of 

zachodniopomorskie (SN=45.5, IS=443.71, MR=8.22), warmińsko-mazurskie 

(SN=41.63, IS=449. MR=10.66), wielkopolskie (SN=33.93, IS=423.85, MR=10.36) 

and kujawsko-pomorskie (SN=35,44, IR=483, MR=9,96). 

In the analysis of relations between social capital and the level of infections, it was 

discovered that trust exerts a positive impact on the level of infections. The lowest 

level of infections occurred in provinces of the highest level of trust, namely, in the 

province of mazowieckie (T=29.87, IS=327.8, MR=7.49), świętokrzyskie (T=23.89, 

IS=305.15, MR=8.48) and małopolskie (T=21.98, IS=337.34,MR=8.56). However, in 

the case of the provinces of kujawsko-pomorskie (T=27.55, IS=483.00,MR=9.96), 

pomorskie (T=26.13, IS=414.72, MR=8.46), and zachodniopomorskie (T=24.18, 

IS=443.71, MR=8.22), in which a high level of trust was noted, such a dependency 

failed to occur.  

A positive relation between the indicators of social activity and the indicators of 

infections was observed in the case of the provinces of małopolskie (SA=18.57, 

IS=337.34, MR=8.56), podlaskie (SA=18.71, IS=329.25, MR=8.39, ) and 

podkarpackie (SA=17.82, IS=337.34, MR=9.75). However, in the provinces of 

zachodniopomorskie (SA=22.97, IS=443.71, MR=8.22) and wielkopolskie (SA=18.03, 

IS=423.85, MR=10.36) a high level of infections took place in the situation of  

a relatively high level of social activity. 

 

Table 3  

Indicators of social capital and indicators of illnesses and deaths in provinces in Poland in 

period from 25 March 2020 to 21 January 2021. 

Province Social 

trust 

Social 

activity 

Membership of 

social 

networks of 10 

or more people 

Incidence 

rate 

Mortality 

rate 

ST SA SN IR MR 

Dolnośląskie 16.56 14.82 24.69 333.34 7.78 

Kujawsko-pomorskie 27.55 9.82 35.44 483.00 9.96 

Lubelskie 14.75 12.64 28.10 345.42 10.74 

Lubuskie 11.67 14,64 28.33 168.48 4.16 

Łódzkie 6.8 4.10 27.89 385.79 10.04 

Małopolskie 21.98 18.57 24.31 337.34 8.56 

Mazowieckie 29.87 13.54 36.91 327.80 7.49 

Opolskie 17.65 6.00 26.92 405.60 11.72 

Podkarpackie 12.87 17.82 31.38 303.10 9.75 

Podlaskie 17.11 18.71 23.68 329.25 8.39 

Pomorskie 26.13 8.14 35.13 414.72 8.46 

Śląskie 13.3 17.12 30.74 371.96 8.62 

Świętokrzyskie 23.89 11.70 31.82 305.15 8.48 

Warmińsko-mazurskie 22.99 16.04 41.63 449.00 10.66 

Wielkopolskie 23.89 18.03 33.93 423.85 10.36 

Zachodnio-pomorskie 24.18 22.97 45.5 443.71 8.22 

Source: Prepared on the basis of (SerwisRzeczypospolitejPolskiej 2020) 

Notes: IR – incidence per 10,000 province residents, MR – deaths due to COVID-19 per 

10,000 province residents 
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CONCLUSIONS 

The findings of the spatial research on the relations between the elements of social 

capital and the level of COVID -19 infections in Poland indicate that social capital has 

an impact on the scope of the spread of COVID-19, while simultaneously it is of 

significance in terms of the number of infections. With the aim of discovering the 

dependencies between the variables of social capital and the number of infections, 

three periods of time were subject to analysis, namely, July and October of 2020, as 

well as January 2021. The choice of these periods was associated with the course of 

the pandemic in Poland. The first wave of infections took place in July, whereas the 

second wave in October, while the beginning of the third wave occurred in January. In 

the analysed periods, significant changes were noted in terms of the relations 

between the variables. In the first period and the second period, a positive impact of 

social capital was noted in terms of the number of infections, whereas in the third 

period significant changes were observed, whereby the large number of infections 

weakened the impact of social capital. Hence, the impact of social capital on the 

number of infections is dependent on the level of infections in society. The greater the 

number of infections, the weaker the impact of social capital is in terms of spread of 

the virus. 

In the research, it was illustrated that the strongest impact on the level of infections 

was exerted by structural capital. It was established that participation in social 

networks of over 10 people mitigates the spread of the virus as the members of the 

network may acquire more information about the pandemic and behavioural patterns 

of defence, while also count on support in the case of infection, e.g. the delivery of 

food supplies, medicine and other items that are essential for life. Likewise, it was 

indicated that the provinces of the highest level of affiliation to social networks had  

a low level of Covid-19 infections. A relatively low level of impact on the spread of the 

pandemic was exerted by relational capital, whose significant element is that of trust. 

In parts of the provinces with the highest level of trust, a low level of infections was 

observed. Nevertheless, in the case of several provinces that had the highest number 

of infections, such a dependency failed to occur. This gives rise to the conclusion that 

social trust did not have an unequivocal impact on the flattening out of the spread of 

the pandemic. 

In sum, with the aim of enhancing health safety, the activities of local authorities and 

institutions are essential in that they are aimed at building social capital that in all 

forms enhances the efficiency of social distancing and other behavioural patterns of 

defence. 
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Abstract: The processes effectiveness means their ability to achieve the planned 

aims. While planning the aims, one should currently take into consideration not only 

the  quality parameters but also all of the criteria reflecting the expectations stated by 

the interested parties. Influence on the processes by the factors disturbing their 

realization requires such their monitoring and regulation to make the aims achievable. 

In return, it requires development and application of the processes assessment 

methods enabling pointing out their pivotal points and the possibilities of their 

monitoring. The study proposes the following combination: process approach and risk  

assessment enabling pointing out the “risky” processes as well as their “risky” 

aspects. The risk of the particular process has been evaluated by taking advantage of 

two methods considering various risk parameters as well as various individual criteria 

for assessing the mentioned parameters. Application of the developed methodologies 

of risk analysis and assessment of its acceptability allowed for formulating the 

conclusion that while risk assessment the following aspects are important: choice of 

the risk parameters, application of the individual assessment criteria of these 

parameters and taking advantage of the risk acceptability scale of the process, 

depending on the phase of its improvement. Properly prepared method of risk 

assessment gives the chance for the effective monitoring of the process risk refraining 

from its particular threats. 

Keywords: process risk, risk assessment, risk acceptability, process approach 

 

 

 

1. INTRODUCTION 

The principal element of the production process represents the technological process, 

during which occur change of the shape, dimensions and the physicochemical 

features of the manufactured parts or goods and their putting together into units or 

ready final product. Since the technological quality is related to the proper realization 

of the manufacturing process as well as the condition of the machines and the 

technological devices, the crucial importance regarding the process is its monitoring. 

It is realized by the measurements of the current values describing the condition of 

the process or devices, confirmation of the compliance of the obtained values with the 

established criteria, current monitoring enabling identification of the deregulations 
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within the process as well as the control directed at the stabilization of its realization 

(Gawlik et al., 2013).  

The choice of the particular technology depends not only on the basic criteria, 

especially the market and technical-organizational ones, but also economic, social 

and ecological criteria (Gawlik et al., 2013). Ensuring – with the regard of the 

mentioned various criteria – the effectiveness of the technological processes is 

possible by process management being realized among others by implementation of 

the management systems. 

According to the process approach “Consistent and predictable results are achieved 

more effectively and efficiently when activities are understood and managed as 

interrelated processes that function as a coherent system (ISO 9001, 2015)”, which 

means acceptance of the focus on management of various processes as well as the 

process management of organization aiming at enlarging the flexibility of all the 

system by optimization of its specified processes (Grajewski, 2012; Hernas and 

Gajda, 2005; Lisichkina, 2015; Skrzypek, 2008; Skrzypek and Hoffman, 2010). 

The process management of the organization can be defined as planning, organizing 

and monitoring of the processes system as well as searching the possibilities of its 

improvement. Application of such a management conception should be proceeded by 

identification and analysis of the particular processes (Grajewski, 2012; Skrzypek and 

Hoffman, 2010). This should enable characterizing all of the determinants of its 

planned course (Skrzypek and Hoffman, 2010): 

 input factors such as human resources and financial ones, infrastructure 

together with the environment of the realized process, 

 output factors such as tangible and non-tangible products, both: these expected 

by the clients as well as these being the side-effect of the realized process, 

 indispensable actions for beginning the analysed process, 

 interactions with the other processes creating the whole system, 

 criteria of the processes realization being the reflection of the model process, 

 rules and tools for the measurement and the methods for the conformity 

estimation with the defined process criteria. 

Verification of the processes effectiveness, meaning the conformity with the planned 

and described process criteria, is the confirmation of the assumed aims realization. 

However, each of the process is exposed to the disturbing factors causing not being 

able to fulfill the planned expectations. As a consequence, it requires monitoring, 

regulation and improvement of the process (Zymonik et al., 2013).  

Due to the mentioned above, realization of the processes must be proceeded by 

planning the actions enabling fulfilling the stated requirements within the processes. 

While planning one should remember about the following: 

 various processes have various meaning for the system functioning, 

 various processes are exposed to various factors, 

 within various processes various criteria are of meaningful importance. 

Processes stakeholders who are exposed to technological threats should be informed 

about their negative effects and be prepared to avoid them (Renn and  Benighaus, 

2013).Therefore, on the planning phase indispensable is application of the tool, which 

on one hand allows for pointing out the “problematic” processes, and on the other 

hand enables identification and monitoring on the key-parameters of these processes. 

Such a tool can be risk reflecting the probability and the consequence of lack of the 

conformity with the processes criteria.Defining the risk included, while processes 
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planning is justified, and as a consequence, ensuring the minimizing monitored 

environmental conditions. To manage the processes in a proper way, one should 

exposed them, depending on the risk level involved within the process, to the 

improving – Fig. 1. 

 

Fig. 1. Scheme of the process improvement based on the risk assessment 

 

One should underline that process planning, so far being interpreted as quality 

planning, must be replaced by the integrated planning of the process taking into 

consideration expectations stated by various interested parties as well as the 

environmental and work safety factors. On the other hand, base of the formal 

integration within the management in the organizations was stated and promoted by 

the ISO 9001, ISO 14001 and ISO 45001 standards, representing the following 

approach: process, systemic and risk based one. 

 

2. METHODOLOGY 

Within the planning the particular organization, considering both: internal and external 

factors having influence on the organization as well as the risk involved, identifies the 

aims and arranges the ways of achieving them.  

While identifying the risk, the organization especially considers the following: legal 

and other applicable requirements, workplace safety threats, environmental aspects 

as well as the other requirements connected with the fulfilment of internal and external 

requirements stated by various interested parties. Moreover, while establishing the 

actions connected with risk taking, the organization should integrate these actions 

with the management system processes, and finally assess their effectiveness.  

Regardless the organization uses in its systemic actions the risk elements, there is no 

standard requiring any formalised risk management as well as pointing any particular 

method of risk assessment. It requires from the organization developing the own 

procedure of risk assessment, including the way of its assessment.  

Identification of the processes, proceeding the analysis and the risk assessment, must 

be realized with the regard of risk assessment. It means, that already at the 

identification phase, the particular organization should define if it will be performing 

the risk assessment exclusively within the scope of the quality requirements or it will 

take into account the environmental context as well as workplace safety or other 

contexts. 
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Threats identification as well as the risk assessment also should be realized in the 

context of the chosen scope of the assessment. As the consequence, to perform the 

risk analysis and estimate its acceptability – the particular organization must prepare 

the individual criteria for analysing and assessment. The mentioned criteria depend 

not only on the assessment scope but also on the considered parameters during risk 

defining by the organization. Within the technical context, the risk is most often 

described as “combination of the incidence or appearance probability of the particular 

dangerous occurrence and the consequences connected with this occurrence (IEC 

60300-3-9, 1995)”, therefore, the most often considered by the organizations within 

the process risk assessment are two parameters – the probability of threats effects 

occurrence and the significance of them. It refrains not only from the risk definition 

itself but also from the labour law requirements, which within the risk assessment 

require from the employer exclusively the risk probability and effects assessment. 

However, the most important within the risk analysis assessment is the proper choice 

of analysed parameters, which in turn would reflect the real risk accompanying the 

process. It also depends on the range of the analysed risk as well as on the kind of 

the analysed process, which means if the analysed process is the technological one 

or, for example the quality control process. Simultaneously, the choice of the analysed 

parameters determines the assessment criteria. The mentioned criteria should be of 

the individual character dedicated to the particular processes. 

Risk ratio, being the reflection of the way of risk value assessment is also not of a 

book-case character. The organization must decide itself how it should look like. It is 

pivotal that the way of the risk assessment would be applied as a repeatable measure 

to ensure the comparability of the risk assessment results for various processes, at 

various phases of their improvement. The algorithms for evaluating the values of the 

single risk ratio for the method I, one has presented as the 1-3 equations. One also 

has assigned various individual assessment criteria (Tables 1-2). However, the 

algorithms for evaluating the values of the risk ratios as well as the individual 

assessment criteria applied for the method II are the subjects of the study (Karkoszka, 

2017). 

 

RF = SF · PF (1)          RE = SE · PE (2)          RS = SS · PS (3); 

 

RF/RE/RS – single risk ratio for failure/environmental impact/safety threat effect 

SF/SE/SS – significance of failure/environmental impact/safety threat effect 

PF/PE/ PS –  probability of failure/environmental impact/safety threat effect 

 

Table 1  

Comparison of the criteria for significance assessment of failures, environmental influences  

and occupational threats effects 

Assessment criteria Significance  
SF/SE/SS Quality Environmental Occupational 

No influence on the use 
of the item 

No negative influence 
on the natural 
environment 

Not causing threats 1 

Not causing threats 
while using the item  

Minimal influence  
on the natural 
environment– is ignored  

Light injuries (first aid 
applied) 

2 
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Using the item is 
connected with threat 

Harmful influence  
on the environment 

Medium injuries (few-
day absence at work) 

3 

The item cannot be  
used as planned  

Irreversible harmful  
and large-scale 
influence on the 
environment 

Heavy injuries  
(few-months absence  
at work) 

4 

 

Table 2  

Comparison of the criteria for probability assessment of failures, environmental influences  

and occupational threats effects 

Assessment criteria Probability (P) PF/PE/PS 

Little probable 1 

Once per month 2 

Often (once per week) 3 

Highly probable  (every day) 4 

 

The most crucial phase of the risk assessment is estimating its acceptability. Based 

on the outcome of this estimation, the organization takes up the decision how to act. 

The described methodology allows not only for defining the acceptability of the risk 

connected with the particular incompatibilities but also for the complex defining of the 

risk connected with the analysed technology – Fig. 2. Values of the ratios cannot be 

set “forever”, since they depend on the current phase of improvement of the analysed 

process. 

 

 
Fig. 2. Scheme of assessing risk acceptability of individual aspects and the entire 

technological process in dependence on the exemplary risk values 
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3. RESULTS AND DISCUSSION 

The described guidance for assessment have been used within the range of 

polyethylene foil technological process risk assessment. The exemplary faults, 

environmental influences, outcomes of workplace safety threats and their effects and 

reasons are following: 

 high level of haze – unaesthetic look – damage of cooling ring device (1), 

 uneven thickness of foil – breakage of foil – too short time of foil cooling (2), 

 occupying the place on the internal waste disposal site till the recycling time – 

producing the foil and cardboard wastes – quality control (3), 

 pollution of soil – scattering of the polyethylene granulated product over the 

ground – improper storage and transportation (4), 

 burns – adhesion of the melted granulated product to the skin – ensuring high 

temperature within the process (5),  

 fractures and crushes of limbs – pulling the loose parts of outfit into the movable 

parts of the winder – foil rolling operations (6), 

Descriptive the mentioned above risk parameters for its various ways of assessment 

have been presented in Table 3. 

 

Table 3  

Comparison of the values of risk parameters for different manners of its assessment 

Threat SI PI RI = S·P SII PII DII RII 

1 1 1 1 3 2 6 36 

2 3 1 3 7 2 1 14 

3 1 4 4 1 10 1 10 

4 2 2 4 5 4 1 20 

5 3 1 3 5 2 9 90 

6 4 1 4 7 2 9 126 

 

Risk values for the particular aspects as well as the whole assessed process, 

including the result of its acceptability assessment, have been presented in Table 4. 

 

Table 4 

Comparison of the effects of risk acceptability assessment 

Threat RI = S·P Risk acceptability I RII Risk acceptability II 

1 1 acceptable 36 moderate 

2 3 acceptable 14 acceptable 

3 4 moderate 10 acceptable 

4 4 moderate 20 acceptable 

5 3 acceptable 90 unacceptable 

6 4 moderate 126 unacceptable 

∑RI 19 acceptable - - 

∑RII - - 296 moderate 

 

As it refrains from the comparison (Table 4), while using for the risk assessment just 

two of its basic parameters (significance of the results and the probability of their 

https://www.diki.pl/slownik-angielskiego?q=polyethylene+glycol
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occurrence) for the threats as unaesthetic look, foil breakage and adhesion of the 

melted granulated product to the skin, the risk is of the accepted character, however, 

for foil waste occurrence, scattering of the polyethylene granulated product over the 

ground as well as pulling the loose parts of outfit into the movable parts of the winder, 

the risk is moderate and requires monitoring. Value of the risk ratio for whole process 

totals 19 and is acceptable. 

Meanwhile, using for the risk assessment not only its parameters, so making the risk 

assessment method more detailed enables pointing out as unacceptable as many as 

two threats effects, which are burns, fractures and crushes of limbs. Simultaneously, 

total risk ratio value for all the process reaches 296, risk is moderate and the process 

requires monitoring, especially these aspects for which the risk is unacceptable or 

moderate. 

 

4. CONCLUSIONS 

Nowadays, while estimating the realized or planned processes, one should take into 

consideration not only the economical and quality parameters but also all which may 

have influence on fulfilling the requirements stated by the interested parties of the 

business. As a consequence, this causes the necessity of developing and applying 

such ways of assessment these processes, which in turn will allow their complex 

estimation, being in accordance with the needs. 

For sure, one of the most effective way for complex assessment is application of the 

following combination: process approach and risk assessment. Therefore, process 

approach requires process identification and the assessment outcomes of the risk 

involved represent the guidance for improving the processes. The risk assessment 

itself allows not only for pointing out the “risky” processes and their “risky” aspects but 

also is a base for appointing the parameters undergoing the monitoring process. 

It is of high importance to make the applied risk assessment method adequate to the 

estimated processes. For example, in the study, one has presented two various 

methodologies for risk assessment, which have been applied for analysing the same 

process considering the same chosen threats. The methodologies were different in 

the scope of analysis, especially in range of the risk parameters and the individual 

criteria for these parameters assessment. In the first case, the calculation algorithm 

for the values of the single risk ratio covered solely the significance of the threat 

effects and the probability of their occurrence, the scale of the particular parameters 

was four-staged. In the second case, the risk analysis considered also its other 

parameters such as: detect ability or exposition, whereby the individual assessment 

criteria have been assigned to the ten-stage scale. 

Risk acceptability has been defined based on the prepared for both methodologies 

acceptability scale. The outcomes of the assessment have confirmed that the 

assessment of two basic risk parameters reflects just general view at the process risk. 

The more parameters undergo the assessment and the more precise are the 

assessment criteria, the more detailed is the information on the risk, and especially on 

the threats causing the risk, and which should be monitored. 

Therefore, one should conclude that the following factors are of the highest 

importance during the process risk assessment: 

 choice of such risk parameters which reflect the real risk, 

 development of the assessment criteria for these parameters, 

 preparation of the risk acceptability scale, adequate to the improvement phase. 
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Development of effective risk assessment method, refraining from both: particular 

threats within the technological process as well as all the technology can be regarded 

as just a starting point for improving these processes. 
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Abstract: Social responsibility in the real estate brokerage, which is essentially 

“people’s business” may be particularly important while facing the SARS-CoV-2 

pandemic and coming down with COVID-19, which is largely the result of 

interpersonal contact. Thus, the sector seems to be an important link in preventing the 

spread of infections. The objective of the study is to analyze the adjustment of the real 

estate sector to new challenges in terms of CSR, related to the coronavirus pandemic. 
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1. INTRODUCTION 

The way the society operates or how friendly and green the environment largely 

depends on economic organizations and specifically on people responsible for 

business strategies of these companies. In this context, managers’ approach to the 

business run by them is crucial. Corporate Social Responsibility (CSR) is increasingly 

becoming a part of the strategy of real estate companies. There are many references 

to CSR, relating to environmental aspects, including green construction or passive 

building designs. This is often linked to investment and real estate management. An 

important CSR issue, in terms of real estate, is also, however, real estate brokerage, 

which, as an economic activity, is the bridge between the investment dimension of the 

real estate sector and people and organizations using real estate in life and in 

business. It can be noted that real estate brokerage is a part of a specific CSR chain 

created by activities in the real estate sector, brokerage and entities buying/renting 

properties. The involvement of real estate agencies in CSR activities is crucial to 

ensure CSR continuity and universality around the real estate.  

An interest in CSR in the real estate brokerage sector, which is essentially “people’s 

business” may be particularly important while facing the SARS-CoV-2 pandemic and 

coming down with COVID-19, which is largely the result of interpersonal contact. 

Thus, the sector seems to be an important link in preventing the spread of infections.  

A significant number of interpersonal contacts by real estate agents is an activity 

affecting the possibility of infections. Responsible and ethical behavior of agents in 

order to prevent COVID-19 may therefore exert a large impact on the reduction in 

infections in this sector.  
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At the same time, it should be pinpointed that social responsibility and business ethics 

significantly affect the management system, thus improving its efficiency, and have an 

impact on better economic results achieved by enterprises (Kulawczuk and 

Poszewiecki, 2007). Competition in the real estate market forces entrepreneurs to 

seek more effective tools to gain a competitive advantage on competitors. Nowadays, 

it is often pinpointed that in order to maintain a good image, enterprises ought to 

include environmental protection and social responsibility in their strategies, both in  

a short and long term. Socially and environmentally friendly business activities have 

grown in importance thus becoming a new source of competitive advantage 

(Wieteska-Rosiak, 2013).  

Considering the above, the paper objective is to analyze the adjustment of the real 

estate sector to new challenges in terms of CSR, related to the coronavirus pandemic. 

 

2. RESPONSIBLE BUSINESS CONDUCT IN REAL ESTATE BROKERAGE 

FACING COVID-19 

The coronavirus disease (COVID-19) is a human social and economic crisis that has 

attacked the core of human existence. It continues to spread uncontrollably around 

the world (Verma and Gustafsson, 2020).  Its impact on the global economy is likely to 

be unprecedented since the 1930s Great Depression (Euronews, 2020). It is causing 

a dramatic, negative changes in macroeconomic measures. The real estate market, 

as for other productive and commercial sectors, in the medium-long term, will not tend 

to move independently from those changes (Del Giudice et al., 2020). The impact of 

the crisis on real estate companies is ranked “High” by International Labor 

Organization (ILO Monitor, 2020). Thus, the pandemic may represent one of the most 

significant environmental changes in the modern marketing history, which could have 

a profound impact on CSR, consumer ethics, and basic marketing philosophy (He and 

Harris, 2020).The pandemic has been pushing businesses to operate in newer and 

more resilient ways (Ivanov, 2020). COVID-19 is affecting all service sectors (Addo, 

2020). Service workers are working in grim and testing working environments, 

exposed to the virus with no choice but to work (Frazer et al., 2020). The pandemic in 

Poland (PARP, 2020) has forced to take a number of radical steps which severely 

affected the country’s economy.  

The Polish Agency for Enterprise Development indicates exemplary operations in 

terms of preventing the spread of the SARS-CoV-2 virus. These operations include 

a few areas (PARP, 2020): customers (ensuring their safety), equipment (material and 

financial support for health care institutions), employees (ensuring safety), 

counteracting the effects of the crisis (consulting, loans, credits), support for the 

elderly and other needy and education and systemic support in the field of anti-crisis 

prevention.  

In the face of COVID-19, it is necessary to implement the concept of responsible 

business conduct (RBC) and further inclusion of RBC principles and tools in the core 

of business activities. OECD (2020) pays particular attention to the inclusion of CSR 

in response to COVID-19. In the case of enterprises, the RBC approach can be often 

implemented using scarce resources and, in addition to social ones, they may bring 

direct economic benefits.  

Among the approaches in the field of RBC indicated by OECD (2020), which can be 

simultaneously perceived as particularly important in terms of service activities, 

management of environmental, health and safety issues should be identified in  
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a manner that counteracts short-term risks by avoiding accidents and protecting 

workers and consumers.  

New operating rules, including social distancing, are being established for the safety 

of people with the warning that failure to take a precautionary action can lead to the 

severity of the situation and then people will be in lockdown once more (Sarwar, 

2020). Companies seeking to engage with CSR need their employees to endorse the 

concept, in order to implement them the way it is required (Pushkala, 2016). As for all 

business sectors, CSR is a vital and core strategy that needs to be of central concern 

to the real estate sector. In the current pandemic, the real estate sector, to remain 

relevant, can no longer ignore the call to be proactive in CSR programs (Thomass 

and Potluri, 2020). 

According to Ojo and Araloyin (2013), a socially responsible real estate agency can 

be defined as a new way of practicing agency that looks for solutions to every deal in 

such a way that every party involved benefits from the process. It can also be defined 

as voluntary actions by the estate agents, homeowners, home buyers, and renters 

that go beyond minimum legal requirements to increase the positive and reduce the 

adverse social and environmental effects of real estate agency transactions. It means 

providing services that give excellent return for their money and a high degree of 

ethical, social, and environmental comfort. Facing the pandemic, real estate agencies 

want to offer stability and comfort knowing that real estate needs are still being met in 

a safe and responsible manner. 

 

2. MATERIALS AND METHODS 

The objective of the study is to analyze the adjustment of the real estate sector to new 

challenges in terms of CSR, related to the coronavirus pandemic.  

The presented research problem has been formulated as follows: In what way does 

the real estate brokerage sector adjust the activities of its agents and the entities 

involved in the real estate market services to the conditions of the coronavirus 

pandemic?   

Two qualitative research methods have been employed: the interview and (Gudkova, 

2012; Qu and Dumay, 2011) the analysis of the desk research (Łuczewski and 

Bednarz-Łuczewska, 2012; Bowen, 2009). The interview conducted with 20 agents 

from Poland was non-standardized and unstructured (free). This type of the 

exploration interview is mostly applied in qualitative research. The question put in the 

interview related to real actions associated with safety during the pandemic and the 

degree of their formalization. The results of the interview directed further research to 

the analysis of the documentation – formal material, i.e., the COVID-19 Safety Charter 

campaign.  

 

3. RESEARCH RESULTS 

 

3.1The cooperative concept of responsible business in real estate brokerage in 

Poland 

The interviews with the real estate agents lead to the conclusion that work in the real 

estate sector is primarily about interpersonal relations. Although initial lockdown and 

subsequent reduction in contacts caused that most presentations and discussions 

have been transferred to the Internet, the agents pinpoint that practically there is no 

opportunity to sell or rent real estate exclusively online. Eventually, every potential 
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customer wants to see the real estate for real. In these circumstances, an urgent need 

has emerged to define the principles of conduct in the event of the existing pandemic 

– so that real estate agents and customers could feel safe and the behavior of all 

stakeholders would not be intuitive or random but governed by thoughtful 

recommendations.  

The demonstration of responsible business conduct in real estate brokerage is the 

Covid19 Safety Charter created in Poland, based on the procedures and 

recommendations of the Polish Government and the Chief Sanitary Inspector. The 

Charter is to ensure maximum safety for both customers and employees of the 

companies/organizations being the signatories to the Charter. The key principles, 

determining actions in both public and private space the Charter is based on are 

social distancing, disinfection and covering the mouth and nose. It should be 

pinpointed that it is the first and only initiative of this type in Poland. It was created on 

the initiative of social organizations and commercial entities. It is a pro-social non-

profit project.  

To increase security awareness in business contacts between agents and other 

entities involved in transactions, all the activities related to the behavior during 

contacts with customers and entities providing services in the real estate market have 

been collected and described under the Charter. In business practice, they are 

transferred to individual stakeholders, adequately to the needs resulting from the 

stage of operation in the real estate sale/purchase process. 

The creators and participants of the Charter relate their initiative to the assumption 

that joint actions will allow for effective work and ensure a sense of security. For the 

success of the Charter, it is crucial to promote and use it extensively in business.  

A particular attention is paid to labelling (the Charter logotype), 

transparency (information on the access to the Charter is published on the websites of 

both the project itself and real estate agencies/agents) and involvement (each 

signatory is involved in its promotion among both customers and other professionals 

of the real estate market). 

Under the initiative, the procedures – recommendations have been prepared, 

implemented voluntarily by the organizations involved. These actions are suggested 

as being aimed at the welfare of all stakeholders. In each document compiled, it is 

pinpointed that the recommendations by the Government and the Chief Sanitary 

Inspector play a superior role over the procedures prepared. Signing the charter 

guarantees that its signatories are aware, responsible and prepared for new 

challenges. 

To facilitate the application of the procedures, the posters and information have been 

compiled to be sent to customers or cooperating companies. Among them, the 

following slogans can be found: “disinfect your hands”, “keep the distance”, “the real 

estate ready for the presentation”. All of the materials for the Charter are aesthetic, 

friendly and positive.  

Due to the fact that the Charter is a common project of the entire real estate market, 

the originators and organizers of the action suggest cooperation with those willing and 

announce readiness to accept any ideas or tips on how to improve its operation and 

promote it. The activities under the Charter are additionally reflected on Facebook in 

the form of the public group founded in October 2020, with 70 members as on the 

date of the research (1.12.2020).  

 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO   324 

 

 

3.2. COVID-19 Security Charter procedures as the demonstration of the sector’s 

concern for all stakeholders   

The procedures have been prepared following the specificity of work of real estate 

agents and agencies. Each of the procedures shall bear the information: “Our 

company is the signatory to the COVID-19 Security Charter for the real estate market 

which is to ensure maximum safety to both the customers and employees of our 

company. Therefore, we present the procedures to you”. All the procedures, except 

for detailed ones, adequate to the specificity of the agent’s operation, contain basic 

tips on social distancing, covering the mouth and nose, disinfecting hands and 

ventilating rooms (before and after visits). 

The first procedure relates to the expected customer behavior. It is suggested that the 

customer should reschedule their appointment if they live with someone with the 

symptoms of COVID-19 or are in close contact with someone with the confirmed 

COVID-19 infection or has returned to Poland from another country in the last 14 

days. Only two people are invited to the office at the same time.  

The second procedure relates to the preparation of the real estate for customer visit. 

They should be arranged in advance, especially if the property is inhabited. If 

possible, the real estate should be presented without the owners’ participation. The 

owner is notified about the presentation and the number of people present shall be 

kept to a minimum. The people in the property shall be instructed on the rules of 

conduct by the agent. The customer visiting the property shall avoid touching the 

objects inside. The door is left ajar so that the customer does not have to touch the 

handle. It would be advisable for the agent to be the person presenting the real 

estate.  

The third procedure relates to the process of accepting the real estate for sale. It 

contains three areas: meeting property owners, signing documents and preparing the 

real estate for sale. Under this procedure it is recommended to minimize the number 

of direct meetings. All documents and prints necessary to conclude the cooperation 

should be available in an electronic form. When completing the documentation, it is 

recommended to use the ePUAP electronic platform where possible. After activities in 

the customer’s property, such as a photo session, it is necessary to ventilate the 

space and disinfect the objects touched. It is recommended to use the objects in the 

property for the photo session.  

The fourth procedure contains the tips for real property owners given before the 

presentation. Another, the fifth procedure relates to the presentation of the property, 

according to which presentations are individual, in a group of a maximum of 2 people. 

Before arranging the presentation, contact details are sent via e-mail or a short text 

message.  RODO information and address collection forms are sent electronically if 

possible. The property information sheet is sent via e-mail so that no document 

signature process takes place during the meeting. Before the presentation the 

property owner receives the comprehensive information on security principles and the 

Charter. 

Another, the sixth procedure relates to home staging activities. It is recommended for 

the real estate preparation procedure to be individualized and adjusted to the situation 

of the property. If the real estate is uninhabited, traditional (pre-pandemic) practices 

can be applied, however, the procedure suggests that, before entering the property, it 

is worth disinfecting your hands, ventilating the property, maintaining permanent 

access of fresh air, making the most of the equipment available in the property and 
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using external decorative items or equipment only if necessary. In a situation where 

the property is inhabited, it is ideal for the owners not to be present in the property 

during home staging. People staying in ought to keep their distance.  

The seventh procedure relates to the principles of work at the office. The tips suggest 

not coming to the office with the symptoms of any infections and the need to remotely 

inform on possible poor health condition (superior/manager) and the possibility of 

remote work. The attention is drawn to the need to obey basic safety rules (distance, 

covering the face, disinfection) and the need to enable the office management to 

comply with them. It is suggested to use disposable towels, regularly disinfect the 

workstation, leave outer garments in designated areas, use a social room in 

accordance with safety rules.  

Due to the fact that knowledge and awareness are basic factors enabling the 

minimization of risk of infection, one of the basic principles of the Charter is to conduct 

training on the principles of the COVID19 Security Charter. The eighth procedure 

applies to this area. It includes introducing the team to the implemented procedures of 

the Charter, obtaining a written acknowledgement of compliance with the procedures, 

sending information via e-mail to each employee/web address with procedures/ all the 

procedures and introducing e-mail footer “We are the signatories of the Security 

Charter – You are safe with us!”.  

Another procedure relates to “Open House”. During “Open House” owners should not 

be present in the property. Presentations take place individually, in a group of  

a maximum of 2-3 people. The door in the property is left ajar. Visitors should avoid 

touching objects in the property. The presentation (opening wardrobes, equipment) is 

made by the organizer of the meeting. After each presentation, the disinfection of the 

places touched or exposed to contact with visitors shall be carried out. Customers are 

served only drinks or snacks in disposable packages. Customer register their 

presence in the visitor register using disinfected pens or their own.  

The tenth procedure is where the employee is diagnosed with or suspected of being 

infected with COVID-19. If the worker observes the symptoms that may indicate  

a respiratory infection in themselves or their coworker, they should be isolated. In the 

event of disturbing symptoms suggesting an infection, the employee shall cease to 

perform their professional duties immediately, including in particular meetings with 

customers. The suspected infection is reported to the person indicated by the agent 

who will ensure safe transport to their home, hospital or clinic. In these circumstances, 

the other employees shall leave the office, especially, if it is impossible to isolate the 

worker with the suspected infection. It is recommended to disinfect the hands, the 

shower immediately after arriving home and washing all the clothes or putting them 

aside and not using for a minimum of 2 days. The area where the worker with the 

infection has moved should be thoroughly cleaned and touch surfaces ought to be 

disinfected (handles, handrails etc.) The employee suspected of COVID-19 is obliged 

to contact a doctor or a public health inspection station (Sanepid). The worker shall 

not resume their duties until the situation is clarified or the COVID-19 test is negative. 

The eleventh procedure relates to conducting professional training. Training takes 

place in the stationary, hybrid or online form. Applications for training are sent 

electronically as well as the settlement of participation costs. The training provider 

shall keep the register of training participants and attendance at classes. The 

organizer provides the rooms to meet the requirements currently in force. Participants 

fill in a health survey before training begins.  Course materials are delivered 
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electronically. If materials are provided in the paper form, each participant shall 

receive an individual package. Training time is optimized to ensure breaks and 

ventilation. Training participants use their own stationary. Catering is delivered in 

disposable packaging if possible.  

The twelfth procedure relates to signing documents. All the documents and prints 

necessary to conclude the cooperation should be available in an electronic form. 

When completing the documentation, it is recommended to use the ePUAP electronic 

platform where possible. With the activities performed personally the principles of 

social distancing are followed and personal protective measures are applied. Before 

signing documents, hands are disinfected. Documents are signed using pens 

provided by the agent or the ones belonging to each of the parties. 

The thirteenth procedure describes the principles of behavior towards the customer in 

the office. Meetings with customers take place after prior arrangement of the date and 

time. Before the meeting the customer should be informed via e-mail or on the phone 

on the rules for visiting the office. If the office keeps the record of visits, the customer 

records their presence using disinfected pens or their own. The meeting takes place 

in a room where it is possible to keep a safe distance. The meeting should be held 

with a minimum number of people. If there is an opportunity, the customer is served 

drinks or snacks in disposable packaging. The meeting should not last longer than the 

situation requires.   

The fourteenth procedure concerns the relationship with the notary. It should be seen 

as particularly important since the notary, just like the agent, contacts many people 

and, at the time of signing a notarial deed, several people representing the parties to 

the transaction usually gather in one room. Documents and data necessary for the 

preparation of the act are submitted to the notary electronically by the parties to the 

transaction and they are verified in the course of signing. Initial verification and 

acceptance of all content takes place in an electronic form.  A minimum, necessary 

number of people shall take part in the meeting related to signing a notarial deed. The 

time of reading and signing the act is minimized. When signing documents every 

person receives a separate pen or uses their own. Stationaries are disinfected. 

Payments due at notary offices (including taxes and court fees) are made in a non-

cash form. The notary shall provide documents to the parties in holders. It is 

recommended to put the documents aside at home for a period of about two weeks. 

The procedure should be forwarded to both the customer and the notary. 

 

4. CONCLUSION 

The coronavirus pandemic has an impact on the real estate industry. All the steps, 

from managing brokerage operations, to marketing listings, and closing transactions, 

requires agents to adapt to these extraordinary circumstances. The unprecedented 

pandemic times affect agents’ ability to conduct their businesses, and ability to 

navigate these uncertain times is paramount. Any guidance is definitely to help agents 

to respond to the coronavirus's impact on the real estate industry.  

The introduction of the Security Charter can be undoubtedly seen as the 

manifestation of responsibility of real estate agencies facing the pandemic. The 

analysis of individual procedures leads to the conclusion that the tips seem to be 

obvious. Pinpointing them and paying attention to individual stages of operations in 

the process of attracting customers to the finalization of the transaction increases the 

probability of responsible behavior and, at the same time, reduction in the spread of 
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the virus. The more companies, organizations and other entities operating in the 

market will take part in this action and the more the logos and materials linked to the 

action will be used the better results it will bring and the more it will reach the 

awareness of stakeholders. 

An interest the Charter has been accepted with is the evidence of the fact that 

specialists operating in the real estate market are aware that it is crucial to mobilize 

the entire community.  As a result, more and more companies will become the 

signatories of the Charter. The COVID19 Security Charter and the companies taking 

part in the program are distinguished by the characteristic logotype created for the 

purposes of this initiative. In the opinion of the originators, as a sign of the times, it 

has an opportunity to fit into the landscape of the real estate market.  

The operations of enterprises under the Charter, treated as a part of CSR 

management, being a certain pattern of conduct introduced into their structure, should 

be evaluated in subsequent steps and their effects verified.  

This study has some constraints. The presented set of principles is recommended 

only in one country – in Poland. When making an attempt to draft future research, it 

should be stated that it would be justified to conduct international analyses, showing 

the differences in the approach to protective measures and, at the same time, 

enabling the development of the set of universal recommendations, adequate to all 

the investigated countries.  Such an analysis would also allow for the identification of 

agents’ approach to security depending on the country and possibly the continent.  
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Abstract: In the coming years, the heating sector in Poland will undergo further 

changes as a result of the implementation of the country's energy policy within the 

European Union. Its main goals are: increasing energy efficiency, development of 

renewable energy sources and meeting legal and environmental requirements. Their 

implementation should take into account the observance of CSR principles in order to 

ensure a stable supply of heat to industrial and municipal consumers with high energy 

efficiency and limitation of the environmental impact. The article presents the 

conditions for the operation of the heating industry in Poland and CSR issues in 

heating companies. Particular attention was paid to the issue of energy poverty and 

its reduction. The application of social responsibility practices in heating industry on 

the basis of activities of selected enterprises in this sector was presented. The 

importance of social responsibility of heating companies in the implementation of  

a just energy transition in Poland was also indicated. 

Keywords: corporate social responsibility, heating companies, energy poverty, 

sustainable development 

 

 

 

1. INTRODUCTION - CSR ISSUES IN ENTERPRISES 

Corporate Social Responsibility (CSR) expresses the company's responsibility for the 

impact of its functioning on society. The term CSR was formalized in 1953 by the 

American economist H.R. Bowen in his fundamental work Social Responsibility of the 

Businessman. It was the first comprehensive discussion on business ethics and social 

responsibility(Witkowska, 2016).The idea of CSR developed in the 1960s and 1970s 

along with the expansion of large corporations and became a popular subject in the 

1980s with R.E. Freeman’s Strategic Management: A Stakeholder Approach and the 

many key works of A.B. Carroll, P.F. Drucker, W.C. Frederick, H. Mintzberg and others 

(Carroll and Shabana, 2010). Over the years, the concept of CSR has significantly 

evolved and the emphasis is now on corporate and institutional practices based on 

high ethical standards, thanks to which companies voluntarily include environmental 

protection in their activities and create positive relations with various groups of 

stakeholders (Murphy and Schlegelmilch, 2013; Buczkowski et al., 2016). 
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One of the broadest definitions of CSR was presented in 2010 by the International 

Organization for Standardization in the standard ISO 26000 Guidance on social 

responsibility, a document that integrates international expertise on the concept of the 

social responsibility of organizations in society (Hemphill, 2013; Buczkowski et al., 

2016). According to it (ISO, 2010), CSR is "responsibility of an organization for the 

impacts of its decisions and activities on society and the environment, through 

transparent and ethical behaviour that: 

 contributes to sustainable development, including health and the welfare of society; 

 takes into account the expectations of stakeholder; 

 is in compliance with applicable law and consistent with international norms of 

behaviour; 

 is integrated throughout the organization and practised in its relationships." 

The main principles and key thematic areas regulated by the ISO 26000 standard, as 

well as activities related to the implementation of CSR in the organization are 

presented in Figure 1. 

 

 
Fig. 1. Components of the social responsibility system of the organization 

Source: own elaboration based on the ISO 26000:2010 standard 

 

The ISO 26000 standard serves to unify the understanding of CSR at the international 

level in various cultural, social, environmental and legal conditions. Apart from it, the 

main sources of international principles of corporate social responsibility are the UN 

Global Compact, the OECD Guidelines, the ILO Declaration and the European 

Commission's CSR strategy (Bernatt, 2009; ISO, 2019). Due to the dissemination  

of CSR, this issue is more and more often included in the company's management 

strategy. 

 

2. FACTORS AFFECTING THE HEATING SECTOR IN POLAND 

Although the energy sector determines the socio-economic development, it also 

affects the condition of the environment and climate changes on a global scale. That 
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is why Poland, like other EU countries, implements a sustainable development strategy 

that includes efficient energy use, the development of renewable energy sources and 

cogeneration sources, reduction of greenhouse gas emissions and the imple-

mentation of energy-saving construction technologies (Ministerstwo Klimatu, 

2020).The complexity of the factors influencing the development and directions of 

changes in the companies of the heating sector is shown in Figure 2. 

 

 
Fig. 2. Factors influencing the directions of changes in the heating sector 

Source: own elaboration 

 

Poland's energy policy until 2040 sets the framework for a low-emission energy 

transformation in Poland and also covers heating (Ministerstwo Klimatu, 2020): 

 1st pillar - just transition (RES development and reducing energy poverty); 

 2nd pillar - zero-emission energy system (energy efficiency, distributed and prosumer 

energy); 

 3rd pillar - good air quality (development of energy-efficient heating systems and 

CHP sources, thermal modernization, zero-emission buildings). 

Successful transformation, improvement of energy safety and efficiency as well as 

ecological indicators in the field of heat supply require comprehensive modernization 

and implementation of innovative technological solutions by heating companies. 

Innovations in heating must cover two areas: technical infrastructure (heat sources 

and district heating networks) and management of the heat generation and 

transmission system (Rak, 2018).This applies to all segments that make up the local 

heat markets (Turski and Sekret, 2015; Wojdyga and Chorzelski, 2017): 

 heat production - just transition (RES development and reducing energy poverty); 

 heat transfer - zero-emission energy system; 

 building and installation systems at the recipients. 

The future of heat supply systems is 4G hybrid heating networks with reduced 

parameters, integrated within sustainable energy systems using renewable energy 

sources (Lund et al., 2014). 
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3. ENERGY POVERTY AND SUSTAINABLE DEVELOPMENT 

Today, almost 50 million people in the European Union are affected by energy poverty 

(EP). Due to the prevalence of this problem, reducing energy poverty has been 

identified as a key priority of the European Union's policy (Thomson et al., 

2017;Górska, 2019). Energy poverty often defined as a situation where individuals or 

households are not able to adequately heat or provide other required energy services 

in their homes at affordable cost (Pay et al., 2015). The main cause of EP is the 

interaction between high energy prices, energy inefficient homes and appliances, and 

low household incomes (Oliveras et al., 2020). 

One indicator that is used to compare energy poverty in Europe is the rate of inability 

to keep home adequately warm. According to Eurostat data (Fig. 3), the percentage  

of people suffering from energy poverty in EU Member States varies significantly and 

is less of a problem in colder countries than in warm ones. 

 

 
Fig. 3. Energy poverty indicators in UE countries in the years 2005 (a) and 2018 (b) 

Source: https://www.energypoverty.eu/indicators-data [access 20.11.2020] 

 

The Scandinavian countries are leaders in terms of the efficiency of heating systems, 

the size of the share of households connected to these systems, as well as the use of 

modern, sustainable energy solutions (Upgrade DH, 2019). In Poland, the risk of energy 

poverty is moderate, but territorially diversified (Fig. 4). 

 

 
Fig. 4. The level of energy poverty in Poland in 2014 according to: 

a) LIHC index, b) subjective measure (failure to meet basic energy needs) 

Source: Lis et al., 2016 
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Households that spend too much on energy compared to their income (LIHC 

indicator) are more often rural residents at 62%, while the largest percentage  

of socially sensitive recipients are retirees, farmers and manual workers (Fig. 5). 

 

 
Fig. 5. Energy poverty in Poland in the groups of socially vulnerable consumers in 2014 

according to the LIHC index 

Source: Lis et al., 2016 

 

We can distinguish three strategic areas of counteracting energy poverty: increasing 

household income, creating socially acceptable energy prices and improving the 

energy efficiency of buildings (Górska, 2019). These problems are included in the 

economic, social and environmental goals resulting from the sustainable development 

strategy implemented in the European Union. Poland, like the EU, has made reducing 

the scale of energy poverty one of its important priorities. It is assumed that by 2030 

energy poverty will be reduced by 30%, i.e. to a maximum level of 6% of households. 

The main tool to fight the problem of poverty is to improve the energy efficiency of 

buildings (thermal modernization) and to ensure effective and ecological access to 

heat (Ministerstwo Klimatu, 2020).The following will be important: state social 

assistance (energy allowance), pricing policy (Energy Regulatory Office), combining 

thermal modernization and renewable energy support programs with social assistance 

instruments and the involvement of heating companies as part of good CSR practices. 

 

4. IMPLEMENTATION OF CSR IN HEATING COMPANIES 

The implementation of corporate social responsibility practices is now part of the 

strategies of leading energy sector companies in Poland (Jaroń and Wędziński, 2010, 

PwC, 2012; Jacyno et al., 2013; Słupik, 2013). The hierarchy of goals of a heating 

company is shown in Figure 6. 

 

 
Fig. 6. Hierarchy of goals of a heating company 

Source: based on Paszko, 2012 
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It is worth emphasizing that in the case of enterprises from the thermal energy sector, 

the main goal, apart from survival and development, is to ensure the supply of heat, 

however, striving to maximize profit must be balanced with care for maintaining a 

socially acceptable cost of heat supply. Active relations and communication between 

the company and the social and economic environment are of great importance here. 

The involvement of an energy company in the life of the local community can 

effectively reduce the risk of social protests, e.g. in the case of the implementation of 

new investment projects, such as a waste incineration plant. Through information 

campaigns and promotion of energy-saving solutions and clean technologies for the 

sake of the environment, the local community can also be interested in energy 

security and more efficient use of energy (Jacyno et al., 2013). 

Based on reports from 2012-2019 of seven representative energy sector enterprises, 

Table 1 shows the degree of involvement and activities of these companies in key 

areas of social responsibility. 

 

Table 1. 

Activities of selected energy enterprises in key areas of social responsibility (years 2012-2019) 

Key areas of activity 

Enterprises in the energy industry 

Grupa 

Veolia 

Grupa 

GPEC 

Fortum 

Power 

and Heat 

Tauron 

Polska 

Energia 

EDF 

Polska 
PGNiG PGE 

Corporate governance 1 1 1 2 2 0 6 

Labor relations 5 12 0 12 14 9 13 

Human rights 1 1 0 1 3 0 0 

Environment 5 4 2 10 4 6 27 

Fair operating practices 0 0 0 2 1 1 3 

Social involvement and 

development of society 
5 7 9 20 6 32 29 

Consumer issues 0 0 0 8 1 1 12 

Source: own elaboration based on http://odpowiedzialnybiznes.pl/dobre-praktyki/ 

 

The introduction of the principles of social responsibility by energy enterprises is 

associated with numerous economic and environmental benefits, as well as care for 

end users. In their activities, companies should be guided by openness, transparency 

and reliability, as well as resign from abusing their dominant position towards 

contractors, customers and energy recipients (Jaroń and Wędziński, 2010). 

 

5. CONCLUSION 

The concept of sustainable development implemented in EU countries through 

mechanisms promoting the increase in energy efficiency, the development of renewable 

energy sources, prosumer energy, digitization and implementation of innovative 

technologies is conducive to the energy transition. In this process, the activities of 

energy companies that directly affect the environment and society are of great 

importance. By adopting good CSR practices, heating companies, through sustainable 

development, combine the effectiveness of activities with the ecological and ethical 

aspects of their functioning in the social space. Including the corporate social 

responsibility practices of an energy company in a strategy that takes into account non-
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economic aspects of its operations may be a way to create a competitive advantage 

over other companies operating on the market. 

It should be emphasized that in line with global CSR standards, environmental issues 

are of great importance in the energy sector, mainly in order to reduce greenhouse 

gas emissions and inform the public about the implementation of such activities 

(Jacyno et al., 2013). The effect of communication between the enterprise and the 

society is civic energy, i.e. the growing awareness of people and knowledge of how 

much they pay for energy, how energy affects their health, whether it degrades the 

environment, or creates an opportunity for them to actively participate in building 

energy security. CSR activities of energy companies also contribute to solving 

significant social problems, e.g. reducing energy poverty. 
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Abstract: The paper presents issues related to the analysis of the position of a forklift 

operator.Hazards at the workplace were presented and risk estimation was carried 

out using the matrix method on the position of a forklift operator. The risk assessment 

using the matrix method was performed in accordance with the PN-N-18002: 2011 

standard. The hazards at the forklift operator's workplace were identified and the 

occupational risk was assessed. In addition, the employee's personal protective 

equipment and security factors are also presented, which have been defined to 

increase the safety of work with forklifts. 

Keywords:matrix method, risk estimation, forklift, operation 

 

 

 

1. INTRODUCTION 

One of the most popular in-plant transport devices is a forklift truck. It is the basic 

equipment of every enterprise or warehouse. Forklifts are also used by individuals for 

whom this device is an essential "tool" of work. In today's world, it is difficult to 

observe that a workplace does not have forklifts, which is a basic feature proving their 

universality. Its main advantages are, among others: ease of use, ergonomics and 

economical use of warehouse / plant space. Despite the advantages that have been 

presented, it is the safety behavior during the operation of the forklift that is not at the 

proper level, which has negative consequences. Often the cause of accidents 

involving these devices is haste, lack of attention or disregard of health and safety 

regulations by the forklift operator and other employees. In order to counteract such 

events, it is necessary to: make employees aware of the possible consequences of 

not following internal safety procedures, OHS instructions, lack of supervision and the 

occupational risk of working with a forklift (Klimecka-Tatar et al., 2016; Koradecka, 

2008; Rączkowski, 2020). 
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Forklifts, or rather forklift trucks, belong to the group of in-house transport devices, 

they are the most popular vehicles in this group. They are mainly used in activities 

related to unloading or reloading of products, and they are also used to arrange and 

organize materials in warehouses. These small-sized motor vehicles significantly 

facilitate the transport and handling of relatively heavy goods. They are an appropriate 

device to replace, if spatially possible, manual transport, which is a very heavy 

physical burden for employees, and is often impossible due to the strength of human 

muscles. Therefore, forklifts have found wide application in factories. They are used 

almost everywhere where it is possible, from a large industrial plant through large-

area shops to households. The goods are usually transported on wooden pallets 

specially adapted for transport with forklifts, which are placed on the forks of the truck. 

The characteristics of the forklift mainly depend on the work intended for it. The 

choice of the forklift model is adapted to the operating conditions, e.g. to the storage 

height or to the length and possible width of communication routes. These can be 

forklifts designed only to work outdoors, but also intended for working inside the 

building (Prochowski et al., 2009). 

 

2. OCCUPATIONAL HAZARD 

Every profession and work performed in all types of workstations is not  in 100% safe. 

There are always some dangers, sometimes to a lesser degree, but often to a very 

large extent, it depends on the nature of the activities performed at the workplace. 

The employer is obliged to ensure work safety for his workers, or has a low risk of 

work hazard (Brown et al., 2021). It is he who must take care of the safety and health 

protection of each of the employees performing their work and the duties belonging to 

it. In order for the employer to be able to fulfill his obligation, it is necessary to analyze 

the current state of safety, as well as all other possible elements of the work 

environment that significantly affect the state of safety at the workplace. The purpose 

of proper noticing and identification of threats and estimating the level of safety is to 

perform occupational risk assessment. After carrying out such an assessment, the 

employer will be able to take appropriate actions and efforts to improve the safety and 

protection of employees (Jabłoński et al. 2014; Kapustka et al., 2020).  

Occupational risk at work is defined as a possible disadvantage, related to activities 

performed during operation events that may cause loss. The result of these factors is 

a negative impact on the health of employees, which results from the occupational 

hazards in the work environment or the nature of the work performed by the 

employee. (PN-N-18002:2011; Woźny 2020; Woźny et al., 2015). 

The purpose of occupational risk assessment is to ensure the safety and protection of 

employees at work. However, it is only possible by eliminating the existing threats or 

reducing the level of threats that are currently not completely removable. It is carried 

out in such a way that: 

• Assess and define the level of admissibility of occupational risk, previously 

detected threats and apply protection measures that are required by law, 

• Analyze the correct selection of protection measures against current threats 

that are present in the workplace, 

• Determine the order of priorities, if required, in activities aimed at 

elimination or reduction of occupational risk in the workplace, 

• Present to employees, including / or employee representatives, as well as 

supervisory and control institutions that hazards in the workplace have 
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been identified. They have been eliminated and / or reduced through the 

use of appropriate protection measures, and thus the associated 

occupational risk has also been reduced and / or eliminated, 

• The equipment of workstations, its organization and materials were 

adequately adapted to the psychophysical abilities of employees, 

• Ensure the increase in the safety and health of employees through the 

proper use of collective and individual protection equipment, as well as by 

making appropriate changes in the field of technology, methods and work 

organization (PN-N-18002:2011). 

Occupational risk assessment mainly involves regular monitoring and testing of all 

elements of the work. These activities are designed to look for connections with 

threats that could have an impact on undesirable situations, diseases and negative 

well-being. These actions also determine if the detected threats can be removed. if 

this is not possible, appropriate security equipment should be used (PN-N-

18002:2011; Szlązak et al., 2010; Ulewicz et al., 2015). 

 

3. RISK ASSESSMENT - MATRIX METHOD 

The occupational risk assessment according to the matrix method is presented in the 

PN-N-18001: 2011 standard. It is an inductive method that is used for the qualitative 

estimation of occupational risk in the workplace. The occurrence of an accident and 

qualitatively estimated risk parameters are the assumptions of this method. Two 

approaches to determining risk parameters are used in this method: the severity of 

the consequences, i.e. the effects, and the probability of certain consequences 

(Romanowska-Słomka et al., 2008; Matuszewska et al., 2016). 

The matrix method is prepared on the basis of the following steps, which indicate that 

(Romanowska-Słomka et al., 2008): 

• The risk assessment is carried out within the defined boundaries of the 

facility, 

• The threats are listed in a properly prepared report, 

• The risk was estimated based on the determination of possible 

consequences, as well as the probability of their occurrence, 

• Risk evaluation is done by obtaining values from a matrix. 

The classification of risk parameters using the matrix method is carried out on the 

basis of three levels: small, medium and large, or based on a five-step scale, at the 

level: very small, small, medium, large and very large. Table 1 shows a three-point 

scale and a five-point scale. 

The admissibility of occupational risk is mainly determined by the currently legal 

regulations and standards. However, in the absence of specific legal requirements, it 

is recommended that enterprises make the effort to define their own scope of 

acceptability of occupational risk. It is required to take into account the opinions of 

health and safety services and employees, as well as to draw conclusions from your 

own experience. 
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Table 1 

Classification of occupational risk on a three-level and five-level scale according to the PN-N-

18002: 2011 standard 

three-point scale 

The probability of occurrence the 
consequences of threats 

The severity of the consequences 

SMALL MEDIUM LARGE 

low probability small small medium 

medium probability small medium large 

high probability medium large large 

five-point scale 

The probability of occurrence the 
consequences of threats 

The severity of the consequences 

SMALL MEDIUM LARGE 

low probability very small small medium 

medium probability small medium large 

high probability medium large very large 

Source: (PN-N-18002:2011) 

 

4. THE OCCUPATIONAL RISK ASSESSMENT AT THE POSITION OF A FORKLIFT 

OPERATOR 

A forklift operator often works in places where heavy goods and bulky goods are 

transported. The type of workplace in which the forklift is used varies greatly. These 

can be warehouses, sales halls, production halls, as well as households where the 

presence of a forklift truck is essential. Employees who operate the lift trucks must 

have appropriate qualifications confirmed by appropriate qualification certificates. It is 

necessary to complete a training course, as well as comply with all regulations and 

rules regarding the safe performance of work. Often, when employees perform their 

duties, transporting loads, they have to cooperate with other employees. This is 

required in order to maintain the highest level of work safety (Romanowska-Słomka et 

al., 2009; Saja et al., 2017). Therefore, the forklift operator is required to know and 

follow many safety instructions, including manual transport, storage of goods or rules 

of internal transport. Working as a forklift driver is a very responsible job that requires 

the employee to be prudent and predictive. This work position is associated with  

a large number of risks, e.g. the possibility of being hit or crushed by the load, as well 

as the possibility of the truck overturning or causing harm to other people in the 

immediate vicinity (Chrószcz et al. 2011; Dobosz et al. 2016; Reese, 2018). 

Table 2 presents the main identified hazards that occur at the workplace of a forklift 

operator. Table 2 also includes possible causes and effects of individual hazards, as 

well as actions and preventive measures. 

 

Table 2 

Threatsat the forklift operator's workplace 

No. Risk hazard source hazard effects 
Actions and preventive 

measures 

1. 
Technical 
fault forklift 

Possibility of failure to 
detect a defect or 
improper inspection of 
the technical condition 
the truck, just before 
starting work. 

Possibility of an 
accident with serious 
consequences. 

Conducting the inspection of 
the technical condition 
should be reliable and 
accurate, and all noticed 
irregularities should be 
reported to the supervisor 
and recorded in the book of 
daily inspections.  
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2. 

Exceeding 
the speed 
allowed for 
the 
movement of 
a forklift truck 

A forklift operator 
exceeding the travel 
speed. 

Possibility of the 
trolley overturning, or 
hitting a bystander, 
other employees. 

Conducting trainings making 
drivers aware of the 
consequences of not 
complying with the rules and 
principles of driving safety. 
Applying penalties to people 
who fail to comply with the 
employer's safety 
arrangements. 

3. 
Forklift 
overload 

Failure to adjust the 
trolley's capacity to the 
transported load, or 
incorrect setting of the 
center of gravity. 

The truck may tip 
over or be damaged. 

Observe the operational 
parameters of the trolley and 
familiarize yourself with the 
weight of the transported 
load in advance.  

4. Vibration 

An employee's 
perception of vibration 
is affected by the 
rigidity of the forklift 
truck or an improperly 
cushioned operator's 
seat.  

Excessively felt 
vibrations cause pain 
effects in the 
abdominal cavity and 
the musculoskeletal 
system.  

It is recommended to check 
the cushioning of the seat 
and the fit of the forklift 
suspension. 

5. Noise 

The noise can be a 
nuisance for employees 
when using internal 
combustion forklifts and 
when working in a 
confined space. 

The effect of 
excessive noise can 
damage hearing. 

In order to protect your 
hearing against noise, use 
ear protection and personal 
protection. 

6. 

Limited view 
of the 
operator 
during 
maneuvers 

Large loads can limit 
the driver's vision and 
make certain 
maneuvers difficult. 

Transporting large-
size loads may cause 
the driver to fatigue 
faster. Driver fatigue 
reduces his 
concentration and 
attention. 

During the transport of large 
loads, special care should be 
taken and a person to guide 
the transport of the load 
should be appointed. Secure 
the work area of the truck to 
prevent outsiders from 
entering this dangerous 
area..  

7. 

Incorrect 
arrangement 
of the load on 
the forklift 

Incorrect arrangement 
of the load on the 
forklift truck, incorrectly 
defined center of 
gravity. 

Possibility of the load 
tipping over, or 
of the entire load cart. 
The driver may be 
disabled or killed as a 
result of the accident. 

The load must be properly 
arranged on the forklift with 
special care and taking into 
account the rules of the 
goods storage instructions. 

Source: Own study 

 

Most of the accidents occurring with the participation of lift trucks are related to the 

excessive speed of the device, insufficient range of vision about the surroundings by 

the operator. The effects of such accidents are hitting pedestrians, collisions with 

other forklifts, as well as collisions with infrastructure. To prevent the consequences of 

such collisions from being fatal or very serious, all kinds of preventive measures 

should be applied. 

 

5. STATISTICAL DATA OF THE OFFICE OF TECHNICAL INSPECTION 

The use of forklifts in in-house transport is associated with the possibility of accidents. 

The consequences of accidents are serious injuries and fatalities. In his duty, the 

employer must analyze the causes and effects of accidents involving forklifts. This 

analysis is a support point for occupational risk management, as well as helps to 

identify areas requiring action to improve the safety of equipment operation. The 

register of dangerous accidents and its analysis allow you to pay attention to their 

nature and type. Often, people injured in potentially dangerous accidents are divided 

into two groups: they are forklift operators and bystanders. The number of people 
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injured in such accidents has a growing tendency in recent years. This is due to the 

increasing popularity of this type of device in enterprises. The dynamically developing 

trade, transport and distribution networks have imposed a wide application of these 

devices, which are one of the easiest means used to move relatively heavy loads. 

The analysis of statistical data was carried out on the basis of data obtained from the 

Office of Technical Inspection. This analysis is based on data relating to the years 

2013-2017, in which the relationships between the safe operation of devices and the 

proper conduct and compliance with the provisions of the rules by employees were 

examined. 

 

 
Fig. 1. Number of technical devices under the supervision of the technical inspection office, to 

a full and limited extent in 2013-2017 

 

Figure 1 shows the number of all technical devices that are subject to full technical 

supervision and limited technical supervision in 2013-2017. According to the data 

obtained, this number showed an upward trend over the period of 5 years. During 

these years, the number of devices increased by 244,575 units, and on average 

1,051,040 additional devices registered per year. This proves that it is highly probable 

that in the coming years the number of devices that are subject to technical 

supervision will continue to increase. The number of devices subject to technical 

inspection (Fig. 1) applies only to devices registered in the Office of Technical 

Inspection, one should also remember about the presence of devices that have not 

been registered in the UDT office or are not subject to its supervision.  

The number of revealed dangerous failures in 2013-2017 is shown in Figure 2. This 

figure shows the total number of registered dangerous failures of all devices subject to 

full technical supervision and limited technical supervision as well as the number of 

registered dangerous failures of handling equipment. In the analyzed period of 

recorded values, we note that the numbers for damage to all devices are relatively 

similar, except for 2014, when the number of 84 dangerous failures was recorded. On 

the other hand, in the case of revealed dangerous failures of transport equipment 

close to the number of these values, there is a slight difference, with the exception of 

2014, when 62 such events were registered. The average number of dangerous 

failures of technical devices in 2013-2017 is 99 events. 
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Fig. 2. Number of revealed dangerous failures of technical devices in 2013-2017 

 

The number of fatalities and people with injuries as a result of an accident involving a 

forklift truck in 2013-2017 is shown in Figure 3. In 2013 and 2015, there were no 

fatalities as a result of an accident involving a forklift truck, in the remaining analyzed 

years the same value was nearly five. However, in the case of people injured, 

including bodily injuries in 2013 and 2014, it is close to each other, and amounts to 5 

and 6 victims, respectively. In 2015-2017, there was a significant increase in the 

number of people injured in accidents related to the participation of a forklift truck. In 

2016, the highest number of 28 people with injuries was recorded. 

 

 
Fig. 3. Number of fatalities and victims of accidents at work involving a forklift truck in 2013-

2017 

 

The causes of accidents and dangerous incidents involving lift trucks are shown in 

Figure 4. These causes have been appropriately grouped. Classification the causes of 

accidents involving forklifts is: 
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• design defects, 

• technological defects, 

• operational errors. 

The presented data show that the most common causes of accidents with the 

participation of forklift trucks in 2015-2017 were operational defects, the results of 

which are the highest value among other qualifications of the causes of accidents. 

This result reaches nearly 100% of the causes of unwanted accidents. Successively, 

technological defects and design defects find their place, the percentage of which is 

within 8%. Other causes of accidents or dangerous activities, such as corrosion and 

wear, material defects and damage to accessories, were not marked in Figure 4, 

because in the analyzed years no such causes of hazardous events were recorded.. 

 

 
Fig. 4. The causes of accidents and dangerous incidents in 2015-2017 

 

Based on the analysis of statistical data for the period 2013-2017, the number of all 

technical devices registered with the Office of Technical Inspection, which consists of 

pressure equipment and handling equipment, increased and, as the analyzes show, 

the number will continue to grow. Unfortunately, the number of fatalities and the 

number of victims with personal injuries are also increasing. Sometimes the injuries 

are so serious that they eliminate the worker from further work. 

From the presented graphs it can be concluded that the handling equipment is 

characterized by a higher degree of risk compared to pressure equipment. As shown 

in Figure 4, operational defects have the greatest share in the contribution of 

accidents and hazardous events. These disadvantages are mainly the lack of 

appropriate qualifications of the operators, as well as the employees' failure to comply 

with the rules and regulations of safe work and failure to adapt their behavior to the 

conditions contained in the technical and operational documentation of the device. 

Regular inspections, maintenance and repairs by appropriately qualified persons also 

play a special role in avoiding undesirable events. Performing these activities directly 

affects the proper maintenance of the technical condition of the device, and thus 

increases the level of safety and avoiding dangerous events. Proper operation is also 

a factor reducing the risk of failures, which are a threat to the health and life of the 

operator of the technical device and bystanders in the area of operation of the device. 
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6. SUMMARY 

During the operation of lift trucks, there are a number of dangers that may result in 

accidents or dangerous events affecting the health of employees and bystanders. 

From the hazard identification and occupational risk assessment carried out in 

accordance with the matrix method, it is concluded that high occupational risk is 

related to, among others:with the non-compliance with the forklift speed limits that are 

allowed. This risk may cause the truck to overturn or run over by a bystander. A big 

risk is also overloading the forklift, which can also lead to the truck turning over or 

damaged. Another risk is also damage to the rack structure in the warehouse, which 

may result in the death of an employee staying near the rack and material losses. 

Driving a forklift on a slippery and uneven surface is also a high risk, which may result 

in the loss of control by the driver. The group of medium-risk hazards includes, among 

others: incorrect positioning of the load on a forklift truck, hits by falling objects, the 

physical load of the employee and noise that affects the human body. These threats 

result in the uncontrolled fall of the load, fatigue of the employee, and thus a decrease 

in his concentration and attention. Lowered concentration and inattention of the 

employee is a direct factor that significantly increases the risk of accidents involving 

forklifts. The group of low-risk hazards includes, among others: vibrations generated 

by the device and changing weather conditions. The effects of this group of threats 

are pain in the abdominal cavity, the musculoskeletal system as well as faster fatigue 

and diseases.  

In order to counteract the dangers occurring at the position of a forklift truck operator, 

it is necessary to carry out periodically repeated occupational risk assessment. This 

assessment provides the employer and managers with information about the existing 

threats, as well as supports the constant undertaking of actions and activities aimed at 

eliminating or reducing occupational risk at the workplace. These activities are also to 

lead to a constant search for new activities, the implementation of which is to protect 

employees against accidents and dangerous incidents.. 
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Abstract: In accordance with the applicable law, an employer cares for safe and 

hygienic working conditions. An occupational risk analysis isone of the elements 

determining the level of safety. The risks that may significantly contribute to the 

damage are identified through the activities related to the risk assessment. The role of 

an employer is to counteract these threats. The COVID-19 pandemic has had many 

negative consequences for the functioning of enterprises and the health and safety at 

work. The subject of the paper is to update the occupational risk among selected 

employees after the COVID-19 pandemic. Depending on the work environment, an 

employee is exposed to various types of risks that significantly affect not only health 

and safety, but also comfort, quality and work efficiency. COVID-19 causes various 

negative consequences, so it is important for the employer to monitor the employee's 

return process after the infection for a long time (approximately 2 months). Adjusting 

working conditions and temporarily reducing work intensity (expectations and work 

results) relatively increase the possibility of recovery and a faster return to full 

productivity. 

 

Keywords: management, occupational risk management, occupational risk, COVID-

19 

 

 

1. INTRODUCTION 

Modern company management is largely based on change management. The change 

management is an implementation and supervision of new management principles 

and practices in businesses in order to improve their performance or introduce  

a strategic change. The progressing globalization changes make practically every 

economic entity implement major or minor changes. However, rules and practices 

change not only through the updating of normative acts or the economic situation 

(Drucker P.F., 1991). 

The change management may be forced by unforeseen anomalies that appear in the 

social space in a local or global aspect. The emergence of the SarsCov-2 virus has 

brought about a lot of changes that companies had to adapt to. Depending on the 

scale of the pandemic, its stage (1st or 2nd wave of infections), companies reacted 
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differently to a given situation. It should be noted that in the case of Poland, the 

government reacted to the situation of entrepreneurs only after some time. 

The first lockdown introduced in March 2020 was a big surprise for entrepreneurs who 

were naturally not prepared for such a threat. Despite the fact that enterprises usually 

anticipate problems and threats through appropriate management mechanisms, it was 

difficult to predict the scenario of a practically complete closure of the economy. Due 

to this situation, entrepreneurs were to a greater extent obliged to raise the standards 

of occupational health and safety. 

 

2. OCCUPATIONAL RISK 

According to Polish legislation, this is an employer who is responsible for the health 

and safety at work (pursuant to Art. 207 of the Labor Code). With the help of his 

knowledge and resources, he is to ensure such conditions of the working environment 

that not only comply with applicable law, standards, etc., but also he needs to ensure 

that employees are protected in a way that reduces the risk of accidents or diseases. 

From the management point of view, the OHS aspect should be important for the 

entrepreneur as it is in his interest that employees are ready to work as much as 

possible (Pacana, A., Czerwińska, K., Bednárová, 2019). 

Proper health and safety management is usually verified in a crisis situation, i.e. an 

accident at work. Thanks to the analysis of the causes and circumstances of the event 

it is possible to determine whether there are real problems in a given work 

environment. Taking care of proper OHS management allows increasing the quality 

and efficiency of employees, and also improves the organizational culture. Building 

procedures, norms and rules prevailing inside the workplace is a long-term process 

that requires the involvement of all employees. 

The employer has an ability to analyze threats in the workplace and counteract them. 

Thanks to the help of the health and safety inspector, he can assess the occupational 

risk at the workplace and implement the necessary preventive measures against 

threats. The basic requirements of occupational health and safety (related to 

occupational risk) were defined by the European Community in two directives: 

• Council Directive of 12 June 1989 on the introduction of measures to increase the 

safety and health of workers at work (Directive 89/391 / EEC), 

• Council Directive of June 14, 1989 on the approximation of the laws of the Member 

States relating to machinery (Directive 89/392 / EEC). 

The European Community pays great attention to the nature of occupational health 

and safety in business management. According to the Regulation of the Minister of 

Labor and Social Policy, occupational risk is "the probability of adverse events related 

to the work performed, causing losses, in particular the occurrence of adverse health 

effects in employees as a result of occupational hazards occurring in the work 

environment or the way of work" (Saja P., Pacana A., Dobosz M., 2017). 

One of the basic activities related to the organization of safe and hygienic work is the 

proper assessment of occupational risk at individual work stations. According to this 

definition, an employer is obliged to define all hazards that may appear in the work 

environment. The employer, with the help of the health and safety inspector, 

managers and the employees themselves, should strive for a proper assessment of 

the risks that may occur at the workplace. Art. 226 of the Labor Code indicates that: 

The employer "1) assesses and documents the occupational risk related to the work 

performed and applies the necessary preventive measures to reduce the risk, 2) 



349  

 

 

informs employees about the occupational risk associated with the performed work, 

and principles of protection against threats "(Journal of Laws of 2014, item 1502). 

 

2.1. PROCESS OF OCCUPATIONAL RISK MANAGEMENT  

On the employer's request, the health and safety inspector performs an occupational 

risk assessment. This process takes place according to specific stages. One can 

distinguish: 

• A job description, 

• An analysis of the workplace along with observation of the selected employee during 

the implementation of daily activities, 

• A documentation analysis: 

o An analysis of work environment measurements, e.g. noise, dust, vibrations, etc. 

  o Documentation of occupational medicine doctors, 

o Operating manuals for machines and devices, 

o Work processes and operating procedures, 

o Applicable normative acts regarding the type of workstations, e.g. transfer 

standards, work at height, etc., 

o An analysis of available personal protective equipment, 

o Other elements resulting from the nature of the environment and workplace, 

• Checklist for the occurrence of hazards in the workplace, 

• Identification of threats, 

• Risk assessment according to the selected method, e.g. PHA, Risc Score, etc. 

• Definition of corrective and preventive actions. 

By analyzing the work environment, observing an employee at work, as well as 

analyzing the medical documentation of the occupational medicine physician, the 

occupational health and safety inspector is able to properly identify and estimate the 

hazards at the workplace. It should be pointed out that the risk assessment process is 

multi-stage and it is up to the OHS inspector himself how diligently to approach the 

issue of assessment. 

The literature on the subject distinguishes many assessment methods. The OHS 

inspector should choose the method which, in his opinion, will be the most appropriate 

for a given workplace or the specificity of the enterprise. Proper assessment of 

occupational risk really contributes to the improvement of working conditions since by 

determining the real threat, it is possible to implement corrective, preventive and 

reducing negative effects in the threats indicated in the document. 

According to Polish legislation, an employer is obliged to inform an employee about 

the occupational risk assessment. Ignorance of the issues discussed in the risk 

assessment may result in a misinterpretation of the results by the employee himself, 

therefore it is important that the OHS inspector should participate in the process of 

informing about occupational risk. The method of documenting the familiarization of 

employees with the occupational risk is usually done by signing a list confirming the 

knowledge and understanding of the problem (Woźny A., Pacana A., 2017). 

 

2.2. SELECTED HAZARDS AT WORKPLACES 

While assessing the occupational risk, attention is paid to every possible hazard in the 

work environment. Usually they are divided into groups into physical, mechanical, 

biological and chemical hazards, etc. Depending on their type, they should be 

identified on the basis of e.g. the Dortmund list (created by a team led by G.C. Burger 
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in 1964). It is possible to evaluate them thanks to proper identification. Depending on 

the work environment and the scope of activities, the scale of the risk may vary. 

When analyzing individual aspects of the work environment, attention should be paid 

to the types of threats. In the cases analyzed, three characteristic threats were 

distinguished, which were affected by COVID-19: 

• Overload of the musculoskeletal system, 

• Mental burden, 

• Psychosocial factors. 

The specificity of the working environment and the scope of activities of  

a maintenance worker, an office worker and a teacher vary. Therefore, the causes 

and possible consequences of threats differ from each other. The measures to protect 

against threats are also important. At each of the workstations analyzed, there are 

different means of protection that can be used by an employee and an employer. 

The maintenance worker performs various types of activities, mostly manually, where 

the musculoskeletal system may be overloaded mainly due to transport or other work 

requiring physical effort, including those carried out in a changing microclimate. The 

mental burden is also important due to the fact that the specificity of this work position 

requires a person to be multitasking and be able to use many machines and devices. 

This also has a direct impact on the psychosocial factor. The occurrence of time 

pressure related to sudden failures or problems indicates a significant threat (Gazda, 

A., Pacana, A., Malindžák, D., 2013). 

 

Table 1. 

Identification of selected threats for the position of the maintenance worker. 

Threat 
Threat source 

(cause) 

Possible 
consequences of 

the threat 

Means of protection against threats 

Employee Employer 

Overload of 
the 

musculoskelet
al system 

 

Forced body position 
- manual transport 

work, work in 
progress, physical 

effort 

Back pain, back 
pain, shoulder pain, 
injuries of muscles 

and tendons 

Compliance with 
lifting standards 
for men, work 
organization 

Provides workplace 
instructions at the 

workplace 

Mental burden 
The pace of work, 

responsibility for the 
entrusted property 

Diseases of the 
nervous and 

digestive systems, 
neuroses 

Proper 
organization of 

work and leisure 

Providing job 
instructions for the 

maintenance worker 

Psychosocial 
factors 

Complex tasks, time 
pressure to complete 

the task 

Neuroses, 
depression, low self-

esteem in the 
employee 

Limiting rush, 
breaks at work 

Proper organization of 
work 

Source: author’s own studies. 

 
In the case of the office worker, the risks differ significantly than in the case of 

themaintenance worker. It should be pointed out that due to the sedentary work, as 

well as the forced position of the body in this workplace, there may be overload of the 

musculoskeletal system. The scope of responsibility in this type of work position often 

increases the risk of psychological burden and psychosocial factors. 
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Table 2. 

Identification of selected threats for the position of the office worker. 

Threat 
Threat source 

(cause) 

Possible 
consequences of the 

threat 

Means of protection against threats 

Employee Employer 

Overload of the 
musculoskeletal 

system 
 

Forced body position 
- sitting at work with 

a computer. 

Back pain, back pain, 
shoulder pain, injuries 

of muscles and 
tendons 

Breaks at work 
Provides workplace 
instructions at the 

workplace 

Mental burden 

Stress situations 
resulting from the 
awareness of the 
consequences of 
making mistakes 

Neuroses, depressive 
states 

Breaks at work 

Organization of 
training courses for 

employees on 
coping with stress 

Psychosocial 
factors 

Complex tasks, time 
pressure to complete 

the task 

Neuroses, depression, 
low self-esteem in the 

employee 

Limiting rush, 
breaks at work 

Proper organization 
of work 

Source: author’s own studies. 

 

The specificity of the teacher's work shows that he is exposed to a significant risk 

related to overloading the musculoskeletal system. Due to the standing position of the 

body and the constant need to bend over the student, negative health effects may 

occur. Constant contact with students and responsibility means that an important 

threat in the teaching position is the mental burden and psychosocial factors. 

 

Table 3. 

Identification of selected threats for the position of the teacher. 

Threat 
Threat source 

(cause) 

Possible 
consequences of 

the threat 

Means of protection against threats 

Employee Employer 

Overload of the 
musculoskelet

al system 
 

Forced body position 
during classes - 

standing position. 
 

Back pain, back 
pain, shoulder 
pain, injuries of 
muscles and 

tendons 

Work breaks 
Compliance with 

the workplace 
instructions. 

Provides workplace 
instructions at the 

workplace 

Mental burden 

Stress related to the 
education of young 

people, responsibility 
for the entrusted 
property of the 

educational institution 

Neuroses, 
depressive states 

Breaks at work, 
participation in 

training sessions 
on coping with 

stress 

Organization of 
training courses for 

employees on coping 
with stress 

Psychosocial 
factors 

Complex tasks, time 
pressure to complete 

the task 

Neuroses, 
depression, low 

self-esteem in the 
employee 

Limiting rush, 
breaks at work 

Proper organization of 
work 

Source: author’s own studies. 

 

An appropriate analysis of hazards in the workplace allows one to properly estimate 

the occupational risk. Only in this way the corrective and preventive actions can be 

defined reliably and correctly. The implementation of solutions improving health and 

safety at work allows you to achieve better quality and efficiency of work. 

 

2.3. UPDATING OF THE OCCUPATIONAL RISK AFTER RECOVERY FROM 

COVID-19 INFECTION 

COVID-19 infection can cause various complications that were not yet fully 

documented at the time of the pandemic. It should be pointed out that people who 

have been cured indicate different consequences of the infection. It should also be 

emphasized that complications may be important not only for the process of complete 

recovery, but also for the proper functioning of a person in society or work 
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environment. During the update of threats after COVID-19, the occupational risk was 

reassessed. It should be noted that the analysis of individual cases of employees in 

the described positions confirms that the level of risk increases in some threats. 

For the maintenance worker, there has been a change in the risk score for 

musculoskeletal overload from pre-infection to a significant level requiring risk 

reduction. The increased result is related to the fact that the employee, after infection, 

signals the periodic appearance of neuralgia in the lumbar spine. This state of affairs 

can significantly contribute to serious injury (David M.D., Bell M., 1997). 

The risk related to mental burden in the case of this worker did not change over the 

course of the state before and after the COVID-19 infection. However, it should be 

noted that in the event of a threat with psychosocial factors, a significant increase in 

the risk took place (risk reduction required). The reason for such a situation is the 

reduced concentration, distraction, or states of weariness/fatigue that appear after 

infection. 

 

Table 4. 

Estimation of occupational risk of selected threats using the Risk Score method for the position 
of themaintenance worker before and after COVID-19 infection. 

Name of the 
occupational hazard 

factor 

The severity of 
possible 

consequences 
"S" 

Time of 
exposure to the 

hazard 
"E" 

The 
probability 
of an event 

"P" 

Score of 
occupational risk 

"R" 

Estimation formula:  S x E x P = R 

Overload of the 
musculoskeletal 

system 
 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=7 Average E=6 P=3 R=126 Relevant risk 

Severe body injury Daily 
Practically 
possible 

Essential 
Risk reduction needed 

Mental burden 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

Psychosocial factors 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=3 Average E=10 P=6 R=180 Relevant risk 

None Daily 
Practically 
possible 

Essential 
Risk reduction needed 

Source: author’s own studies. 

  

In the case of the office worker, there was also an increase in the risk score. As in the 

case of the maintenance worker, the office worker also experienced an increased risk 

of overloading the musculoskeletal system. The employee shows general pain in 

muscles and joints that have been present for a long time after recovery. In the case 

of mental strain and psychosocial factors, there was also a significant increase in risk 

to a significant level, requiring risk reduction. This state of affairs is caused by the fact 

that the employee experiences problems with concentration and attention, and is also 

more stressed than before the infection. 
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Table 5. 

Estimation of occupational risk of selected threats using the Risk Score method for the position 
of theoffice worker before and after COVID-19 infection. 

Name of the 
occupational hazard 

factor 

The severity of 
possible 

consequences 
"S" 

Time of 
exposure to the 

hazard 
"E" 

The 
probability 
of an event 

"P" 

Score of 
occupational risk 

"R" 

Estimation formula: S x E x P = R 

Overload of the 
musculoskeletal 

system 
 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=7 Average E=6 P=3 R=126 Relevant risk 

Severe body injury Daily 
Practically 
possible 

Essential 
Risk reduction needed 

Mental burden 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=3 Average E=10 P=6 R=180 Relevant risk 

None 
Permanent 
exposure 

Practically 
possible 

Essential 
Risk reduction needed 

Psychosocial factors 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=7 Average E=6 P=3 R=126 Relevant risk 

Severe body injury Daily 
Practically 
possible 

Essential 
Risk reduction needed 

Source: author’s own studies. 

 

The greatest change in risk was recorded for an employee holding the position of  the 

teacher. While the risk in the employee with respect to the musculoskeletal system did 

not change (the analyzed employee did not report any significant complications 

related to the system), significant changes took place in the case of psychological 

stress and psychosocial factors. There is a high risk that needs to be reduced 

immediately. The employee indicated that return to work after infection (including 

remote work) causes great anxiety and depression. 

 

Table 6. 
Estimation of occupational risk of selected threats using the Risk Score method for the position 
of theteacher before and after COVID-19 infection. 

Name of the 
occupational hazard 

factor 

The severity of 
possible 

consequences 
"S" 

Time of 
exposure to the 

hazard 
"E" 

The 
probability 
of an event 

"P" 

Score of 
occupational risk 

"R" 

Estimation formula: S x E x P = R 

Overload of the 
musculoskeletal 

system 
 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=3 Average E=6 P=3 R=54  

None Daily 
Practically 
possible 

Acceptable 
Control needed 

Mental burden 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Ryzyko małe 

None Daily 
Practically 
possible 

Acceptable 
Control needed 
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After COVID-19 infection 

S=7 Large E=6 P=6 R=252 Large risk 

Severe body injury Daily 
Quite 

possible 

Large 
Immediate risk reduction 

needed 

Psychosocial factors 

Before COVID-19 infection 

S=3 Average E=6 P=3 R=54 Small risk 

None Daily 
Practically 
possible 

Acceptable 
Control needed 

After COVID-19 infection 

S=7 Average E=6 P=3 R=126 Ryzyko istotne 

Severe body injury  Daily 
Practically 
possible 

Essential 
Risk reduction needed 

Source: author’s own studies. 

 

3. CONCLUSIONS 

Shaping safe working conditions is a continuous process. Therefore, an employer 

should constantly monitor not only the working environment conditions, but also the 

health changes of the employees themselves. It should be emphasized that COVID-

19 infection causes many different complications (so far little identified), which may 

contribute (temporarily or permanently) to an increase in occupational risk in some 

threats, as evidenced by the need to update the risk in the analyzed cases much 

more often. 

In Polish legislation, the necessity to perform medical control examinations 

(occupational medicine) is necessary when an employee is incapable of work for 

more than 30 days. Therefore, after the infection, the employee often has no such 

tests. It seems reasonable to send an employee for an examination in the event of 

COVID-19 infection so that the occupational medicine physician assesses the 

employee's ability to perform work. Actions should be taken to conduct tests as widely 

as possible in order to determine whether the employee after illness has damaged 

various organs (general tests - blood analysis, X-ray of the lungs, using the voice at 

work - an ENT, phoniatrist or audiologist). 
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